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PREFACE  TO  SECOND  EDITION, 


Pharmacologic  research  has  l^een  active  in  the  time  which 
has  ela|>scd  since  the  publiaition  of  the  first  edition  of  this 
voUimc,  and  has  added  many  details  to  our  knowledge,  and 
modified  many  of  our  conceptions.  These  additions  and  modi- 
firations  are  so  dispersed  over  the  entire  subject-matter*  thai  it 
seemed  advisable  to  not  only  revise,  but  to  practically  rewrite, 
the  book,  in  order  to  make  it  representative  of  the  present  status 
of  the  science.  Further  experience  has  also  shown  thai  many 
sul)jecis  (ould  l>e  profitably  condensed  orex|>anded,  without  sac- 
rificing clearness  or  snnplicity;  and  that  the  book  could  l>e 
made  more  useful  lo  the  advanced  student,  and  for  reference, 
»*nhoui  detriment  to  its  primary  object,  as  a  textbook  for  l>et,'in- 
ncrs  Several  new  features  liave  been  introduced  for  this  pur- 
pose. 

Pharmacology  Proper:  The  general  arrangement  and  the 
phaniiacologic  system  of  classification  are  practically  the  same 
a^  those  of  the  first  edition.  The  ''new"  remedies  have  per- 
haps l)een  accorded  more  attention  than  is  justified  l)y  their  in- 
trinsic ^aluc ;  but  their  inirotluction  seemed  desirable  for  purposes 
of  reference. 

Litboratof-y  Work  •  This  l\as  been  entirely  remodeled.  The 
reception  accorded  to  the  short  Kxercises  in  the  fir>t  edition  has 
made  it  ap|>arent  that  it  is  not  only  desirable,  but  (juitc  feasible, 
to  teach  pharmacology  largely  by  the  laboratory  method,  and  in- 
deed, to  make  this  the  l)asis,  rather  than  an  adjunct,  of  the  in- 
♦irtution.  Tlic  course  has,  therefore,  been  considerably  en- 
Urged,  systematized,  and  provided  with  explanator\-  notes,  so  as 
to  make  it  entirely  independent  from  the  text,  or  rather,  an  in- 
troduction to  the  latter,  as  illustrated  by  the  outlined  summaries. 
page  940.  The  plan  of  the  course  is  fully  exjilanied  in  the 
prrfetory  chapter,  page  771.  The  description  of  the  terhnic 
Mti^  has  al>o  been  elaborated,  for  the  guidance  of  the 
IT  '  .lud  /or  the  Inrginning  investigator.      It  is  hoped  that 

the  docK-tables  for  animals,  page  945,  will  be  a  welcome  addi- 
tion. 

fiihihj^apktc  Rfftrrncfs:  A  text-book  can  only  summarize 
the  main  facts,  and  must  neglect  the  details.  This  treatment 
suffice:^  tor  elementary  students;  but  advanced  workers,  who 
with  to  delve  deeper  into  the  subject,  must  supplement  the  text 
by  the  original  literature.     The  selected  bibliography,  page  978, 
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is  intended  to  serve  as  piiide  for  this  general  collateral  reading. 
The  authority  for  specific  statements  of  the  text  is  indicated 
by  the  names  of  the  investigators;  the  reference  to  the  jiaper 
may  i»e  found  jn  the  alphabetic  bibliographic  register,  page  1029. 

A  complete  bibliography  is  neither  practical  nor  desirable  in  a 
work  of  this  character;  a  guide  to  the  literature  is  all  that  can 
be  furnished.  P'or  this  reason,  the  emphasis  has  l>een  laid  on 
the  more  recent  pai>crs.  which  give  citations  of  the  older  work. 
The  latter  has  only  been  quoted  directly,  in  addition  to  the 
later  work,  when  it  is  of  fundamental  ini|>ortance.  I  have  tried, 
however,  to  include  all  the  more  important  i»apers  in  the  regis- 
ter, and  l>elieve  that  ihe  alphabeiiial  arrangement  will  be  found 
convenient. 

MtiUna  Metfuii :  This  has  been  revised  to  conform  with  the 
eighth  (1905)  edition  of  the  United  Stales  Pharmacopa-ia. 
The  jthysical  characters  of  the  dnigs  can  only  be  studied  by  di- 
rect contact ;  the  other  data  are  mastered  most  easily  and 
thoroughly  by  requiring  the  student  to  collett,  arrange  and  tab- 
ulate them.  A  series  of  schedules  for  such  lessons,  emphasizing 
the  more  important  drugs,  has,  therefore,  been  introduced  as 
Appendix  A,  page  961. 

Phaninitx  <///(/ .-/jy^M/z/^'' have  also  been  revised  in  conformity 
with  the  new  Pharmacopfuia. 

Gi'fwrai  Toxiufht^v :  The  data  concerning  the  symptoms,  eti- 
ology, isolation  and  treatment  of  |)oisoning,  have  i>cen  general- 
ized in  one  chapter  (page  79);  the  syin|jtoms  and  treatment 
being  given  in  detail  under  the  heading  of  each  dnig,  as  in  the 
first  edition. 

77/1*  tahits  of  moiecuhr  Jormuhc  atui  icnji^hts^  and  of  solubiiities 
(at  25°  C  )  (  page  9S6 ) ,  as  also  of  the  tirrraj^c  (fos^s  ( page  10 1 1 ) 
are  liased  on  the  revised  I'haniiacopieia.  The  dose-lable  made 
the  retention  of  the  doses  in  the  /Wr.v  supertliious.  Other 
changes  in  the  index  have  been  made  with  the  object  of  ron- 
venien(c. 

Iliustratums:  A  considerable  number  of  new  cuts  of  tracings 
and  aj)paratus  have  been  added.  The  tracings  are  reproductions 
of  actual  specimens;  a  few  having  been  redrawn  and  condensed, 
to  economize  space.  The  list  on  page  13  may  be  found  conve- 
nient. 

CLEVELAND)  OmO,  Mq^^   I906. 
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OxE  of  the  achievements  of  the  latter  half  of  the  century  just 
tloscd  has  been  the  development  of  the  study  of  the  action  of 
dnigs  along  lines  scarcely  dreamed  of  formerly.  This  has  been 
made  (>ossible  mainly  by  recourse  to  animal  ex]>enmentation ; 
by  methods  analogous  to  those  upon  which  the  modern  science 
of  physiology  is  buiU ;  by  replacing  accidental  obser\'ation  by 
wcll-dircf  ted  research,  Our  knowledge  has  thereby  been  placed 
on  a  footing  of  exactness,  without  which  the  application  of 
drugs  to  the  treatment  of  disease  could  only  be  empirical. 

*l*hc  ever-growing  importance  of  this  new  science  has  made 
necessary  a  revolution  in  the  methods  of  teaching  and  studying. 
To  understand  the  facts  furnished  by  experimentation,  to  appre- 
ciate the  course  of  reasoning  which  led  to  them,  to  give  their 
proper  value  to  new  observations,  the  altitude  of  the  student 
roust  l»c<omc  somewhat  that  of  the  original  investigator.  Dis- 
couTbcs  on  the  application  of  drugs  lo  the  cure  of  disease  must 
be  supplemented  by  discourses  on  the  physiologic  action  of  the 
drugs,  on  reasons  for  these  actions,  and  on  the  experiments  upon 
which  the  slated  facts  are  lased.  These  again  should  l>e  sup- 
jKjrtcd  by  demonstrations  or  lal)oraiory  work,  if  possible.  A 
want  of  this  a<  <iuaintancc  with  experimental  methods  has  served 
to  deby  the  recognition  of  the  importance  of  pharmacology. 
Il  hflj*  also  hampered  the  more  intimate  relation  of  this  science 
iriih  applied  medicine — a  relation  which  could  not  foil  to  be  of 
the  greatest  benefit  to  both-  Nor  does  the  usefulness  of  phar- 
macology stop  when  it  has  explained  the  action  of  drugs.  It 
tus  placed  the  irtaiment  of  poisoning,  as  well  as  thai  of  disease, 
upon  a  raiional  basis.  It  has  thrown  light  upon  the  nature  of 
m.1'  ^  which  are  really  intoxications.     Il  has  funiished 

the-  iices  with  methods  and  instruments  of  research. 

Ih?  otivanlages  of  studying  therapeutics  in  the  light  of  phar- 
macology will  starvely  need  I'uriher  recommendation.  However 
manifcM  these  advantages  appear,  it  has  greatly  detracted  from 
ihcm  chat  the  (arts  furnished  by  pharmacology  have  been  com- 
puattvely  inaccessible.  The  bare  statement  of  the  conclusions 
of  different  ol>servers  is  of  use  only  if  the  underlying  experi- 
meots  are  understood.  Extensive  text-books  or  technical  jour- 
lal&arcof  use  only  to  the  specialist.  Too  gn'eat  detail,  indefinite 
statement,  and  conlhcting  theories  only  confuse   the   student. 
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To  treat  the  subject  apart  from  its  practical  application  makes 
this  application  difficult.  To  treat  il  as  an  adjunct  to  clinical 
therapeutics  deprives  it  of  the  logical  arrangement  whit  h  con- 
stitutes one  of  it-^  chief  advantages.  The  two,  although  inter- 
dependent, are  best  separated  in  the  teaching.  The  former,  the 
clinical  application,  belongs  projterly  to  the  practice  of  physic. 
On  the  other  hauH,  the  subjects  of  pharniarognosy,  phannacy, 
matena  uiedica,  prescribing,  inconipatibihiy,  toxicology,  etc., 
in  so  far  as  they  have  any  place  in  the  medical  curriculum, 
are  conveniently  taught  from  the  same  chair  as  pharmacology. 

My  aim  in  writing  this  volume  has  been  to  meet  these  objec- 
tions and  iiutications. 

I  have  atieinptc<l  to  give  all  the  important  pharmacologic 
facts.  To  facilitate  their  understanding  and  memorizing,  they 
have  been  arranged  in  a  systematic  and  logical  manner,  and 
the  detailed  account  of  the  actions  has  been  jirefared  by  a  very 
brief  summary.  To  bring  out  the  more  in»|>orlant  points, 
liljeral  use  is  made  of  display  type,  rendering  it  possible  to  in- 
sert considerable  matter  iiUended  only  for  reference,  without 
making  the  book  unwieldy. 

I'he  e.\periments  and  reasoning  which  have  led  lo  conclusions 
are  given  in  detail  whenever  necessary.  A  section  on  laboratory 
work  has  been  added,  giving  a  few  simple  experiments,  together 
with  suggestions  which  will  permit  of  making  iheni  much  more 
extensive.  These  retjuiro  but  little  apparatus,  and  no  difficulty 
will  be  experienced  in  introducing  them  in  st:hools  with  a  limited 
number  of  students.  With  larger  classes  they  may  serve  as  a 
basis  for  demonstrations.  The  study  of  these  experiments,  even 
if  they  cannot  be  actually  performed,  will  serve  to  render  clear 
to  the  student  many  points  which  he  would  otherwise  find  it  dif- 
ficult to  comprehend;  their  destripiion  should  therefore  form 
part  of  the  text-book. 

When  the  statements  of  different  observers  vary,  or  when 
several  theories  are  advanced,  stress  has  been  placed  on  those 
which  deserve  preference.  Others,  which  are  manifestly  erro- 
neous, have  often  been  omitted  entirely.  Whenever  it  has  l»een 
possible  to  give  a  theor>'  which  accounts  satislactorily  for  a  num- 
ber of  facts,  this  has  been  done. 

To  each  group  is  attached  a  short  section  treating  of  its  thera- 
peutic application.  This  is  further  made  prominent  by  numerous 
compilations  of  drugs  which  may  be  used  to  secure  a  given  re- 
sult ;  of  the  members,  manner  of  action,  and  indications  of  the 
older  therapeutic  groups;  and  by  a  number  of  summaries  giving 
the  treatment  of  common  pathologic  conditions.  These  sum- 
maries are  intended  rather  to  point  out  the  ap])lication  of  phar- 
macology to  practice,  leaving  the  detailed  treatment  of  thera- 
peutics to  text-books  on  physic.     Frequent  cross-references  arc 
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introduced  to  avoid  repetition,  but  the  latter  is  practised  when 
it  has  seemed  advantageous. 

The  subject  of  materia  medica  is  a  vexatious  one  in  medical 
teaching,  from  the  difBculty  of  deciding  how  much  matter  should 
be  included.  This  is  still  more  true  of  a  text -book  intended  at 
once  for  study  and  for  reference.  I  have  aimed  to  limit  the  in- 
formation to  that  which  is  likely  to  be  of  actual  use  in  prescrib- 
ing. .  .  .  Unofficial  preparations  in  common  use,  or  pos- 
sessing advantageous  features,  have  been  freely  introduced, 
preference  being  given  to  those  of  the  "National  Formulary." 

The  subject  of  pharmacy  has  been  similarly  restricted.  Toxi- 
cology is  discussed  in  conjunction  with  the  pharmacolog}'.  A 
superficial  knowledge  of  the  course  of  toxicologic  analysis  is 
essential  to  the  understanding  of  medicolegal  questions.  The 
identification  of  inorganic  poisons  receives  sufficient  treatment  in 
text-books  of  chemistry.  The  organic  poisons  are  generally 
omitted  in  these,  and  indeed  often  require  pharmacologic  expe- 
rience for  their  recognition.  A  very  brief  outline  of  this  subject 
has  been  given  in  a  special  chapter ;  similarly  with  pharmaceutic 
assaying. 

CLEVELA^n>,  Ohio. 
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PART  L 


THE  PREPARATION  AND  PRESCRIBING 
OF  MEDICINES.— TOXICOLOGY. 

CHAPTER  I. 
A.  GENERAL  INTRODUCTION. 

The  term  Phannacologry  is  use<A  in  a  g-eneral  sense  to  cover 
all  scientific  knowledge  pertaining  to  drugs,  i,  c,  to  sub- 
stances which  may  be  used  in  the  treatment  of  disease. 
^fateria  Mcdica,  Pharmacognosy,  and  Phaniiacognrfiltia 
have  the  same  meaning  when  they  are  used  in  a  general 
sense. 

General  Pharmacology  may  be  divided  into  five  branches; 
authors  differ  in  the  names  which  they  apply  to  these  sub- 
divisions. The  following  appear  to  be  the  most  suit- 
able for  medical  science: 

1.  lUteria  Kedica  ( Pharmacographia) ,  deals  with  the 
commercial  and  natural  histor)-  of  drugs:  their  physical  and 
chemic  characters;  gross  and  microscopic  anatomy:  dosage. 
In  this  book,  the  term  will  also  include  the  pharmaceutic 
preparations  of  the  drugs.  The  term  Organic  Materia 
Mcdica  is  limited  to  the  drugs  derived  directly  from  the 
vegetable  or  animal  kingdom.  Pharmacognosy  generally 
signifies  the  anatomic  and  chemic  structure  of  crude  drugs. 

2.  FhATtnacy. —  The  science  and  art  of  preparing  drugs 
for  medical  u.se.  Includes  Metrology  (weights  and  meas- 
ures): Manufacturing,  and  Dispensing. 

S.  Toxicology, —  Pharmacology  applied  to  the  study  of 
poisons;  their  detection,  eflfects.  and  treatment. 

4.  Pbarmacology  proper  (Physiologic  Pharmacology, 
Pharmacoiiynamics). —  Concerns  itself  with  the  reactions 
occurring  l>etween  dnigs  and  living  structures;  often  re- 
stricted to  the  experimental  study  of  the  action  and  fate 
of  drugs   in   the   animal  organism.     (Pharmacodynamics 
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CH.    I. 


is  etymolog;ically  the  most  suitable  term,  but  is  unwieldy). 

6.  Therapeutics. —  The  practical  application  of  Pharma- 
cology and  other  sciences  to  the  treatment  of  disease. 

These  live  subdivisions  comprise  some  minor  branches, 
such  as:  Prescribing;  Incompatibility  and  Solubility;  Ad- 
ministration; Posology  (Doses),  etc. 

For  ihc  systematic  study  of  pharmacology,  it  is  convenient  to  bcgia 
with  pharmacognosy,  pharmacy,  and  other  preparatory  subjects.  In  the 
study  of  pharmacodynamics,  one  may  begin  either  with  the  drugs  which 
act  after  absorption  (Chapter  VIIIJ.  or  with  those  whicli  act  locjiUy, 
wherever  ihey  are  applied  (Chapter  XXVIII).  The  former  is  the 
more  satisfactory  if  t!ie  entire  course  is  to  be  finished  within  one  year, 
and  if  the  student  has  completed  the  study  of  physiology.  Otherwise, 
it  is  advisable  to  omit  Chapters  VIII  to  XXVII  until  the  other  work  is 
concluded. 

B.  ELEMENTS  OF  PHARMACOGNOSY. 

Pharmacognosy  is  that  branch  of  science  which  treats 
of  the  structure  and  cheniic  character  of  drugs. 

The  cnide  organic  drugs  which  form  a  large  part  of  the 
materia  medica  are  ]>rinri]>ally  derived  from  the  vegetable 
kingdom.  Al!  the  different  pnrts  of  a  plant  are  employed. 
The  active  principle  is  often  diffused  throughout  the  plant. 
but  is  generally  more  abundant  in  one  particular  part, 
which  is  then  used. 

I,  GROSS  ANATOMY  OF  PLANTS.' 

1.  XTuderground  Fortionn  of  the  Plant. — Root  (radix): 
that  part,  generally  devoid  of  chlorophyl  ( green  coloring- 
matter),  which  has  not  the  power  of  prcKlucing  leaves. 
R(X>ts  possess  a  bark,  which  is  sometimes  employed  sepa- 
rately (sassafras,  euonymus).  If  the  underground  portion 
does  produce  leaves,  it  is  called  rhizome  (rhizoma).  If 
part  of  the  root  ser\'es  for  the  accumulation  of  reserve  food 
material,  it  becomes  greatly  thickened  and  is  then  called 
tuber?  If  this  accumulation  takes  place  in  the  root-leaves, 
it  forms  a  bulb  (bulbus).^  The  lowest  part  of  the  stem  of 
the  plant  is  often  thickened,  and  is  then  called  conn  (cor- 
mus).^ 

2.  Portions  Above  Ground —  When  the  whole  plant,  with 
the  exception  of  the  rotot,  is  used,  it  is  termed  herb  iherba 
or  species).  This  consists  of  stems,  leaves,  and  often 
flowers  or  fruits. 

*  Coniult    Excrciw    i.  '  Pouto.  J  Onion.  '  Colchicum. 
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GROSS    ANATOMY    OF    PLANTS. 

Sttm, —  With  herby  plants  tliis  is  called  stipes;  with 
larger  plants  it  is  transformed  into  zt^ood  {lignum)  atid  is 
ajvered  with  bark  (cortex),  The  outer  [epidermal)  lay- 
ers of  the  older  bark  are  always  corky.  Inside  of  this  a 
secondary  bark  develops    {Itber). 

The  ieatcs  [folia)  may  consist  of  a  leaf-stem  (petiolns) 
and  the  blade  {lawitw). 

The  shape  of  the  leaves,  the  distribution  of  their  veins,  and  the  char* 
acirr  of  the  edges  are  often  of  importance  in  distinguishing  thcni. 

The  AkK^'cr  (^cj)  must  be  considered  as  a  special  modification  of  the 
Icucit.  It  const^ls  of  the  (usually  green)  calyA-  ( parts  ==  sepals),  of 
the  i usually  colored)  corolla  1  parts  ^  petals)  and  of  the  less  con- 
spicuout  male  and  female  elements  {stamens  and  pistil).  The  former 
bear  the  fertiliiing  element  in  the  form  of  granules  (pollen).  The 
pistil  consists  of  the  ovary,  which  develops  the  seed,  and  the  style  and 
stigma,  which  serve  to  receive  the  pollen.  The  calyx,  corolla,  and  pistil 
M-  stamina  may  be  wanting. 

After  fertilization  the  ovary  develops  into  the  fruit  [fruc- 
tus) ;  this  may  also  involve  neighbi)ring  parts,  especially 
the  top  nf  the  stem,  as  in  the  apjjle.  strawberry,  etc. 

Tlic  fniit  consists  of  the  ottter  portion,  pericarp,  and  tlie 
jctd  (scmi'n).  The  latter  contains  the  embryo  and  nutri- 
tive material.     It  is  |)rotccted  by  a  more  or  less  hard  shell. 

Wlicn  the  embryo  beigiis  to  develop  it  differentiates  inti> 
I  fitollet.  and  a  fleshy  portion,  cotyledon,  which  will  form 
acn^  and  leaves. 

Certain  org^anic  drugs  consist  of  the  coagulated  juices  of 
ifac  plant,  and  do  not  show  any  structure. 


11.  CHEMISTRY  OF  PLANTS.* 

TTir     i-ifmrntary.    or    ultimate,    constituents    of    plants    arc    mainly 
■d  X;  the  chemical  compounds  formed  from  these,  arc  called 
7,v  f'r-ircif'fes  or  constituents  of  the  plant.     The.se  l)clong  to 
tbt  ^  of  proteids,   fats,   carbohydrates,   tannins,   resins, 

4lkAl>  .  I -ids.  tcrprncs,  cic-    The  chemical  structure  of  the 

pUnt  in  most  cases  but  partly  understood.     Plants  aNo 

cont2'  -inic  salts. 

PUnr*-,  iiKT  .niiniils.  consist  of  cells.  These  determine  to  a  larjje  ex- 
rvfTt  only  the  physical  character,  but  also  the  cbemic  composition,  of 
drag. 

"L  TTie  cell-contents  (which  contain  the  nucleus')  consist 
^of  fmnoplasm.     This   may   present    various   ^anular    en- 
consisting  of  proteids  {alcuron)»  starch,  fat,  and 
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mineral  salts  (especially  calcium  oxalate).     They  may  be 
amorphous  or  crystalline. 

Allied  to  the  proteid  enclosures  are  the  Morophyi  gran- 
ules. 


These  consist  of  a  colorless,  spongy,  proteid  groundwork,  containing 
in  its  meshes  the  chlorophyl  pigment.  The  latter  consists  really  of  a 
mixture  of  green  and  yellow  colors  (chlorophyl  and  xanthophyl).* 

These  chlorophyl  granules  are  found  mainly  in  the  higher 
plants,  and  serve  in  the  presence  of  light  to  assimilate  COj. 
and  consequently  to  form  starch,  etc.  The  chlorophyl  is 
insoluble  in  water,  but  soluble  in  alcohol,  ether,  etc.  Dur- 
ing the  process  of  drying,  especially  if  this  occurs  slowly, 
the  pigment  is  acted  on  by  acids,  etc.,  developed  under 
these  conditions,  and  undergoes  various  changes,  usually 
becoming  brown. 

Other  portions  of  the  plant  may  also  contain  coloring- 
matter  of  vorious  nature.  (See  Exercise  3).  These  pro- 
duce the  brown,  etc.,  color  of  the  fluid  preparations. 

The  fat  seems  to  be  deposited  and  formed  much  as  it  is  in 
animals;  /.  e.,  by  the  transformation  of  the  protoplasm. 

Fat  and  fixed  oils  are  compounds  of  fatty  acids  and  gly- 
cerin.    The  most  important  are: 


1 


Fatty  Acids:  Fats: 

Palmitic.  C,.H«0,  1  Palmitin.    C,H.(C,.H„0.)i. 

Margaric.  C,tH.*0.  }  (=  CnH.nO.)    Margarin.  C,H,(Ci7H.O,)., 
Stearic,     C..H«0,  J  etc. 

Oleic.  C»H„0,.  (Glycerin  =  C,H»( OH).). 


They  are  greasy  liquids  or  soft  solids;  when  heated,  they 
undergo  decomposition,  denoted  by  acrid  vapors.  They 
are  insoluble  in  water  or  glycerin,  sparingly  soluble  in 
alcohol,  and  freely  stjluble  in  ether,  chloroform,  benzin.  car- 
bon disulphid,  petroleum,  ether,  turpentine,  etc.,  (fat  sol- 
vents). 

Fat  may  be  seen  in  the  cells  either  as  drops  or  as  crys- 
tals. The  fat  is  most  abundant  in  seeds,  and  may  form 
more  than  half  of  their  weight. 

Starch  fQ,HioOfi)B  is  produced  as  one  of  the  first  stages 
in  the  assimilation  of  COa-  It  occurs  in  the  form  of  gran- 
ules, usually  showing  a  laminated  structure  around  a  center 


'  Tl    i»    fnterestinff    lo    note    that    the 
linTiOBlobiit  gives  rife  to  an  identical  product 
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of    chlorophjrl    and    of 
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(hilus).  The  character  of  this  lamination,  as  well  as  the 
average  shape  and  size  of  the  granules,  are  important  in 
distinguishing  between  different  plants  (Fig.   i). 

Starch  can  be  easily  recognized  by  the  blue  color  which 
it  gives  with  iodin.  It  is  insoluble  in  all  the  ordinary  sol- 
vents, but  with  boiling  water,  swells  and  forms  a  peculiar 
mixture  (paste). 

2.  Besides  these  solid  enclosures,  the  protoplasm  may 
contain  a  large  number  of  substances  in  solution.  These 
may,  however,  also  occur  as  precipitates  under  special  con- 
ditions.    In  dried  plants  they  occur,  of  course,  as  solids. 

Tatmins. —  Under  this  name  is  comprised  an  ill-defined 
class  of  substances,  derivatives  of  benzol,  distinguished  by 
giving  a  bluish  or  greenish  color  with  ferric  salts.  The 
greater  number  also  form  insoluble  compounds  with  other 
metallic  salts,  with  alkaloid,  proteids,  etc.  This  precipita- 
tion leads  to  an  astringent  action. 

The  tannins  have  recently  been  classified  by  their  chemic  composi-- 
tion.     More  convenient  is  the  older  classification  into: 

I.  Physiologic  Tannine. —  Occurring  in  normal  plant  tissnes;  f^iving 
A  gTccn  color  with  iron ;  >'ieiding  pyrocatechin  on  dry  distillation. 
Mo<t  of  these  tannin"!  form  with  connective  tissue  an  extremely  in- 
itolnblc  and  impermeable  compound,  and  are  therefor  used  in  tanning. 
i  Paihologic  Tannins. —  Occurring  in  pathologic  lis«tTies  (galls) ; 
gT%'ing  a  blue  color  with  iron  (changed  to  green  by  acid)  ;  yielding 
IJoI  on  dry  diftillation ;  unsuited  for  tanning.  Certain  tannins 
joco&ids  (r.  g..  cafTeotannic  acids)  ;  others  are  not  {e.  g.,  the  ordi- 
(gallo-)  tannic  acid).    The  latter  is  the  anhydrid  of  gallic  acid. 


/ 


CO.H- 


C,H, 

"^(OH). 
Gallic  acid. 


-H,0=C,.H,eO,. 
Tannin. 


Tmnins  are  colnbic  in  water  and  in  alcohol :  but  «iince  they  form  in- 
Mluhle  compounds  with  so  many  substances,  they  often  occur  in  plants 
w  granular  form. 

Tasinins  are  easily  decomposed  into  resin-like  bodies  called  pMoba- 
^kt9ei.  Tbe^e  exist  naturally  in  plants,  but  are  nsually  found  as  ar- 
libfial  decomposition  products  in  all  extracts.  They  arc  dark-colored, 
lulobte  in  alc«ilioI  and  in  alkaline  liquids,  insoluble  in  water. 

Tannins  and  phlobaphenes,  a^  well  as  most  other  plant  constituents. 

ajT  cisitv  converted  into  a  group  of  substances  called  liutnins.    These 

lit  in  living  tissues,  and  arise  on  the  death  of  the  cells,  by 

-    of  air  and  moisture.    They  cause  the  brown  color  which 

1  nmc  on  drying;  they  are  also  present  in  the  brown  bark. 

,  phlobaphenes,  and  humins  form  a  series,  without  sharp  dc- 
fcarciiioiv  Tliey  are  not  subject  to  the  action  of  bacteria,  and  in 
'ihti  way  protect  plants  against  putrefaction. 
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FIff.    t. —  Microscopic    appearance  of    different   iiarcbts    (aniform    masnifica- 

lion)    (NoelJ :      i.    Arrowroot;    3.    raw  tapioca;    s,    tapioca;    4.    potatn;    5,   galanga; 

6.    Kast    Tndian    armwroot;    7,    fagi';  3.    beans;    9.    rye;    10,    wheat;    11.    barley; 
la,    Indun  cum;    13,   licc;    14.  oata. 
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l*rntrids. —  All  the  (HfTerent  classes  are  represented. 
They  may  be  characterized  by  the  biuret  or  Miilon*s  reac- 
tions. 

Sugar. —  The  various  forms  of  sii^rs  enjoy  a  wide  dis- 
tribution in  the  veii^etable  kingdom,  and  occur  as  cane- 
supar.  dextrose,  levulose,  and  others.  Some  of  these  re- 
duce copper  in  alkaline  solution;  others  do  so  only  after 
inversion.  All  turn  the  plane  of  polarized  light.  They 
are  sfiluhle  in  water;  much  less  so  in  alcohol.  The  most 
inipiirtant  t^'pes  are: 

Glucose  (  next  rose  and  Levulose),  QHiaO,,;  Maltose 
and  Saccharose,  C12H22O1, ;  Mannitc  C,iH,4C\. 

The  other  soluble  carbohydrates  of  plants  have,  for  the 
most  part,  the  same  empiric  formula  as  starch  ( C.tHioOs). 
The  most  important  are  the  gtnns,  which  give  sHmy  solu- 
tions with  water,  and  are  insoluble  in  alcohol.  Pectins  are 
closely  related  substances,  occurring  in  frxiits.  and  causing 
the  b<.>ilcci  fruits  to  set  into  jelly.  Gums  and  pectins  do  not 
coIi'»r  with  iodin;  they  reduce  copper  only  after  inversion. 

Rcshts  are  compounds  of  uncertain  compositions,  nnu- 
volatile.  soluble  in  alcohol,  etc.,  insoluble  in  water  and  in 
petrt>leum  ether.  They  are  contained  in  special  vessels, 
frtjm  which  ihey  are  usually  obtaine<l  as  exuviations  after 
incising  the  plant.  When  they  occur  mixed  with  essential 
nils,  they  are  natural  olenrcsins:  when  mixed  with  ginns. 
gum-ri'Sius.  If  they  contain  aromatic  acids  (cinnamoniic. 
benzoic,  etc..  or  essential  oils),  they  are  called  balsams. 

Essential  Oils  (Volatile  Oils)  are  odorous  principles,  of 
the  physical  characters  of  fatty  oils,  from  which  they  differ 
by  l>eing  volatile  and  soluble  in  alcohol.  They  are  re- 
jponsible  for  the  odor  of  plants. 

ChemJcally  they  belong  \o  various  groups,  hut  tlie  greater  number 
Mtt  derived  frnm  lurpentine  (Ci«Hi«),  and  its  fiotymers.  CwHi..  C»Hii, 
ftc.  Thr=e  constiinti*  the  part  {efrof'trnr)  oi  the  oils  which  remains 
ftoid  "  *      :.  the  liohfi   portion    isli're"f>tvne)   cOiis-i'^U  generally  of 

oxifbT  I.  ts  of  the  above  (Ci..H.jO  to  C.nHK.O).     A  few  oils  aho 

itain  -I'i'niit  or  nitrogen.     Tlic  majority  of  oils  are  mixtures;  some 

ive  the  characters  of  esters,  some  of  aldehydes,  acids,  alcohols,  etc. 


Alkaloids. —  These  comprise  many  of  the  most  active  and 
imiK>rtant  plant  constituents.  They  may  be  defined  as 
rcitural  nitrogeutnis  ortjanic  bases:  ;'.  r..  they  are  organic 
aibstances.  cotitaining  nitrogen.  (>i  basic  character,  com- 
bining  with    acids   without   the   elimination    of   hydrogen. 
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fonning'  well-defined  and  usually  crystalline  salts.  The 
salts  with  halogens  are  called  hydrochloruls.  hydrobromids, 
etc.,  (not  chlorids,  etc.). 

Some  alkaloids  contain  oxygen,  others  do  not.  Those 
containing  oxygen  are  solid  and  comparatively  non-volatile, 
whereas  those  free  from  oxygen  (nicotin  and  coniin)  are 
liquid  and  volatile. 

All  alkaloids  have  certain  properties  in  common:  They 
have  a  Intter  taste,  turn  red  litmus  paper  blue,  have  a  very 
profound  i)hysi(>]<>gic  action,  and  leave  no  postmortem 
changes.  They  are  soluble  in  ether,  chloroform,  and  oils, 
much  less  soluble  in  alcohol,  and  comparatively  insoluble  in 
water.  Alkaloidal  salts,  on  the  other  hand,  have  just  the 
opposite  solubility:  They  are  soluble  in  water  and  alcohol, 
insoluble  in  chloroform  and  ether.  With  the  alkaloidal 
salts,  the  combined  acid  plays  a  prominent  role  in  the  solu- 
bility. 

Alkaloidal  salts  present  the  following  clicmic  reactions 
in  common: 

1.  The  reaction  for  nitrogen. 

2.  They  give  precipitates  with :  Compound  solution  of  iodin. 
mercuric-poiassic  iodic!  (Mayer's  reagent);  phosphomolybdic  acid; 
picric  acid;  gold  chlorid,  platinic  chlorid,  etc.  Many  also  precipitate 
mercuric  chlorid,  potassium  bichromate,  tannin,  etc. 

3.  Many  give  color  reactions  with  concentrated  acids,  with  or  without 
the  addition  of  oxidising  or  reducing  agents. 


The  chemic  constitutwn  of  alkaloids  is  not  fully  understood,  but 
the  greater  number  are  built  up  from  pyridin,  quinolin,  or  pyrrol.  The 
formula  of  nicotin  may  serve  to  illustrate  their  complicated  structure. 
The  elementary  composition  of  the  important  alkaloids  will  be  found 
in  the  appendix. 


Nicotin  : 


H, 
C 


H,C/\CH  —  HcljcH, 
H,C\/CHa 


N 
CHi 


The  discovS'y  of  the  alkaloids  is  an  achievement  of  the  19th  century. 
(Morphin.  by  Sertuerncr.  1805  to  181";  Strychnin,  1818;  Quinin  and 
Caffein,   1820;  Nicotin,  1829:  Atropin,  1833.) 

Occurrence. —  Only  a  few  alkaloids  occur  in  the  animal  kingdom, 
the  most  important  example  being  epinephrin,  the  active  principle  of 
the  "Suprarenal  gland.  Alkaloidal  principles  arc  also  formed  by  the 
action  of  l>acleria,  and  arc  called  ptomains.    Amongst  the  higher  plants 


PLANT    PRINCIPLES. 

the  occurrence  of  alkaloids  is  very  common,  the  same  plant  containing 
usually  several  alkaloids,  which  are  formed  from  one  another.  They 
arc  often  found  in  all  parts  of  the  plants,  but  sometimes  they  arc 
•irictly  localised  in  certain  portions.  Amongst  seeds,  e.  g..  in  aconite, 
in  the  central  part;  in  physosiigma  in  the  cotyledons;  in  datnra,  hyoscy- 
[ipuis  and  atrupa.  in  the  layer  beneath  the  epidermis;  in  nux  vomica, 
fcoth  strychnin  and  bnicin  occur  in  the  endosperm,  brucin  alone  in  the 
embryo. 

Not  all  active  vegetable  principles  are  alkaloids.  A  large 
number  ha\e  neither  acid  nor  basic  characters.  These  are 
called  Nt't4tral  Principles.  If  these  possess  a  markedly  bit- 
ter taste,  and  are  not  very  poisonous,  they  are  termed  Bit- 
ter Principles, 

Glucosids  are  those  principles  which,  subjected  to  the 
^.action  of  ferments  or  of  acids,  >neld  glucose  as  one  of  their 
decomposition  products.  Many  do  not  contain  nitrogen. 
Most  glucosids  are  neutral,  but  a  few  are  alkaloidal. 

Saponins  and  Sapotoxins  are  neutral,  non-nitrogenous 
tKKlies  distinguished  by  foaming  with  waters,  einiilsifyinef 
oils,  atid  laking  red  blood  corpuscles.  Many  have  the 
formula  CbHjd-rOio.     Some  are  glucosids. 

Rcsinoids  are  principles  soluble  in  alcohol  and  insoluble 
in  water.  They  are  generally  mixtures,  often  containing 
true  renins. 

WTiatever  principle  deternilnes  the  physiologic  action  of 
a  drug  is  termed  its  Active  Principle. 

The  juice  of  the  plant  contains  dissolved  in  it  a  large 
iHumber  of  organic  compounds,  such  as  alcohols,  aldchyds, 
Mhcrs,  acids,  aromatic  bodies,  etc. 

Plants  almost  always  contain  coloring-matter,  the  chemic 
nature  of  which  is  often  not  known. 

They  also  contain  a  fair  amount  of  mineral  salts,  which 
temain  as  ashes  when  the  plants  are  incinerated;  ihese  salts 
«ecm  to  be  combined  largely  with  the  protoplasm,  and  exist 
(Qrtly  dissolved,  partly  as  crystals.  Growing  tissues  are 
always  richer  in  salts  than  those  fully  developed. 

By  cxtractizr  matter  is  meant  the  sineary  mass  of  un- 
known composition  which  remains  after  evap<)rating  any 
^tract  from  which  the  important  constituents  have  been 
lovefl. 


laflacn^e  of  the  Ttme  of  Collection  on  the  Constitution  of 
Plants.. —  This  factor  is  often  very  imiiortant.  For  instance,  the  ac- 
?iti.ty  of  the  leave*  of  digitalis  and  hyoscyamirs  is  much  greater  in  the 
Iccivk!   year  of  the  plant   than   in  the   6rst.     The   imsprouted   seed  of 
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strammonium  contains  fifteen  tinK$  as  much  alkaloid  as  the  sprouted 
seed;  even  the  time  of  the  day  may  make  some  difference,  the  leaves 
of  the  cinchona  tree  containing  more  alkaloid  on  bright  days  than  on 
cloudy  days  or  during  the  night.  The  best  time  for  collection  must 
be  ascertained  in  each  case,  but  a;*  a  general  rule,  riwts  arc  l)esl  gath- 
ered after  the  maturity  of  the  plant;  barks  as  soon  as  possible  after 
they  peel  in  the  spring ;  dowers  when  they  first  open ;  seeds.  leaves  and 
herbs,  just  before  they  mature. 

Certain  important  changes  occur  on  drying  and  storing.  These 
often  cause  deterioration  (Ergot,  Indian  Hemp).  On  the  other  hand, 
they  may  be  necessary  to  develop  the  therapeutic  principle  (Cascara, 
Podophyllum). 

III.   HISTOLOGY  OF  THE  CELL.» 

Tlie  form  and  arrangement  of  the  cell  walls  determine 
the  histology  of  the  plant. 

1.  This  cell  wall  consists  originally  of  cellulose.  This 
cellulose  is  chemically  an  isomer  of  starch,  having  the  ele- 
mentary formula  {  CV.I^I|„Ofi)ra.  It  is  insoluble  in  all  the 
(trdinary  solvents,  and  is  not  affected  by  boiling  water.  It 
dissolves  without  change  in  Scliweitzer's  reagent  (am- 
moniated  sohition  of  copper  sulphate).  In  older  cells  it  is 
often  nindilied  by  the  introduction  of  allied  molecules : 
wood  ( li^min')  or  cork  (suberin).  The  cellulose  may  also 
undergo  a  retrograde  metamorphosis  into  gum  or  pectin. 

A  means  of  distinguisliing  lietween  these  compounds  is 
the  action  of  iodin  after  concentrated  sulphuric  acid:  the 
tissue  is  treated  with  a  drop  of  concentrated  H^SO^. 
washed,  and  then  placed  in  iodin  solution;  this  will  give  a 
blue  color  to  cellulose,  but  not  to  lignin  or  cork.  Cellulose 
does  not  easily  take  up  pigments,  lignin  does.  Cork  is  very 
resistant  to  reagents  and  impermeable  to  water,  and  hence 
protects  the  plant  against  evaporation  and  chemic  injury. 

Under  certain  conditions  cellulose  seems  to  be  convcrte*! 
into  gum  or  pectins.  This  transformation  may  also  involve 
the  cell  content.  It  occurs  to  sotnc  extent  normally  in  cer- 
tain tissues,  but  may  become  extremely  abundant  as  the 
result  of  a  pathologic  process.  The  chemistry  of  these 
gimimy  substances  is  but  imperfectly  understood,  but  they 
belong  to  the  carbohydrate  group. 

2.  Forms  of  the  Cell. —  The  cell  may  increase  in  size  and 
in  thickness,  and  assumes  varying  forms.  The  growth  in 
thickness  may  remain  confined  to  the  walls,  so  that  the 
Iimien  may  be  almost  abolished.  In  either  case  it  may  not 
be  uniform  over  the  whole  surface  of  the  wall,  and  in  this 

*  Connilt    Evercis«    i. 
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way  depressions  (pits)  or  elevations  may  be  formed.  The 
latter  may  assume  vari*>us  shapes,  and  occur  as  spirals, 
net-work.  etc.   ( Figs.  2  and  3 ) . 

U  the  cell  wall  becomes  very  thick  and  the  lumen  corre- 
sixmdingly  small,  the  result  is  a  stone  cell  (Fig.  4). 

3*  The  two  ground  forms  of  vegetable  cells  are: 

Parenchyma  {  Fig.  5,  and  Fig.  6,  b)  :  Tiiin-walled  cells 
of  nearly  e«|ual  diameters,  rich  in  protoplasm,  constituting 
the  soft  tissues. 

Proscnchymc  (Fig.  8):  Thick-walled  cells,  lengthened, 
pix>r  in  protoplasm,  found  in  all  hard  tissues. 


/r% 


t 


\ 


V\t.    J. —  Reticular    ihickc-ninif   of    cell    wall 
(ni'ickigcr  and  TKhircb). 


lit-  ^— -  Stone  celU  from  nutsbcll 

mi 


Fi«-   5* —  Parfnchrma  from  eMer  pith 
(FluckiRrr    and    Twhirchj. 


Isektyer   and    Twbirch) 

IV.  THE  TISSUES. 

Tijc  cells  are  united  into  tissues,  which  may  be  classified, 
acrording'  to  structure  and  functions,  into: 
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1.  Dermal:  for  external  protection. 

2.  Supporting:  to  give  solidity. 

3.  Assimilation:  for  assimilation  of  COg. 

4.  Conduction:  for  the  conveyance  of  juices. 

5.  Storage:  for  accumulation  of  resenx  stock  of  water 
and  nutritive  material. 

6.  Aeration:  for  the  conveyance  of  air. 

7.  Glandular:  For  the  elaboration  and  storage  of  secre- 
tions. 

1,  Dermal  TiBsnes — The  epidermis  (Fig.  6,  a)  consists, 

in  the  higher  plants, 
of  one  or  more  lay- 
ers of  flattened  cells, 
generally  possessing 
thickened  walls,  and 
covered  by  a  struc- 
tureless resistant 
membrane,  cuticle. 

The  epidermic 
cells  may  be  trans- 
formed into  hairs 
(trichomata)  (Fig, 
7).  These  may  take 
on  glandular  functions   (elaboration  of  the  essential  oils, 


Ftg.  6. —  rruit-shcU  of  colocynth:  a,  Ejii- 
dermic:  b,  parenchyma;  c,  »clertnchyma  (Fliick* 
igcr   and    Tacbirch). 


rig.  7. —  IlntrB  from  mullein  flower*:  a. 
From  stamina;  b,  from  pctaU  (Kluckiifcr  and 
Tfecbifch). 


lie.  8. —  Bast  cell 
from  cinchona-liar  k 
(Fluckiger  and 
Tscliirch). 


resins,  or  gums) ;  or  they  may  be  transformed  into  spines; 
but  the  latter  generally  contain  wood  also. 
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This  epidermis  is  the  only  covering  of  delicate  plants; 
with  the  larger  species  it  becomes  insufficient.  In  these  it 
is  reinforced  by  the  development  beneath  it  of  the  periderm, 
which  consists  of  cork  cells.  These  arc  also  flattened, 
thick-walletj  cells;  they  contain  air  and  no  protoplasm. 

2.  Supporting  Tissues —  In  younger  tissues  this  function 
is  bnme  by  jjolygonal  cells  {collcnchymo)  with  rather 
thick  walls  and  containing  protoplasm.  In  fully  developed 
plants  this  is  replaced  by  bast  cells  (sderoids)  (Fig.  8); 
I.  c.,  long  cells,  similar  to  stone  cells,  with  very  thick  walls 
and  small  lumen,  containing  air.  They  are  variously  ar- 
ranged, occurring  either  isolated  or  combined  into  definite 
structures. 

3.  Assimilation  Tissues  (for  COj). —  These  consist  of  the 
cells  containing  chlo- 
rophyl-  Since  assimi- 
lation of  carbon  (x:- 
curs  only  in  the  pres- 
ence of  light,  such 
cells  arc  only  found 
on  exposed  portions, 
espcc  ia  Ily  in  llie 
leaves,  and  here  on 
that  side  of  the  leaves 
turned  toward  the 
sky.  The  cells  are  of 
the  parenchjTTia  type, 
and  are  rich  in  proto- 
plasm in  which  chlo- 
mphyl  granules  are 
embedded.  The  cells 
are  usually  arrangerl 
in  palisade  form. 

4.  Conducting     Sys- 
The     leaf-ribs,  v 


Tran5ver»e  fcclion  ihrrmnh  nbrf>> 
vuculur  bundle  of  matfc  stem:  a.  Exterior;  1,10; 
tcriar;   p,  ground    tissue; 


sU;    g.    dotted    vessels 


r,   rinjtvesMis:   j.  spiral 
;    /,    intercelluUr    deft; 

Stems,  and  roots  of  '■  **^  «"*^  "'  ^''^^''*'"  *®"''*- 
plants  are  traversed  by  long  fibrous  structures,  the  fibro- 
vojcular  bundles  (Fig.  9).  These  consist  of  a  number  of 
conducting  elements,  surrounded  and  supported  by  bast 
cells.  The  former  consists  of  several  structures  which  may 
not  all  be  present  in  the  same  bundle.     These  are: 

(a)   The  vessels  proper.     These  are  long  tubes,  formed 
dirot^h   the  disappearance  of  the  separating  wall  of  ad- 
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joining  cells.  The  walls  of  these  tubes  show  various  thick- 
enings, which  serve  in  classify  them  into  ringed,  spiral.  lad- 
der, etc.,  vessels.     (  Fig.  9.  r,  s,  g.) 

ib)  The  trachcids  (wood  cells).  Each  tube  consists  of 
a  single  long  cell  with  rather  heavy  walls.  These  two  sets 
of  vessels  serve  for  the  conduction  of  water.     (Fig.  9.  .r). 

(c)  Wood  parenchyma  (phloem).  Short.  thin-walle<l. 
protoplasmic  cells,  serving  for  the  conduction  and  storage 
of  carbohydrates.      (  P'ig.  9.  i'.) 

The  zi'ood  ( lignum  )  consists  of  these  three  elements,  and 
nf  Ijast  cells;  all  these  are.  nn  the  whole,  arranged  in  the 
long  axis  of  the  stem,  but  are  traversed  radially  by  rows 
of  parenchyma  cells  {medxdhiry  rays).  The  youngest  lay- 
er of  the  \yoc*d  in  dicotyledenous  plants  is  the  cambium. 
consisting  of  tlat  parenchyma  cells. 


Fig.    10. —  I,    Lacteal    veMcli:    0,    calcium    oxalate    crystals:    v. 
(rluckiger    and   Tschircb). 


vtfcalar    bandies 


id)  Another  element  of  the  fibrovascular  bundles  is 
formed  of  the  sinr  tubes,  very  long  cells,  whose  walls  are 
formed  by  delicate  membranes  pierced  with  holes.  They 
sen-e  for  the  crtnduction  of  the  albuminous  elements. 

6.  Storage  System, —  Arrangements  for  the  storage  of  re- 
ser\'e  fc>od  material  exist  in  the  most  varied  organs.  These 
rev.erve  foods  consist  usually  of  soh'd  and  sparingly  soluble 
substances :  starch,  fat,  proteids.  etc.  Water  is  also  storetl. 
The  storage  takes  place  in  the  bodies  of  the  cells  forming 
these  structures. 

6.  System  of  Aeration. —  The  gaseous  metabolism  of 
plants  is  very  important.     An  extensive  system  exists  for 
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"penetration  and  distribution  of  gases.  Tlie  epidermis, 
esix?ciaUy  on  the  under  surface  of  the  leaves,  is  provided 
with  pores  (stomata).  usually  guarded  by  special  cells,  and 
these  communicate  with  clefts  in  the  tissue. 

7.  Glandular  System — -  This  consists  partly  of  cells,  part- 
ly of  tubes.  The  latter  may  be  formed  by  the  breaking- 
down  of  cell  bodies,  or  as  regtdar  ducts,  similar  to  those 
found  in  animal  glands. 

The  glandular  cells  serve  especially  for  the  elaboration 
and  storage  of  ethereal  oils.  They  occur  isolated  and  have 
a  more  or  less  globular  form.  Cells  also  serve  for  the 
elaln^ration  and  storage  of  _^-  -  .  ^rc 
mucilaginous  and  resinous 
substances. 

Tubes. —  The  tubes  for 
milk  juices  are  partly  con- 
ducting, partly  glandular 
in  fimction.  They  arise 
through  the  absorption  of 
the  separating  membrane 
of  cells,  like  the  vessels  of 
the  vascular  bimdles.  but 
usually  <Kcur  isnlate<l  (  Fig. 
10. )  These  cells  were 
originally  filled  with  secre- 
tioo:  caoutchouc  (differing 
from  resin  in  being  insolu- 
ble in  ether ) .  alkaloids 
resins,  oils,  or 
The  side  wall  of 
may  also  disap- 
that  the  contents 


(opium) 
balsams, 
the    cell 

ir. 


so 


Fi..  It. 


.      .  ,,    ,  -_     .        Oil  Hiaccf 

K  m   an    mtercellUlar   space    »'<>"    o^    rhitome    of    .^mtco    momona 


kcck  in  tranivcnc  ice- 
Arnica    montOMH '     /, 
.,  \Vo*Hl-lmn»ltc»;    o,    oil    spacru;    b,    in    procew 

—  rC-^'in  or  oil  S|>aCeS  (f.  g,,  of  fnrmatiMd  l»y  tMriiiK  of  ihr  ground  li»- 
^1  «/  !.».»«  \  t  c;«.  ..  ■"*•  "•  epiblcma  (nxil-cpidcrmisl.  Free  oil 
Oil     Ot     lemon) (  rig.     11,    dropi    are  to   be  seen   in   the  neiBhborhood 

o  and  fr).  *''**'•  '^^ '""" 

These  differ  in  the  manner  of  their  formation  from  the 
secreting  spaces  (Fig.  12,  hg),  which  were  never  cells,  but 
represent  from  their  origin  ducts  like  those  found  in  animal 
mds.  and  are  surrounded  by  special  parenchymatous 
reling  cells  (Fig.   12,  c).     This  formation  is  esjiecially 
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common  in  the  umbelli  ferae,  compositae,  and  coniferse,  in 
which  they  contain  resins  and  essential  oils. 


Fiff.    13.—  Crosssectioa    of    iiinc-wood:    ;f,    Annual    rmKa;    fftt    spnng    wood;    hh* 
fall  wood;  hg,  rcsia  duct;   c.  secreting  cells;  t,  pores;  m,  meoullary  rajra. 


CHAPTER  IL 

PHARMACY;  METROLOGY. 

1.  Deflnition  and  Objecti —  Pharmacy  deals  with  the 
preparatir^n  and  compounding  of  dnigs  for  the  purpose  of 
administration. 

The  necessity  for  such  an  art  will  be  readily  understood.  Drugs  may 
be  divided  according  ro  their  origin  into  mineral,  vegetable,  and  animal 
drugs.  The  last  two  are  often  too  bulky  to  he  conveniently  used,  and 
the  substances  which  determine  their  action  arc  often  in  such  a  condi- 
tion that  they  can  not  readily  be  separated  in  the  body,  and  so  can  not 
develop  their  action.  Further,  one  drug  alone  does  not  usually  meet 
all  the  indications  in  a  disease,  and  when  several  are  given  it  is  neces- 
sary to  combine  them  in  such  a  way  that  they  may  not  interfere  with 
one  another,  either  chemically  or  mechanically.  Lastly,  having  chosen 
and  prepared  the  drugs  in  a  proper  manner,  and  having  decided  how 
to  combine  them,  it  is  highly  desirable  to  give  them  in  such  a  form  as 
will  be  least  objectionable  to  the  taste,  smell,  or  sight  of  the  patient. 

These  constitute  the  objects  of  pharmacy:  the  separa- 
tion of  the  active  principles  of  drugs,  their  combination,  and 
the  putting  of  them  in  a  pleasant  form.  In  regard  to  the 
preparations,  only  those  of  the  drugs  of  organic  origin  — 
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the  "  Galenics/'^  so  called  —  uill  be  treated  of  in  this 
place.  The  preparation  of  inorganic  and  synthetic  com- 
pounds belongs  more  strictly  to  the  domain  of  chemistn\ 

A  certain  degree  uf  uniformity  in  the  strength  and  prepa- 
ration of  pharmaceutic  products  is  absokiteW  indispensable. 
Accordingly,  practically  all  civilized  countries  liave  stand- 
ards established  by  law,  to  which  the  drugs  and  prepara- 
tions in  the  shops  must  conform.  The  bnok  in  which  these 
standards  are  published  is  usually  called  the  Pharmacopivia. 
That  of  the  United  States  was  first  published  in  1820.  and 
is  revised  every  ten  years  by  a  committee  of  physicians  and 
pharmacists.  Preparations  made  in  conformity  to  it  are 
called  official. 

TTie  present  "  Eighth  Decennial  Revision  "  appeared  during  the  sum- 
mer of  igos  and  became  official  on  September  i,  1905.  The  title  is 
c  mmonly  abbreviated  to  "  U.  S.  P.,  8,''  that  of  the  British  Pharma- 
Cupccia  to  "  B.   P." 

The  pharmacopceia  deals  only  with  standard  remedies  in  common 
use.  Alany  other  preparations  are  also  employed.  The  formulae  for 
thfse  arc  usually  taken  from  other  standard  works,  e.  g.,  the  "  National 
Formulary"  (N.  F.)-  Reference  books  which  commend  and  enlarge 
on  the  pharmacopoeia  and  forniularies  are  called  "Dispensatories." 

In  making  pharmaceutic  preparations,  as  also  in  "filling"  prescrip- 
tion?, the  ingredients  are  combined  in  definite  proportions,  by  weight 
or  measure. 

K  discussion  of  the  elementary  principles  of  metrology,  the  science 
of  weights  and  measures,  then,  forms  the  first  topic  treated  of  lu  this 
dwpicr 

2.  Metrology.* —  Formerly  every  conntn-.  even  every  State,  and 
ion>e  cities,  had  their  own  system  of  weights  and  measures,  resulting 
m  tndkis  confusion  and  loss  of  time.  This  state  of  affairs  still  exists 
to  some  extent.  In  the  United  States  and  Great  Britain  no  less  than 
fire  different  systems  are  in  common  use.  It  is  a  hopeful  sign  that 
the  United  States  Pharmacopceia  has  decided  to  employ  tlie  metric  sys- 
tem. Thits  system  originated  in  France  near  the  close  of  the  last 
century.  It  has  been  adopted  in  science  to  the  exclusion  of  all  others, 
*tui  possesses  a  number  of  advantages  which  should  cause  all  other 
systems  to  be  discarded.  This  is  the  present  tendency,  and  the  student 
*hQ  looks  a  few  years  into  the  future  is  urged  to  learn  the  doses  and 
Pftdice  prescription-writing  in  the  metric  system.  Since,  however,  the 
wniinon  systems  are  still  used  in  some  hospitals  and  journals,  the 
«|tiTV»lents  on  pa^e  .j8  should  also  be  mastered,  and  the  conversion  of 
^  systems  practiced. 

A.  The  Metric  System — This  is  based  oti  the  decimal  sys- 
t<nn.  and  has  for  the  unit  the  measure  of  length,  the  meter 
(M.). 

*"G»lenic»"  are,  rtHctly  speaktnrc,  medicines  prepared  after  the  formula* 
^'  Gikeit.  The  icnn  l»  now  uacd  to  desiKnate  standard  preparations  containing 
•••*  01  tTYeral   ornanic  tngtedientt. 

'Consalt    Kxercise    4. 

I— J 
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This  was  intended  to  be  a  natural  unit,  viz.  the  len-millionlh  part  of 
the  distance  from  the  pole  to  the  equator  of  the  earth  at  a  particular 
meridian.  Subsequent  measurements  have  given  a  slightly  different 
vahie  to  this  distance.  The  meter  is  therefor  an  arbitrar>'  standard  — 
the  length  of  a  platinum  bar,  the  original  of  which  i'>  preserved  in 
Paris 


3.a^7043a 


InCH£5. 


I  iff-     i3> — Metric    diagratn  —  com^uirtson    of    measures    of    tength,    capacity,    and 
weight    (Coblrntz). 

The  meter  is  divided  into  lo.  lOO.  and  looo  parts,  called 
respectively  decimeter  (dm.),  centimeter  (cm.),  and  milli-^ 
meter  (  nmi.).  S 

The  contents  of  a  cnbe  whose  edges  measure  a  decimeter 
form  the  imit  of  capacity  (Fig.   13).  the  liter  (L),     The 
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thousandth  part  of  this  is  a  aibic  centimeter  (c.cm..  or. 
briefly,  c.c.)-  The  unit  of  weight  is  given  by  the  weight  of 
a  liter  of  distillefl  water  at  4°  C.  in  vacuo :  this  is  the  kilo- 
gram ^Kg. ).  A  thousandth  part  of  this  is  a  gram  (Gm.). 
A  quantity  ten  times  the  unit  is  expresse<!  by  prefixing  the 
Greek  numeral  Deca;  one  hundred  times.  Hecto;  one  thou- 
sand times.  Kilo,  The  tenth  part  of  the  unit  is  expressed 
by  prefixing  the  Latin  numeral  deci;  one-hundredth,  centi; 
one-thousandth,  milli. 
Thus: 


lono        Gm. 

=  Kiligram 

(Kg.)' 

100 

=  HcctoRram 

(Hg) 

10 

=  Decagram 

(Dg.) 

I           " 

^  nram 

(Gm.) 

0.1 

=  decigram 

<dg.) 

0.01 

=  centigram 

(CK.) 

0.001     " 

=  milligram 

(mg.) 

In  quantities  including  several  denominations  only  one 
unit  is  used:  thus.  1.234  Kg.  would  be  read  as  1234  Gm.; 
0.002  Gm.  as  two  milligrams,  etc.  The  quantities  are  al- 
ways ilenoted  by  Arabic  figures  placed  l>efMre  the  appella- 
tion. Fractional  pai^s  are  always  converted  into  decimal 
fractions. 

In  conttncntal  Europe  the  liquid  measure  is  very  liulc  used  in 
phaTTTiacy.  liquids  bemg  usually  weighed. 

Tftble  I :     Common  Systems  of  Weights  and  measures.^ 
The  denominations  are  the  following: 

APOTHECARIES'  OR  TROY  WEIGHT. 

(l-SKP    IN    rHESClimONS.) 

drain  (gr.) 

(Scruple.    O)       =  ao  ^rs.] 
Orachm.    1 3)        (=  33)  =60  grs. 
Troy   ounce.    (5)  ^85      =  480  grs. 
[Troy  pound  =  12$    =  5760  grs.J 

(5  of  water  under  standard  conditions'  measures  50483  minims.) 


AVOIRDUPOIS  WEIGHT. 
(A  sysTXW  etco  ix  commchce.) 
Grain  =  same  as  Troy  grain. 

Otmce  (oz.)  =    ,  4.17'/4  grains, 

Poimd  (lb.)  =  16  ozs.  =  7000      grains. 
Ton  =  2000  lbs. 

t  %t*mc  ftm^f^n  hffin  nil  the  atihrrvintitma  with  capital!  j  others  emptor 
I^V  r  ■    lirrr    ind    meter,    and    their    multiples:    and    small 

tg%  r  above  list):  (he  latter  plan  bai  some  advanugcs. 

•  I  t»    are    practically    utiM^ctc. 
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UNITED   STATES   APOTHECARIES'   OR  WIKE  MEASURE. 

(used    in    CKtTCO   STATU    tO*    BOTH    rtLlACUlfTlQH    AMU    COUMUICIAL   PUKrOBCS.) 

Minim    (th.)    (approximately   equal  to  one  drop  or  to  one   grain  of 
water  —  more  exactly,  0.95  grain). 

Fluidrachm  (fl3)  =6d  TTV. 

Fluidounce  (flj)  =   8  fl5  =  480  Til    (fljj   of  water  under 

standard  conditions'  weighs  A5^H  grains). 
Pint  (pt.,  or  Octarius,  O)       =  16  ft5  =  7680  n. 
Quart   (qt.)  =  2  pts.  =  32  fij 

Gallon  (gal.,  or  Congius.  C)  =  8  O     =  128  65  =  61440  TH.. 
A  gallon  holds  231  cubic   inches. 

Another  system  of  liquid  measure  is  in  use  in  Great 
Britain,  and  must  not  be  confused  with  the  American  sys- 
tem.    It  is  the 

IMPERIAL   MEASURE. 

UNITCU    STAT«    SYSTEM. 

Minims    <min.)  =  o.g6    Tti 

Fluidrachm  (fl.dr.)  ^  60  min.  =  0.96  rt5 

Fluidonnce  (fl.02:,)  =    8  drachm*  =  0.96  flj 

Pint   (0)  ^  20  fluidounccs  =  i.z  O 

Gallon  (C)  =    8  pints  =  I.2  C     . 

In  writing:  the  apothecaries'  measure  in  prescriptions,  the 
figures  are  written  in  the  Roman  system  an<l  placed  after 
the  ai^pellatiMn.  Thus.  gr.  xx,  not  20  grs.  The  ones  are 
always  d<tlLed,  and  tlie  last  one  is  fjrmed  like  a  j :  thus, 
3iij,  5vj,  etc.  The  fl.  before  the  sign  is  often  omitted  with 
liquids. 

Fractions  are  written  as  common  fractions :  gr.  Vio'  ^^^ 
gr-  0.1. 

Popular  Measure* — These  are  formed  of  utensils  com- 
monly found  in  the  household,  and  are,  of  coiu*se.  very 
inexact.  They  should  be  displaced  by  graduated  medicine 
glasses,  which  can  now  be  obtained  very  cheaply.  Spo<jns 
are  supposed  to  be  filled  so  that  the  fluid  stands  level  with 
the  rim. 

The  usually  accepted  equivalents  of  these  measures  are:* 


I 


I  drop  (gtt.) 

I  teaspoon 

1  dessertspoon 

I  tablespoon 

1  wine-glass 

I  tca-cnp 

1  tumbler 


1  mmim  ^=  0.05  c.  c. 

r  fl3  *  =      4  or    5  c.  c. 

2  tl5  ^      8  or  10  c.  c. 
A  fl3  (Vil)  =    15  or  16  cc. 

2  n.T  =^  50  c.  c. 

4   fi.S  ^  I3S   CO. 

8  fi^  =  200  c.c. 


1  knifepointful   ftablcknife)  "=  15  to  30  grs.  ^  1.0  to  2.0  Gm. 

'  .\t    4*    C.    ami    in    vicuo. 

'  The  equivalents  in   hcsvy  typr  itre  thosr   recofpiifed  by  tbe  U-  S.   P. 

'  As  a  matter  nf  fact,  the  sice  of  a  drop  varies  gjnty  ftccordinf  to  the 
ratarc  of  the  fluid  and  of  tbe  container;  there  may  be  from  50  to  ijo  to  a 
fluid  drachm. 

*  Really    from    }i    to   ^   03. 
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8.  The  nuiti  of  tcmpcratuit  may  also  be  treated  in  this 
place. 

The  scientific  scale  is  the  Centigrade  or  Celsius.  In  this 
the  range  between  the  freezing-point  of  water  (o°  C.)  and 
its  boiling-point  (loo'^  C. )  is  divided  into  loo  parts.  In 
the  Fahrenheit  scale,  in  common  use,  the  freezing-point  of 
water  is  32°  F.,  the  boiling-point  212°  F.,  and  the  range, 
therefore,  180°  F. 


Each  degree  Centigrade  therefore  ^  ^/w  =  "A 
Each  degree  Fahrenheit  ^  'A"    C. 


F. 


The  conversion  of  one  scale"  into  the  other  may  be  done 
by  the  following  rules: 

To  convert  degrees  Centigrade  into  Fahrenheit :  multiply 
by  '/s  and  add  32. 

To  convert  degrees  Fahrenheit  into  Centigrade:  subtract 
32  and  multiply  by  "/,,. 

4.  The  advantages  of  the  metric  system  will  now  be  mani- 
fest 

1.  The  metric  system  is  widely  used,  and  is  understood 
throughout  the  civilizetl  world. 

2.  There  is  a  simple  relation  between  linear,  solid,  and 
liquid  measures. 

3.  The  decimal  feature  determines  great  ease  in  multipli- 
cations, since  only  a  change  of  a  decimal  point  is  required 
lo  change  one  denomination  into  another.  It  is  also  much 
easier  to  write  the  quantities.^  Calculations  involving 
specific  gravity  are  also  much  more  easily  made. 

4.  The  adherents  of  the  common  system  claim  that  it  is 
nwre  convenient.  There  may  be  some  truth  in  this,  for  the 
pain,  minim,  and  drachm  happen  to  be  more  convenient 
(loses  than  the  gram  or  cubic-centimeter.  This  advantage, 
Wcver.  is  insignificant. 

^An  example   will    malce  this  clearer:     Take   40  Gm.:   in   the   United    States 

*>WHD  this  must   be    written  J  J   3 'J    K*"*   ^^'J-     Should   it    be   necessary    to  calcti- 

^  fnt  lime*   ihii   quantity,  one    m u I ti plication    will  suffice    with    the   tnetric   syt- 

^'  sy40'=3oo  Cm.     But  with  the   Apothecaries'  system,  the  operation  would 
^  vncb  more  complicated: 

5  '■<■  ,V     5'i  er.     xvij  =  5  V     5     X  gt.     IxxxT 

^ia    must    be     reduced : 

3x  =5i     3ii 

gr.  lxxxv=  5i  gr.  met 


Aniteer     —  Jvj    5  iij  gr.  xxv 


i 
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5.  Table  II. —  Equivalents  of  Metric  and  Common  Systems. 


SPACE. 


I  meter  =  30^70  inches. 

=  3  ^t    3370  inches. 
^=  1  yd.  3.370  inches. 


I  inch  =  O.OJ54  M. 
I  fi.  ^  30.257  cm. 
I  yd.    =gi.4^o  cm. 


2.54   cm. 


CAPACITY   (United  States), 


I  c.  c. 


16.33  ^^ 

J,  113  pts. 
0.264-2  gal. 


I  115 
I  pt 
I  gal. 


0.0616T  c.  c. 
3.7  cc. 
.2g.574   c.   c. 
0.4731    L. 
3  7854  L. 


I  L.  =  r.760    pints. 
=  0.J209  gallons. 


CAPACITY  (British). 


I  pint      =  0.5679  L. 
I  gallon  =  4-5435  L. 


WEIGHT 


I  mg. 
I  Gm. 


I  Kg    = 


V«      gr. 
15.4.^3      grs. 
0.03527  07.  Av. 
0.03215  3  Troy. 
5.2046  lbs. 


I  gr.         =64.8  mg.  =0.0648  Gm. 
i5  =4  Gm. 

I  07.  Av.  =  :^.34Q5  Gm. 
I  5  Troy  =  31.1035  Gm. 
I  lb.  =    0.4536  Kg. 


The  following  approximflte  equivalents  will  be  found  sufBclei 

for  mo&t  purposes,  and  should  be  memorized: 

APPROXIMATE  EQUIVALENTS. 


1  um.       ^    j_  jg^  grains  or  mm- 

I  c.  c.        )  inis 

I  milligram  =.*/•»  grain. 

I  Liter  =  I  quart    (4-). 

I  Kilogram  ^  2.2  lbs. 


I  grain  or  minim  =  0.065  Gm,  or 

C.C 

I   drachm  ^=^  4.0  ( — ) 

I  ounce  =30.0  ( — ) 

I  pint  =  0.5  Liter  (—J 


INSTRUMENTS  AND  METHODS  OF  METROLOGY. 

6.  Weighing. —  In   dctennining   the   weight   of   a   body,   we   balance 

the  force  which  it  exerts  by  virtue  of  its  gravity,  against  another 
known  force. 

This  is  done  by  means  of  a  balance,  or,  as  it  is  called  when  u^ed 
for  larger  masses,  a  scale.  These  are  constrtscted  on  either  the  spring 
or  lever  principle. 

The  spring  balance  does  not  allow  of  any  great  accuracy,  but  has  the 
advantage  of  cheapness  and  is  very  convenient. 

The  extent  to  which  a  spring  i.s  stretched  by  a  given  weight  is  de- 
termined experimentally,  and  a  scale  constructed  in  this  manner  (see 
Fig.   14)- 

The  Uver  or  beam  balance  compares  the  weight  of  a  substance  with 
a  known  weight  suspended  from  the  other   side  of  the  fulcrum.    The 


>  The  student  should  be  thorouBbly   drilled  in  the   convcriton   of  one 
into  the  other.     This  requires  lome  home- practice. 


k 


ftystem  I 
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arms  of  tht  lever  may  be  equal  (Fig.  15),  when  the  weights  on  the 
two  sides  must  also  be  equal  in  order  that  they  may  balance  tcqiial- 
trm  balance  ^  The  fine  scales  are  ustialiy  constructed  on  tliis  prin- 
ciple. 

Of  the  amij  may  be  unequal  length,  when  the  weight  is  given  by 
the  formula  L  VV  =  L'  W;  where  L^  length  of  beam  and  W  the 
weight:  1.  *■-,  if  W  is  t  and  L  is  i,  then  if  L'  =  2,  W  will  be  ^^. 


Fit.   16. —  Dtaitrafn  of  uncqual-smi  baUnce. 


advantflge  of  this  arrangement  lies  in  the  fact  that  but  one 
fn^ht  h  rnjuired.  the  weighing  being  done  by  shifting  this  on  the 
^  ^ii^ure   r6  iliuitratcs  a  scale  IjuiU  on  thi<  plan.     If  the  weight 

iced   with   IT  at  jt.  then  twice  5  will  be  balanced  at  c.  etc. 
'      ift   also   employed   in    weighing   vcr>*   heavy   substances. 
F  f=^iD  >f  F  5.  then  each  Gm.  placed  on  the  pan  /' 
.u  Cm.  on  S.  etc. 
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The  same  principle  is  used  in  llie  ritier  of  analytic  balances.  The 
arm  is  here  divided  into  ten  parts;  a  rider  of  platinum  wire  weighing 
o.Oi  Gm.  can  be  shifted  along  this  arm,  and  each  division  will,  of 
course,   indicate  Vm  of  o.oi   Gm.  =  i    milligram. 

Some  mcchanicai  features  in  ihc  construclion  of  balances  deserve 
further  mention : 
The  fulcrum  consists,  in  most  balances,  of  a  sharp  prism  of  steel  or, 
in  better  balances,  agate, —  the  so-called  knife-edge, 
—  supported  on  a  steel  or  agate  rest  (Fig.  17). 
The  pans  arc  suspended  from  similar  knife-edges. 
It  is  essential  that  these  three  edges  should  be 
exactly  parallel,  else  the  shifting  of  the  position 
of  the  weight  on  the  pan  will  make  a  diflferencc. 

In  the  torsion  balance  the  fulcrum  is  formed  by  a 
tightly  stretched  wire  firmly  fixed  to  the  beam  and 
supporting  it.  The  movements  of  the  latter  cause 
torsion  of  the  wire.  This  avoids  the  wearing  of 
the    knife-edge. 

In  the  finer  balances  a  pointer  is  attached  to  the  center  of  the  beam 
to  facilitate  the  observation  of  its  movements.  It  is  not  necessary  to 
wait  until  the  pointer  comes  to  rest;  balance  is  secured  when  it  swings 
to  the  same  extent  on  each  side. 

Two  screws  at  the  ends  of  the  beam  permit  of  balancing  the  two 
arms.  Some  mechanism  exists  in  all  balances  for  arresting  the  swing 
of  the  beam. 

Liquids  arc  weighed  by  counterbalancing  (taring)  the  empty  con- 
tainer, placing  the  required  weight  on  the  other  scale-pan,  and  then 
adding  the  liquid  unlit  the  balance  t«;  restored. 


FtB. 


17.—  Knife- 

cdKC. 


Fia.   iB.—        Fin.     19. —  Cylin- 
Mcniscus.  dric     graduate. 


Fig.      JO.—  Conical 
■raduate. 


Fig.     11.— Mca»- 
uHns   Aaak. 


7.  Measuring  is  done  in  graduated  vessels,  usually  of  glass 
("graduates ").  Several  points  must  be  kept  in  mind:  The  vessel 
containing  the  liquid  must  be  held  so  that  the  lc>*cl  of  the  liquid  is 
in  a  perfectly  horizontal  plane,  and  at  the  same  height  as  the  eye. 
This  is  greatly  facilitated  by  having  the  marks  encircle  the  graduate. 
The  possibility  of  error  is  the  greater,  the  broader  the  surface.     Owing 

■  Greater   accuracy   may   therefore   be   nttained   if   the   mcftsuring  vessel  is   as 
narrow  as  poctible   wncre  ibe'  reading   ii  taken. 


MEASURING   VESSELS, 
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to  capillary  attraction,  ihc  surface  oi  the  liquid  is  always  cupped,  pro 
duang  the  "meniscus"  (Fig.  18).  The  reading  should  be  taken  at 
the  lowest  level  of  the  meniscus.  Measuring  Hasks  and  "  graduates" 
i  t..  the  vesseU  used  for  measuring  larger  quantities,  are  graduated 
for  contents;  i.  c,  the  quantity  read  is  the  quantity  contained  in  them. 
\iltilft  pipettes  and  burettes  are  graduated  for  outflow:  the  quantity 
read  i«  the  quantity  which  will  flow  from  them. 

Since  the  volume  of  liquids  varies  with  the  Umperature,  readings 
should  be  made  at  the  temperature  for  which  the  measures  are  ad- 
justed—  approximately    room   temperature.* 

Graduates  arc  of  two  shapes,  cylindric  (Fig.  19)  and  conical  (Fig. 
ao).  Each  has  its  advantages.  The  former,  which  is  usually  em- 
ployed m  scientific  laboratories,  allows  measuring  the  liquid  with  equal 


fi^    «.—  Pipette*. 


Fib.     «3. —  Burette. 


*J^cy  at  all  heights.  The  conical  graduate,  on  the  other  hand, 
J^lo*>  miallcr  quantities  to  be  measured  with  greater  accuracy  than 
"ttr  one*,  and  facilitates  cleaning.  Measuring  flasks  are  the  only 
*^«e  method  of  measuring  large  quantities  of  liquids,  since  the 
"^ing  part  is  very  greatly  constricted   (Fig.  21). 

^w  tmalicT  amounts  pipettes  (Fig.  22)  and  burettes  (Fig.  23)  arc 
""ployed. 

'0  facilitate  the  reading  of  the  latter  Erdmann's  /loat  (Fig.  24)  is 
Jj^  convenient  aid,  The  reading  is  made  from  the  mark  on  the 
*^  A  cheaper  way  is  to  use  a  card  with  a  horizontal  line  which  is 
•njwied  to  the  lowest  part  of  the  meniscus. 

*Tfce  prtMnt  V.   S.  P.  directs  n*  C— 77*  F- 
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A  topic  closely  rclatfd  to  this  of  metrology  is  that  of 
8,  Specific  Gravity.—  This  may  be  derined  as  the  ratio  of  the 
weight  of  a  given  substance  to  the  weight  of  an  equal  volume  of  a 
standard.  The  V.  S.  P.  standard  for  liquids  or  solids  is  (in  phar- 
macy) distilled  water  at  2$^  C  (77*  F.).  the  specific  gravity  of  the 
liquid  being  taken  at  the  same  temperature/ 

Methods  of  Detcnnining  Specific  Graz'ity, — 

In  principle,  the  weight  and  volume  of  the  substance  must  be  deter- 
mined, Since  I  c.c.  of  the  standard  (water)  weighs  l  Gm.,  it  is  only 
necessary  to  divide  the  weight  in  grams  by  the  volume  in  cc.  to  ob- 
tain the  specific  gravity. 

\V  (Gm.) 

Sp.  G.  = 

V  (c.c.) 
The  details  must  vary  with  the  physical  nature  of  the  substance. 


I 


Fig.  24. —  Rrdmann'a  float. 


25.—  Pycnoiiieier. 


1.  Liquids. —  I.  Pycnomcter  (Fig.  25). —  A  flask  whose  net  weight 
is  known,  and  also  its  weight'  when  filled  to  the  mark  with  water  at 
25°  C,  is  filled  with  the  liquid  whose  specific  gravity  is  to  be  deter- 
mined, and  again  weighed. 

Bxamptc: 

Weight  of  pycnometer  filled   with  water  ^56.5511 

empty  =  -'7.0758 

"     water  =29.4753 

Weight  of  pycnometer   filled   with  liquid  ^60.2476 

=  J7.o758 
"     liquid  =33.1718 

Specific    gravity    of    liquid  =  33.i7!8H- 29.4753  =  1. 1254 

This  is  the  most  accurate  method  of  determining  the  specific  gravity 
of  liquids. 

2.  By  the  hss  of  weight  of  a  solid.    A  body  immersed  in  a  liqtiid 

*  Alcohol   is     the   only  cxcerHion  to  this,  its   tpccific  Ki'Avity   bdoff  tftlcen   tt 
60*  F.     The  solubility  data  of  ibe  U.  S.  P.  ftlso  refer  to  as*  C. 


SPECIFIC   GRAVITY. 

the  weight  of  us  own  volume  of  the  liquid.     The  detcnnination 
h  done  most  conveniently  with  a  specific  gravity  balance  (Fig.  2b). 
ExampU . 

A  50  Gno.  weight  weighs  in  distilled  water  24.J6  Gm. 
Loss  ol  weight  =  25 64  Cm. ^volume  of  the  weight. 
The  same  weight  weighs  in  the  liquid  20.15  Gm. 
Loss  of  weight  =  j<>-o5  Gm.  ^weight  of  equal  volume  of  fluid. 
Specific   gravity  29.854-25.6^  =  1.164. 

\  Areotmters  (Fig.  27). —  These  are  adjusted  to  sink  in  the  liquid 
to  the  mark  on  the  stem  corresponding  to  the  specific  gravity  of  the 
liquid-  They  are  not  usually  very  accurate,  but  are  very  convenient 
fuf  (irdiiiary  purposes,  such  as  the  clinical  examination  of  urine,  etc. 
^iinnomcter).  Formerly  they  were  graduated  in  artificial  scales,  but 
present  tbey  arc  made  50  that  the  specific  gravity  may  be  read  off 


IV-    »*  —  Sp^^fic    i;r»vii>    balance.  Fig,    -7-^  Areometer. 

If.  SoHJft. —  Thtfse  are  weighed  in  the  usual  manner.    The  method 
■   deierniinaiirin  of  the  volume  mast  vary  in  different  cases. 
'-'  need  not  enter. 
ric  gravity  is  of  use  in  calcHlaiing  the  weight  or  volume  af 

*  ■  uctcjnrine  the  weight  of  a  given  volume  of  a  substance,  multiply 

thi>  ToJtime  by  the  specific  gravity:  weight  ^volume  X  specific  gravity 

To  determine  the  volume  of  a  given  weight,  divide  the   weight  b> 

weight 

tiw  tpedfic  giarUy:  volume  =  — 

specific  gravity 

A   tenn    which   is   sometimes   used   h   the   ** specific   volume"    the 
of    a    substance    compared    with    the    volume    of    the    same 
of  ibe  standard     It  is  the  reciprocal  of  the  specific  gravity : 


volinoe 


specific  gravity 
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CHAPTER  III. 
PHARMACEUTIC  METHODS.^ 

In  the  making  of  pharmaceutic  products  very  different 

methods  must  be  used,  depending  upon  the  physical  and 
chemic  nature  of  the  crude  drug,  and  upon  the  character  of 
the  desired  product. 

These  may  be  roughly  classified  into  those  used  in  the 
making  of  many  different  preparations. —  general  methods, 

—  and  those  used  in  only  a  very  limited  number  of  cases 

—  special  methods. 

The  methods  can  be  best  understood  when  studie<I  in  the 
order  in  which  they  are  usually  applie<l  to  the  drug. 


I.  PREPARATORY  PROCESSES. 


tion  1 


De&iccation  or  Drying; —  This  is  usually  the  first  operat 
to  which  the  cnide  drugs  are  subjecte<l  after  their  collec- 
tion.    It  serves  a  threefold  purpose :     It  reduces  the  bulk, 
assists  preservation,  and  facilitates  comminution. 

Formerly  tht  Hn-ing  was  done  by  spreading  or  hanging  the  drugs 
in  airy  lofls.  At  present  ihey  are  usually  placed  on  perforated  trays 
in  special  drying  closets  and  heated  artificially  (steam,  etc.).  They 
are  often  cut  into  smaller  pieces  before  this  drying.  The  degree  of 
heat  must  not  be  so  high  as  to  injure  the  sometimes  very  unstable  in- 
gredients.' 

Comminution —  The  next  step  is  comminution,  or  reduc- 
ing* of  the  substance  to  smaller  pieces. 

This  is  usually  done  by  machinery.  Crude  vegetable  drugs  arc  first 
sliced  or  chopped,  often  before  drying.  They  arc  then  bruised  by 
pounding  in  a  mortar  and  finally  ground,  the  finer  grades  of  powder? 
often  several  times,  the  grinding  surfaces  being  brought  closer  to- 
gether each  time.  The  mills  for  this  purpose  are  constructed  on  the 
same  general  principles  as  flouring  mills,  employing  stones,  rollers,  etc. 
The  details  of  the  process  used  depend  upon  the  physical  character  of 
the  drug.  A  fibrous  material  like  licorice  root  requires  a  different 
process  from  a  friable  substance  like  gum  acacia. 

On  the  small  scale,  drug  mills,  constructed  more  or  less  on  the 
principle  of  the  coffee-mill,  are  used  for  fibrous,  and  mortar  and  pestle 

*  Excrcitc   $. 

»The  U.   S.  P.  derijtnatw  jj  lo  39'  C.  as  "  Kcnttc  heat." 
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for  friable  drugs.     Mortars  are  made  of  iron,  wedgewood,  porcelain, 
and  glass.      (Fig.  38.) 

Trituration  is  the  process  of  rubbing  (not  pounding)  a 
substance  to  a  powder  in  a  mortar. 

Some  points  deserve  special  mention.  Often  a  substance  will  not 
powder  by  itself,  but  will  do  so  when  mixed  with  another  substance — 
e.  g.,  sugar  of  milk.  Thi^  is  called  "  pulverization  by  intervention.'* 
Someiimci  it  is  well  to  moisten  the  drug  —  e.  g,  camphor  with  alcohol, 
nux  vomica  with  steam,  etc. 

In  the  process  of  percolation,  presently  to  be  described,  it  is  often 
ojcmial  to  use  a  powder  of  a  certain  degree  of  fineness.     The  powder* 


Fig.   iS. —  Mortar*:   a,   Wedgewood  or    porcelain;   b.   iron. 

«rt  therefore   sifted,   and   are   classified   according   to   the   size   of   the 
lunhes  of  the  sieve  through  which  they  pass,  thus: 

No.  80^80  meshes  to  linear  inch,  very  fine. 

"60  =  60        "       fine. 

moderately  fine. 


50  — 
40  = 


coarse. 


coarse. 


Sinct  the  diflfercnt  structures  in  a  crude  drug  do  not  powder  with 
ttjial  readiness,  it  is  essential  that  the  whole  of  the  drug  to  be  pow- 
•Ifffd  shotitd  be  passed  through  the  sieve,  else  the  diflfercnt  portions 
•ill  not  have  the  same  composition. 

To  obtuin  very  fine  powders  of  an  insoluble  substance,  it  may  be 
''^iaud.*  The  process  of  dccanlalion  {elutriation)  is  also  employed 
10  separate  very  fine  powders,  as  chalk. 

II.  PROCESSES  OF  SEPARATION. 

For  the  separation  of  the  desired  ingredients  from  the 
mm  material  three  methods  are  in  vogue,  depending  upon 
the  nature  of  the  active  constituents.  If  volatile  constitu- 
tes arc  10  l>e  separated,  this  may  be  readily  done  by  the 
application  of  heat  —  distillation  and  sublimation.  If  they 
^c  not  volatile,  the  separation  is  usually  effected  by  ex- 


*M«ile  into  a  thick  paste   w'.lh   water  and   rubbeJ   between  two  i>o1islied  slabs. 
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cn.  in. 


posing  the  drug  to  the  action  of  some  solvent  in  which  the 
desired  princi|)les  are  sohible.  and  the  rest,  as  far  as  may  be, 
are  insoluble.  In  certain  cases  some  mechanical  means  are 
sufficient,  as  in  the  separation  of  fixed  oils  from  seeds,  etc.. 
by  pressure. 

Separation  by  Heans  of  Heat —  This  may  be  done  when- 
ever the  substances  to  be  separated  have  a  different  boiling- 
point,  and  are  not  themselves  destroyed  by  the  necessary 
degree  of  heat.  The  methods  used  must  vary  according 
to  whether  the  fixed  or  the  volatile  portion  is  desiretl.  and. 
if  the  latter,  according  to  whether  it  i*^  liquid  or  solid. 

Desiccation,  Torref  action,  Carbonization,  Ignition. — 
With  all  these,  the  object  is  to  drive  off  some  volatile  con- 
stituent from  a  solid,  the  fixed  residue  being  the  portion 
desired. 


Dcftiecator. 


Fir.    30. 


CnniMant   level    water-bath, 
(Coblcatx.) 


When  the  heat  employed  is  of  such  degree  as  not  to 
change  the  chemic  c<Mnp«:»sition.  the  process  is  spoken  of  as 
desiccation.     This  has  been  partly  discussed  on  page  44. 

For  some  purposes  it  is  necessary  to  modify  this  process.  H  the 
last  traces  of  moisture  are  to  be  removed,  it  is  necessary  to  employ 
heat  abox-c  that  of  hoilinif  water,  say  no"  to  T.'0°  C,  and  the  heating 
must  be  continued  for  some  time.  "VVhen  such  Iieat  is  injurious  to  the 
substance,  the  same  object  may  be  accomplished  by  drying  in  vacuo 
(p.  48)  or  by  placing  the  sub-ttance  in  a  desiccator  (Ilg.  2()^  over 
some  hygroscopic  substance  —  CaCl,,  or  preferably,  concentrated  sul- 
phuric acid.  A  substance  or  vessel  which  has  been  heated  and  which 
is  to  be  weighed  must  always  he  placed  in  a  desiccator  to  cool,  since 
moisture  is  very  rapidly  attracted  from  the  atmosphere. 

Torre f actio ff. —  The  process  of  roasting;  the  object  be- 
ing to  employ  such  a  degree  of  heat  as  will  alter  some  of  the 
constittients  without  affecting  others.  The  roasting  of  cof- 
fee is  a  familiar  example. 

Carhouizaiion. —  The  heating  of  organic  substances  un- 
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exclusion  of  air.  The  object  is  lo  destroy  the  chemic 
composition  without  oxidation;  carbon  results  in  the  pro- 
cess (vegetable  or  animal  charcoal). 

Ignition, —  This  is  the  process  of  strongly  heating  a  sub- 
stance, usually  in  a  crucible,  with  full  access  of  air,  so  as  to 
effect  complete  oxidation ;  nothing  but  the  ashes  remain. 

The  methr>ds  are  discussed  in  text-books  on  analytic 
chemistry. 

Evaporation  consists  in  vaporizing  the  solvent  from  a 
soiuiif 'n,  the  object  being  the  concentration  of  the  dissolved 
substance. 


1>   ji  —  Thermo- 
trfuUtor. 


Fig,  jj.—  Apparatxu   for  evaporation   in  a  vacuum 
witb    current    of    dry    air. 


Since  ihe  rapidity  of  the  evaporation,  aside  from  the  quantity  of 
"'"  •  '  ',  dc-|>ends  upon  the  exiciu  of  the  liquid  exposed  to  the  air 
heat,  dishrs  as  flat  as  iwssiblc  are  chosen.  For  ordinary 
.v^  mUc  and  chemic  purposes,  tliosc  made  of  porcelain  are  of 
r<*jncnl  ^ervtcc.  Vessels  made  of  glass,  iron,  plalinum,  etc, 
)licaiion  in  special  cases.  The  heal  may  be  applied  directly,  say 
K  of  a  Bunsen  Bame.  only  a  piece  of  wire  gauze  or  a  plate  of 
or  iron  being  interposed.  This  method  can  be  used  only  when 
U  no  danger  of  injuring  the  solution  by  excessive  heat,  either 
^"^  iobstance  heing  incapable  of  change,  or  the  solvent  sufficient  in 
™oont  so  that  the  temperature  cannot  rise  much  beyond  its  boiling- 
P^ofi  H  this  is  not  the  case,  some  method  must  be  used  of  regulating 
""  ""  I  of  heat  applied,  and  this  is  done  by  applying  the  heat 
rough  a  bath.  This  consists  of  an  outer  vessel  filled  with 
^ u,iin),  oil,  sand,  or  air. 


48 


PHARMACEUTIC    METHODS. 


The  water  and  oil  baths  can  only  be  used  for  temperatures  below 
the  boiling-point  of  these  liquids.  This  is  rather  higher  for  oih, 
but  these  possess  the  disadvantage  that  irritating  vaptirs  arise  from 
them.  On  the  other  hand,  oi!  does  not  evaporate  as  docs  water. 
Water-baths  require  constant  attention  to  prevent  them  from  drying. 
Constant  level  water-baths  have  been  devised  to  obviate  this  difficulty. 
They  are  constructed  either  on  the  principle  of  Mariotte's  bottle,  or 
by  passing  a  continuous  stream  of  water  through  the  outer  vessels. 
(Fig.  30.) 

Steam  is  sometimes  used  instead  of  water. 

Air-  and  sand-baths  are  capable  of  regulation  at  any  temperature. 
The  latter,  however,  are  frequently  used  merely  for  the  purpose  of 
moderating  and  equah/.inR  the  heat.  Air-baths  may  be  improvised  by 
covering  a  tin  pan  with  a  sheet  of  iron.  A  much  better  method  is  by 
means  of  an  oven,  which  may  be  covered  with  asbestos. 

For  keeping  the  temperatures  of  air  and  water  ovens  constant,  va- 
rious thermoregulalors  are  used  of  which  figure  31  is  an  example. 


Fif.  33* —  i'rinci|)l«  of  filter-punip. 


Fig.  34. —  Sublimation  of  benzoic  acid. 
(Colilenu.) 


The  rapidity  of  evaporation  may  be  considerably  increased  by  itirring^ 
thus  exposing  a  constantly  renewed  surface  to  the  air.  The  same  ob- 
ject may  be  secured  by  creating  a  current  after  the  manner  of  a 
smokestack,  by  supporting  an  inverted  funnel  over  the  evaporating 
dish. 

In  cases  where  the  evaporation  must  be  carried  on  at  a  temperature 
below  the  boiling-point  of  the  solvent,  this  may  be  done  either  by 
evaporation  over  HiSO*.  or  in  a  vacuum,  or  by  passing  a  current  of 
dried  air  through  the  liquid.  Figure  32  shows  an  apparatus  for  the 
evaporation  of  liquid  at  low  temperature,  combining  vacuum  and  fine 
stream  of  dried  air.  The  tube  which  carries  the  air  must  have  a  fine 
capillary  opening.  Figure  33  shows  the  principle  of  the  ordinary 
water  filter-pump  used  to  produce  the  vacuum. 

The  evaporation  which  occurs  from  the  surface  of  a  liquid  exposed 
to  air  at  ordinary  temperature  is  called  "  surface  evaporation."  It 
varies  in  quantity  with  the  amoimt  of  surface  exposed  and  with  the 
temperature  and  dryness  of  the  air. 

When  very  inflammable  liquids   (ether)   are  being  evaporated,   this 
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should  be  done  on  a  large  water-bath,  and  the  Bunsen  flame  should  be 
protected  by  wire  gauze. 

Sublimation. —  The  process  of  separating  a  volatile  from 
a  non-volatile  solid. 


Fig.  55. —  Slill,   Licbig'k  comknser,  and   receiver. 


Fig.   36. —  Still,   worm   condenser,   and   receiver. 

fTV  difference  between  sublimation  and  distillation  consists  in  this, 
™f  T*^  '     t  is  solid  in  ihe  former,  liquid  in  the  latter.) 

J-  one  in  a  distilling  apparatus,  provided  that  the  cooling 

w^  ...,  -,  iM,.^nt  lumen  to  prevent  il*  clogging  by  the  condensation 
^  i(i(  sublimate-  The  apparatus  i?,  however,  usually  modified.  A 
'"^U  illu«ration  of  this  process  is  the  old  method  of  manufacturing 
^:r)ic  add  from  gum  benzoin,  a  paper  hood  being  used  as  condenser. 

Distillation.^ — The  typical  apparatus  used  for  distilla- 
^'n  consists  of  three  parts  (  Figs.  35  and  36)  : 

^AAhioorh  tht«    W    «uch    a   ready    and    simple    means    of   separstioo    that    one 

•*■■  Ihlak     '  «t    have    been    discovenJ    at    a    very   early    time;,    such    does 

^Mor  -  .->    the   cose.     We  find  the    first  record  o<  it  in  the  writ- 

■P  «  ibe    ,  i.ny  alchemisis. 
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The  Still,  the  vessel  in  which  the  vapor  is  generated. 

The  condenser,  the  apparatus  in  which  the  vapor  is 
cooled. 

The  receiver,  for  receiving  the  condensed  product. 

The  Still. —  This  consists  of  either  a  retort,  an  alembic, 
or  a  flask. 


The  retort  is  illustrated  by  figure  ,37.  The  bend  at  X  should  go  a* 
far  as  possible  inward,  so  as  lo  prevent  the  carrying  over  of  liquid. 
In  filling  a  retort,  care  must  be  used  not  to  get  any  liquid  in  the 
neck.  A  funnel  with  a  long  tube  attached  must  therefore  be  used. 
An  opening  (tubulure)  at  a  is  convenient  tor  filling  and  for  holding 
a  thermometer. 

The  alembic  is  the  old-time  still,  and  differs  from  the  retort  in  hav- 
ing a  chamber  (helm  or  hood)  where  the  vapor  is  partly  condensed. 
By  fitting  the  helm  on  ti?e  body  with  a  flange  joint  a  very  wide  opening 
can  be  secured,  which  is  of  use  in  cleaning. 

Flasks  with  perforated  corks  answer  for  most  purposes.  The  cork 
should  contain  two  holes,  to  allow  the  introduction  of  a  thermometer. 
To  prevent  the  projection  of  liquid  into  the  delivery  tube  during  too 
violent  boiling,  the  upright  limb  can  be  expanded  into  a  bulb. 

Liquids  in  contact  with  very  smooth  surfaces  —  1.  e.,  in  glass  ves- 
sels—  may  be  heated  to  a  temperature  considerably  above  their 
"boiling-point."  when  the  vapor  is  suddenly  disengaged,  and  causes 
"  butfiping."  This  may  he  avoided  by  introducing  some  irregular 
bodies  into  the  flask  —  glass,  zinc,  pumiceslone,  platinum  wire,  etc., 
according  to  the  nature  of  the  liquid;  or  by  passing  a  fine  current  of 
air  through  the  liquid. 


I 


The  Condenser. —  The  object  of  this  apparatus  is  to  cool 
and  consequently  condense  the  vapors  which  have  been 
formed  in  the  heated  still. 

With  substances  having  a  very  high  boiling-point,  above  150*  C.  the 
air  alone  may  be  sufficient  to  effect  condensation.  With  most  sub- 
stances, however,  a  constantly  renewed  layer  of  cold  water  is  neces- 

sary* 

The  form  of  condenser  which  is  most  wscd  in  laboratories  on  account 
of  its  convenience  is  the  Liebig's  (Fig.  35), 

The  ivorm  offers  a  larger  surface  (Fig.  36). 
As  receiver,  a  common  flask   or  breaker  is  ordinarily 
used.* 


I 
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The  heating  of  the  retort  may  be  done  in  any  of  the  ways  mentioned 
under  evaporation,  With  substances  which  are  injured  by  being  heated 
alone,  the  distillation  is  done  by  a  current  of  steam  generated  in  an- 
other vessel. 

» It  wontd  be  without  the  *coiie  of  this  trentiM  to  enteT  inio  the  methcMl  of 
glaw-blowinB.  cnrVbnrinc,  etc..  which  are  needed  in  fitting  up  a  ttill.  Stick 
will  he  fotjnd   in  most  elementary  Text-books  on   chemistry. 


.   •  •    •  • 


I 


SOLUTION.  51 

Fractional  distillation  is  the  process  of  separating  a  mix- 
ture of  liquids  of  different  boiling-points  by  distillation. 

This  cannoi  be  done  with  any  degree  of  completeness  unless  the 
boiling-points  lie  far  apart.  The  separation,  however,  will  be  the 
,8>ore  er.niplcie,  the  more  exactly  the  temperature  can  be  observed  and 

iiTolled.  The  thermomeicr-bulh  must  be  adjusted  at  the  level 
where  the  vapors  leave  the  flask.  This  is  facilitated  by  using  "  frac- 
liona!  disiillation  flasks"  (Fig.  .^). 

Destructive  distillation  is  the  name  applied  to  the  process 
,of  heating  a  substance  so  strongly  as  to  decompose  it,  and 
Collecting  the  volatile  products  arising  from  this  decom- 
pTisition:  1.  c,  in  the  case  of  organic  bodies,  tar. 

Solution. —  This  consists  of  incorporating  a  solid  into  a 
liquid  in  a  state  of  "  molecular  subdivision." 


Fif.    J7. —  riUini   a   retort.      Fig    38. —  Fractionaal   dUUlUition    fluk. 

That  is,  the  molecules  of  the  solid  diffuse  themselves  in  the  liquid 
and  become  so  widely  separated  that  no  solid  particles  are  by  any 
wean*  di^emible.  In  other  words,  the  solid  is  liquefied  and  its 
VKilecules  intermingle  wirh  those  of  the  solvent. 

A  simfiU  solutitm  is  one  occurring  in  the  manner  described,  the 
change  in  the  solid  being  physical.  When  a  chemic  change  takes 
place,  the  proce<.s  is  called  ckctnic  solution  (such  as  the  solution  of  a 
meul  in  an  acid). 

A  solvent  is  capable,  under  given  conditions,  of  dissolving  but  a 
lixnited  amount  of  a  given  solid.  A  solution  which  contains  as  much 
the  solid  as  the  liquid  can  dissolve  under  thcie  conditions  is  called 
^ated  solution.  The  condition  which  has  the  greatest  influence 
tolubility  is  the  temperature.    A  liquid  can  usually  dissolve  the 

»re  of  the  solid,  the  higher  the  temperature.  There  are,  however,  a 
rw  exceptions  to  thi«  rule. 

If  a  solution  saturated  at  a  high  temperature  is  allowed  to  cool,  the 

iginally  dissolved  substance  will  he  in  excess  of  saturation.  Under 
C"'-'^'"  -^ndilions  it  may  slill  remain  in  solution  at  the  lower  tem- 
[  his    iK'ing   a    supersaturated    solution.     Ordinarily,    however, 

t  :   will   separate,  usually   in  cr>stal!ine  form.     This  process  is 

called  crystolUsction,    It  is  frequently  used  as  a  means  of  purification. 
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A  solution  which  conlains  less  of  the  solid  than  it  15  capable  of  dis- 
solving is  an  unsaturated  solution.  A  solutiun  which  is  balurated  with 
one  substance  is  siill  capable  of  dissolving  others,  though  not  as  much 
as  if  it  were  the  pure  solvent. 

Solution  is  effected  by  placing  the  solvent  in  contact  with  the  sub- 
stance to  be  dissolved.  The  process  may  he  hastened  by  applying  heat, 
or  by  exposing  the  largest  possible  surface  to  the  action  of  the  solvent. 
The  latter  may  be  done  by  using  the  substance  in  a  pulverized  condi- 
tion, and  by  constant  stirring.  With  circulatory  solution  the  substance 
is  suspended  near  the  surface  of  the  solvent.  As  this  takes  up  the 
substance,  it  gains  in  specific  gravity,  and  hence  sink.s  to  the  bottom, 
a  new  portion  of  liquid  taking  its  place.  (Fig. 
39.)  The  same  object  may  be  secured  by  a 
process  analogous  to  percolation,  the  powder 
being  placed  in  a  funnel  partly  occluded  by  a 
pledget  of  cuUon,  etc..  and  the  solvent  allowed  to 
percolate  through   it. 

The  simple  solution  of  a  substance  always 
causes  a  depression  of  temperature.  But  if  a 
chemic  change  occurs,  the  tcn^rature  may  be 
raised. 

The  process  of  solution  applied  to  crude  drugs 
has  for  its  purpose  the  separation  of  the  active 
ingredients  from  the  insoluhlc  inert  material. 
The  object  is  to  dissolve  out  the  greatest  pos- 
sible amount  with  the  least  possible  menstruum. 
This  accomplishes  two  results:  \Vc  obtain  a 
strong  extract,  and  wc  waste  neither  drug  nor 
menstruum.  There  are  a  number  of  niethnds  of 
accomplishing  this,  each  with  its  advocates. 
They  are  combinations  of  two  extremes:  maceration  and  percolation. 
Neither  of  these  is  commonly  used  alone  in  this  country,  the  practice 
being  to  combine  the  two. 
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Maceratioti  is  by  far  the  simpler  process.     It  consists  in 

simply  leanng-  the  solvent  in  contact  with  the  drug  under 
suitable  conditions  for  a  sufficient  length  of  time. 

When  maceration  alone  is  employed,  a  given  quantity  of  the  drug 
as  put  in  a  Iwtilc  or  other  suitable  vessel  with  a  definite  proportion  of 
the  *;oIvcni  (called  menstruum)  and  left  a  certain  time,  usually  two 
weeks.  The  liquid  is  then  strained  off,  the  residue  (marc)  is  ex- 
pres-icd  and  the  mixed  extract  filtered.  The  details  of  the  process  are 
influenced  by  several  considerations: 

(a)  The  degree  of  comminution  of  the  drug:  The  finer  the  dmgt 
the  less  thnc  will  be  required,  and  sometimes  it  is  impossible  to  get 
thorough   penetration  unless  the  drug  is  powdered. 

A  coarse  powder  gives  a  cleaner  solution. 

(h)  Temoeralure:  The  solution  is  the  quicker,  the  higher  the  tem- 
perature. Different  names  are  given  to  the  process  according  to  the 
temperature  at  which  it  is  carried  out.  Maceration  proper  =  room 
temperature:  30*  to  40"  C.  =  digestion ;  boiling  =  decoction.  Pos- 
sible injury  to  some  constituents  by  heat,  or  evaporation  of  a  con- 
stituent or  of  the  solvent,  are  objections  to  the  application  of  heat  in 
certain  cases. 

(c^  Time :  the  longer  the  better. 

(d)  Menstruum.    This  must  be  adapted  to  the  drug. 
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TTiJs  process  of  maceration  is  the  nnc  almost  exclusively  employed 
in  Europe;  and  it  offers  certain  advantages,  not  the  least  being  its 
simphcily  and  the  constant  results  which  it  giveji-  Its  main  disad- 
vanuges  arc  the  required  time  and  the  loss  of  the  extract  retained  in 
the  msolubie  residue  or  "  marc."  Certain  drugs  are  physically  unfit 
f«r  percolation,  since  the  moistening  causes  them  to  form  into  a  tough 
mas^S  as  good  as  impenetrable  to  the  solvent. 

The  loss  of  menstruum  does  not,  of  course,  weigh  when  an  aqueous 
Kilvcnt  is  used  and  only  small  quantities  are  prepared.  Hence  macera- 
tion ia  u£«d  in  making  infusions  and  decoctions. 

Infi4sions  are  made  by  pouring  boiling  water  upon  the 
drug  (in  coarse  powder),  letting  it  stand  for  half  an  hour, 
and  straining.  The  usual  propf)rtion  is  r  :  20.  In  decoc- 
tions, the  drug  is  boiled  for  a  quarter  of  an  hour  in  a  cov- 
ered vessel  with  water  (1:20),  allowed  to  cool,  strained. 
and  diluted  to  20.  These  preparations  do  not  keep.  To 
seaire  preservation,  acetic  acid,  glycerin,  sugar,  or.  most 
commonly,  alcohol  is  added. ^ 


m 


Percolation  consists  in  passing  a  solvent  through  a  thick 
fever  of  the  powder  to  be  exhausted.     This  exposes  a  large 

rface  of  the  latter;  the  nearly  saturated  solvent  flows  off 
and  fresh  unsaturated  portions  continuously  replace  it,  in- 
suring ven,^  rapid  solution.^ 

The  principle  of  the  method  is  to  pack  the  powder  into  a 
tall  vessel,  with  an  opening  at  the  bottom,  and  to  let  tlie 
solvent  trickle  through  it.  Usually  the  process  is  combined 
with  a  short  previous  maceration. 

Tlir  detafls  are  as  follows : 

The  powder  (the  fineness  of  which  depends  upon  the  nature  of  the 

dnijT  and  is  directed  for  each  case  by  the  Pharmacopeia)   is  moistened 

m   a   i^r   with    s<tme  of  the   menstruum.     Tliis   moistening   is    for   (he 

irposc  of  spelling  the  drug,  for  if  this  took  place  in  the  percolator, 

rug  would  bek'ome  so  firmly  impacted  that  the  menstruum  couM 

letrale  through  it;  or  it  could   even  bur^t   the  percolator      The 

ked   powder  is    then   passed  through   a  coarse  sieve   and   trans- 

to  the   prepared   percolator,   which    it   should   fill   about    two- 

lirdi. 

The  choice  of  the  shape  of  the  percolator  depends  upon  the  nature 
of  the  drug.  Should  the  drugs  have  a  tendency  10  swell,  particularly 
if  dicy  are   in   fine  powder  or   if  weak  alcohol  menstruum  is  used,  a 

•The   ■m.-.unt    nf  prcacrrativt   which   must   be  added   to    t  preparation    to   m- 
iu    Itr.--  lieL    must    vary    with    its    nature,    and    in    the    »aine    direc- 

4«    the  "  e«lrBclivf,        The    pronortifini    generally     nccrssary    are: 

ic4.  Mi    ■  .  Ivccrin,    iu%;    sugar,  66   Cim.   lo    loo  c   c   of   finished   pro- 

■^|*a|«>l*    -""    ■    Klycerin.    5%. 

^frnt  U.    S.    Pharmacopffin    defines    percotaliAn    as    confining    In    "  sutijecttnc 
MiMtaiuc   or   ■   mivtiire   of  substances,  in    powder,   contained   in   a   vrsscj    called 
t  r ,    u»    the    solvent    action    of    successive    portions    of    a    certain    mcn- 

-iich    a    mnnncT    that    the    liquid,    as    it    traverses    the    powder    in    its    de- 
♦it  ..  .:i.-    recover,   shall    be  charged    with    the   soluble  portion   of    it,    and   pua 

(tm  tk*  |>rrrolalor   tree   from  inioluhle  matter." 
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conical    percolator   is    employed:    otherwise,   the   cj'lmdrical.    The   size 
corroponds  to  the  quantity  uf  the  powder. 

The  percolator  is  prepared  in  the  following  manner  (Fig.  jo):  Into 
the  small  end  there  is  inserted  a  cork  perforated  by  a  snort  glass 
tube  which  projects  about  l  cm.  inside  the  percolator.  The  outer  end 
of  this  lube  is  attached  to  a  piece  of  rubber  tubing,  about  one-fourth 
longer  than  the  percolator,  and  this  to  a  U-shaped  glass  tube.  This 
is  held  to  the  percolator  by  a  rubber  band  in  such  a  way  that  it  can  be 
raised  and  lowered.  The  percolator  is  then  set  in  the  stand.  A 
pledget  of  absorbent  cotton  is  loosely  packed  in  the  neck  of  the 
percolator,  and  this  is  covered  by  a  layer  nf  clean  sand,  and  over 
this  goes  a  well-fitting  disk  of  filter-paper.  Then  the  moistened  drug 
is  pressed  in  —  and  this  is  the  part  of  the  prtKress  which  requires  the 
greatest  skill  and  judgment,  and  on  it  depends  the  success  of  the 
product.  It  should  lie  done  very  evenly,  else  the  menstruum  will 
choose  the  path  of  lca.st  resistance  and  some  portions  of  the  powder 
will  be  entirely  exhausted  whilst  others  are  still  scarcely  affected. 
The  finnness  of  the  packing  is  also  of  great 
importance ;  if  not  firm  enough,  the  men- 
struum will  run  through  too  rapidly  and  the 
percolate  will  consequently  be  weak.  If  too 
firm,  it  can  not  run  at  all ;  and  if  any  swelling 
occurs,  the  percolator  will  bo  broken.  Drugs 
in  coarse  powder  should  be  packed  ni'irc 
firmly  than  fine  powders.  An  alcoholic 
menstruum  requires  firmer  packing  than  a 
watery  one. 

The  packing  being  completed,  the  men- 
struum is  poured  on  until  it  stands  an  inch 
or  two  above  the  drug;  the  percolator  is 
then  covered  and  set  aside  for  maceration 
for  a  specified  time,  the  tube  being  raised  so 
that  no  liquid  flows  out.  When  the  time 
of  maceration  is  completed,  the  lube  is  low- 
ered and  fixed  at  such  a  level  that  the  ouitlow  occurs  at  tlie  rate  of 
2  to  15  drops  per  minute.  N*ew  ujcnstruum  is  poured  on  in  the  mens- 
ure  that  the  old  flows  out.  Care  should  be  taken  to  always  maintain 
tlic  layer  of  Iit|uid  above  the  powder;  else  cracks  may  appear  in  the 
latter,  necessitating  repacking. 

The  process  is  conliniied,  in  the  case  of  tinctures,  unti!  a  certain 
volume  of  percolate  is  obtained.  The  quality  of  the  percolate  will,  of 
course,  depend  upon  the  care  and  skill  of  the  operator,  and  the  product 
is  apt  to  var>-.  Maceration  would,  therefore,  be  a  better  process  for 
tinctures. 

This  difficulty  is  avoided  in  the  case  of  extracts,  for  here  the  per- 
colation is  continued  "until  the  drug  is  exhausted":  1.  r,  until  the 
active  ingredients  have  become  completely  dissolved  out.  Thi.s  is 
recognized  by  testing  the  last  portions  of  the  percolate  in  the  appro- 
priate manner,  such  as  Mayer's  reagent  for  alkaloids,  water  for  resins, 
etc.  It  may  here  be  remarked  that  a  drug  is  usually  more  rapidly 
exhausted  of  its  active  ingredients  than  of  its  coloring-matter,  so 
that  the  last  portions  of  percolate  may  be  colored  and  yet  devoid  of 
activity. 

The  choice  of  a  menstruum  must  be  determined  by  the  nature  of 
the  constituents.  The  object  is,  to  extract  all  the  active  ingredients 
and  the  minimum  of  inactive.  Alkaloids  and  resins  require  strong 
alcohol ;  gums,  weak  alcohol ;  licorice,  alkaline  alcohol ;  sanguinaria 
and  ergot,  acidified  alcohol ;  gentian  and  quassia,  water  plus  alcohol 
enough  to  keep. 


Fig.   40. —  Method    of  perco* 
Ution   (Tbornton). 


FILTRATION, 
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Th«  most  useful  ffharmaceufic  solvents  are  the  following: 

Hater  or  Glycerin. —  Dissolves  salts   (including  those   of  alkaloids), 
Lf,  guni^,  tannini  acids,  and  alkalies,  etc 

[Dilute  Acetic  Acui. —  Especially   for  alkaloids. 

Alcohol. —  Dissolves  alkaloidal  salts,  neutral  principles,  resins,  vola- 
tile oils.     Precipitates  gums  and  most  inorganic  salts. 

Ether,  Chloroform,  Acetone.— D'nisoWe  free  alkaloids,  neutral  prin- 
ciples resins,  volatile  and  fixed  oils,  and  fats. 

Fetroleum  Bencin. —  Solvent  properties  as  the  preceding,  except 
resins. 

Aromatic  SpirtU  of  Ammonia. —  Dissolves  resins  and  organic  acids- 

In  the  case  of  Z'cry  volatile  tncnstrua,  such  as  ether,  chloroform,  or 
prtrolenm  ether,  sonic  means 
mii'^t  be  employed  to  collect 
ind  return  the  evaporated 
solvent.  One  of  the  best  ap- 
paratus of  this  kind  is  that 
of  Soxhlct  (Fig.  41)- 

Expressio  n. — ^The 
process  of  separating  a 
liquid  from  a  solid  by 
pressure. 

iLs  principal  employment  in 
pharmacy  is  for  the  recovery 
o(  tmcturef  from  the  "  marc  " 
Le..  the  liquid  retained  by 
the  drwfir  residue  after  mac- 
erttjon  and  percolation.  It  is 
also  a  pri>cess  of  separating 
fixed  oiU 

The  drug  is  put  in  a 
marsc  strong  cloth  and  sub- 
jected to  pressure  in  a  press. 
Thetr  are  of  various  pat- 
terns :  screw.  lever,  hydraulic, 
VT  centrifugal  The  pressure  must  be  applied  gradually  to  prevent  the 
bttr^tine  of  the  cloth.  Small  quantities  can  often  be  pressed  suffi- 
cimily  by  putting  them  into  a  cloth  and  tightly  twisting  the  end. 

Straining  or  Colation, —  The  process  of  separating  solid 
coarse  particles  fn>ni  a  liquid  by  pouring  it  through  a  cloth 
or  strainer. 

Filtration.^ —  The  process  of  separating  soh'd  particles 
{tint  or  coarse)  from  a  liquid  by  jwuring  it  through  a  finely 
porous  material,  such  as  filter-paper. 

The  usual  material  for  filtration  is  pure  unsized  paper,  "  filter- 
paper,**  which  i*  made  of  various  grades, —  white  and  gray. —  and  of 
t-arying  texture  and  thickness  according  to  the  purpose  for  which  it  is 
tn  be  used. 

Tlicre  are  two  principal  methods  of  folding  a  filter  —  plain  and 
plaited    fsee  Exercise  7). 

These  two  filters  have  different  uses.  The  plaited  filter  offers  a  much 
Urg^tr   surface   for  filtration  and   is  therefore  more  rapid;   it   is   the 


Fif.  4t. —  Soxlilet  extractor:  A,  cart- 
ridge of  filter  pai>cr.  for  holijinti  the  powder: 
It.  the  entire  apparatus,  mounted,  connected 
with    a   flask    (e>    and    a    "ball"    condrn»er. 
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form  usually  employed  in  pharmacy.  The  plain  filter,  on  the  other 
hand,  facilitates  washing  and  removal  of  the  precipitate,  and  is  of 
more   frequent  use  in  chemistry. 

The  creases  should  not  be  carried  sharply  to  the  point,  but  should 
be  quite  liRhl  J4  to  54  inch  from  the  end,  to  prevent  breaking. 

The  liquid  should  be  poured  in  cautiously,  so  as  to  fall  about  the 
outer  third  of  the  sorface  of  the  liquid:  if  poured  at  the  center,  the 
momentum  is  apt  to  break  the  point  of  the  filter;  if  poured  too  near 
the  edge,  it  is  apt  to  get  outside. 

Filtration  may  often  be  hastened  by  the  use  of  a  vacuum  apparatus. 
(Fig.  33^  p.  48.) 

Other  materials  are  sometimes  employed  instead  of  paper.  A  very 
useful  filter  for  large  quantities  of  liquid  is  made  from  felt,  A  plug 
of  glass-wool  or  asbestos  placed  in  the  lube  of  the  funnel  is  especially 
useful  for  strong  acids  or  alkalies.  A  cell  of  porous  clay  is  also  em- 
ployed, as  in  the  various  forms  of  the  Cbamberland  filler.  With  this 
a  vacuum  is  indispensable. 

Another  process  of  frequent  use  in  the  separation  of 
crystalloids  from  colloids  is  dialysis. 

When  water  is  added  to  an  aqueous  solution  of  any  substance,  the 
dissolved  molecules  will  tend  to  distribute  themselves  evenly  through- 
out the  liquid.  This  diffusion  will  occur,  in  the  case  of  cr>*sialloids, 
even  when  the  solution  is  separated  from  the  water  by  a  parchment 
membrane.  In  other  words,  the  crystalloid  molecules  pass  freely 
through  the  pores  of  the  membrane  under  the  given  conditions.  Col- 
loids, such  as  proicids.  gums,  gelatin,  etc.,  on  the  other  hand,  do  not 
pass  through,  so  that  this  gives  a  method  for  separating  these  two 
classes  of  substances.  The  most  useful  form  of  dialyrcr  is  furnished 
by  a  parchment  tube  containing  the  solution  and  suspended  in  a  vessel 
of  water. 

Decolorization. —  It  is  often  desirable  to  remove  the  coloring- 
matter  from  a  solution.  This  may  sometimes  be  accomplished  by 
choosing  appropriate  solvents.  More  often,  however,  the  solution  is 
filtered  through  recently  calcined  animal  charcoal.  This  verj'  often 
retains  some  of  the  active  constituents  as  well  as  the  coloring-matter. 

Clarification. —  The  process  of  rendering  turbid  mixtures  clear  and 
transparent,  by  removing  the  suspended  solid.  Wlien  filtration  does 
not  <iuffice,  the  object  is  accomplished  by  agitating  the  mixture  with 
insoluble  powders  (talcum,  phosphate  of  lime,  aluminum  hydrate)  or 
by  adding  egg-albumen  and  boihng;  or  sometimes  by  the  centrifugal 
machine. 
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CHAPTER  IV. 


(A)    SPECIAL   PHARMACEUTIC 
PREPARATIONS.^ 


The  Pharmacoprcia  divides  its  preparations  into  certain 
definite  classes,  established  by  long  usage,  such  as  Waters. 
Spirits  Tinctures,  Extracts.  Pills,  Plasters,  Ointments,  etc. 


'  ExerctMS  6   and  7. 


WATERY    SOLUTIONS. 
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lis  classification  will  l^e  retained.  The  classes  will  be 
discussed  as  regards  their  definition;  reason  of  existence; 
some  general  notion  of  the  manner  of  preparation ;  the 
strength  of  their  most  important  members. 

For  convenience  of  study,  it  is  customary  to  combine 
these  classes  into  larger  groups.  In  doing  so  we  shall  not 
bind  ourselves  to  any  definite  or  arbitrary  scheme,  but  shall 
use  now  one.  now  another  character,  as  they  may  seem 
impcirtant. 

Liquids  may  be  classified  by  the  nature  of  the  solvent 
\\hether  aquef)us,  alcoholic,  or  other. 


TABLE   UI.— SCHEM.\    OF   SOLUTIONS    AND    EXTRACTS.' 

I.  SoLirnoNS    Pbopei. —  (a)  Aqueous:  Aqux. 

Liquores. 
Mucilagines. 
(^)   AUohoUc:  Sptritiis. 

{e)  Other  menstrua:  Clyccrita  (Glyccrina, 
B.  P.). 
Oleata. 
ColIodU. 


E\T«ACTs   (solid  as 
well  as  liquid). — 


(a)   Aqueous: 
ib)  Alcoholic: 


{c)  Other  menstrua 


Here  may  be  inscried : 


Inftisa. 

Decocta. 

Tincturse. 

Sued. 

Liquores  conccntrati   (B 

P.). 
Fluidextracta     (Extracta 

liqiiida.    B.  P.). 
Extracta. 
Abslracta, 
Rcsina. 
Syrupi. 
Iilixiria. 
McIIita, 
Oxymcllita 

(B.  P.). 
Confectiones 

(solid). 
Aceta   (vinegar). 

•  Oleorcsina  (acetone). 
Vina  (wine). 


(Sacchar- 
ine.) 


WATERY  SOLUTIONS. 

J|nrir  ^idvantage  lies   in   the   fact    that   water  i«  a   cheap   solvent  of 
Wide  applicability,  itself  devoid  of  any  therapeutic  property.     In 
Clie  of  subMancef   which  are   insoluble  in   it,  it  cannot   of  course 
*i>ploycd.     The  greatest  drawback  lies  in  the  fact  that  watery  sohi- 
o(  orifanic   MibMances  do  not  keep.     If  the  quantity  of  organic 

*Tle  •TtMScnl  •hould  Icam  to  dittinitutth  cicmrly  between   thcae  prcpaTntiom, 
te  ite   de^niiions  fivcn  txlow. 
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matter  is  small,  fuiiKoid  growths  develop;  if  large  and  proieids  are 
present,  infusoria  are  also  freqnenl.  Solulions  of  chemic  substances 
arc  less  subject  to  this  change,  as  ihey  do  not  lumish  a  pabulum,  and 
are  often   themselves  antiseptic. 

1.  Aquae  (Waters). —  Clear  aqueous  solutions  of  volatile 
substances.  Two  very  dissimilar  classes  tif  preparations 
come  under  this  heading : 

{a)  Flcn*orcd  Waters, —  Extremely  weak  but  saturated 
solutions  of  almost  insoluble  organic  substances,  for  the 
most  part  essealial  oils.  Tliese  are  ak>ne  included  under 
Aquas  in  the  B.  P. 

The  quantity  of  active  substance  in  them  is  just  large  enough  to  give 
them  a  pleasant  flavor  without  imparting  to  them  any  noticeable 
therapeutic  properties.  The  absence  of  alcohol  makes  them  good 
solvents  for  salts,  which  are  generally  insoluble  in  this  liquid.  Hence 
their  main  use  is  as  a  pleasant  vehicle  (a  vehicle  bcinp;  the  substance 
which  serves  for  tlic  eunveyance  of  another  sub^itance).  Dose  prac* 
tically  ad  libitum. 

(b)  Solutions  of  Chemic  Gases. —  Strong  and  with  dis- 
tinct therapeutic  ])roperties.  Their  dose  is  usually  a  few 
drops,  ( In  the  British  Pharmacopccia  these  come  under 
the  heading  of  Liquores). 

Preparation  of  first  class:  These  are  prepared  either  by 
distillation  or  by  trituration;  Aq.  Crcosoti  and  Chloroform! 
by  shaking-. 

In  the  method  of  trituration,  the  object  is  to  distribute  the  oil  as 
finely  as  possible,  by  the  intervention  of  some  inert  and  insoluble 
foreign  substance,  so  as  to  facilitate  solution.  Talcum  or  shredded 
filler-paper  may  be  used  for  this  purpose.  They  may  also  be  prepared 
by  shaking  with  hot  water  or  by  distillation.  The  preparation  of 
Aqua  Menthae  Piperita  exemplifies  the  typical  U.  S.  P.  method: 
Triturate  2  c.  c.  of  oil  of  pcpi.K*rmint  with  15  Gm.  of  purified  talc, 
gradually  add  r,ooo  c. e.  of  di^Iilfcd  water  with  continued  trituration. 
filter,  and  pass  the  filtrate  through  the  filter  repeatedly  until  the 
Peppermint  Water  is  perfectly  clear. 

Waters,  as  a  rule,  do  not  keep  well.  Their  keeping  qualities  may 
be  improved  by  adding  to  them  some  of  the  oil  of  which  they  are  solu* 
tions.  This  floats  on  the  surface,  and  in  this  way  excludes  air  and 
bacteria,  and  at  the  same  time  insures  permanent  saturation. 

Preparation  of  Second  Class. —  The  second  class  is  prepared  by 
passing  the  gas  through  water.  The  quantity  of  dissolved  gas  is  then 
tested  by  chemic  assaying  and  the  solution  standardized. 

The  U.  S.  P.  recognizes  three  waters  *  of  this  class  (Ammonia, 
Ammon.  fortior.  and  Hydrogenii  Dioxidi)  ;  and  ten  flavored  waters. 
The  total  number  of  official   waters  is   17.    Aq.  Hamamelidis    (Witch- 

^  These  fifurca  ire  Riven  to  indicate  the  relative  importance  of  the  cUMi 
Unlets  otherwise  stated,  they  refer  to  ilic  U.  S.  P. 
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eontajns  some  alcohol.    Aq.  Camphors,  Chlorofonni,  and  Creo- 
soii  have  thcra^icutic  properties. 

2.  liquores —  Aqueous  solutions  of  solid  chemic  salts 
or  hydrates,  marie  either  by  directly  dissolving  the  pure  salt 
in  water  by  triliiraiion  or  heat;  ur,  more  often,  by  chemic 
fcfccomposition  {simple  and  chemic  solution).  (The  British 
^^bannacopccia  includes  solution  of  gases  and  alcoholic 
I    solution  of  fixed  substances  under  this  heading). 

I        Mai 


Many  have  antiquati'd  names: 

Spirit.   Minderenis  = 

Donovan's  Solution  - 

LugoPs  Solution  = 

Lead  Water  = 

Ooulnrd's  Extract  = 

Water  Glass  = 

Basham's  Mixture  = 

Monicl's  Solution  = 

Effervescent  Magnesia  ~ 

Fowler's  Solution  = 

Labarraquc's  Solution  = 


Liquor  Ammonii  Acetatis. 

Arsciiii  et  Hydrargyri  lodidi. 
"        lodi  Com(Kit<itus. 
'*         Pliimbi  Subacctatis. 

"  '•  Dilurns. 

*'        Sodii  Silicatis. 
"         Ferri  et  Ammonii  Acctatis. 
*'         Fcrri   Snbi^ulphalis. 
"        Magnesii  Citratis. 
"         Potassii  Arscnitis. 

Sodar  Chlorinatae. 


TTjot  use  consists  mainly  in  the  convenience  of  measuring  the  rela- 
ti%'ely  large  volumes  of  the  solution  against  weighing  the  small  quan- 
!«y  of  <alt.  Water  is  chosen  as  the  solvent  because  *alts  are  but 
tittle  soluble  in  alcohol,  and  because  the  therapeutic  qualities  of  the  lat- 
ttr   arc  not  desired. 

Solutions,  when  used  for  special  purposes,  receive  special  names, 
thus:  Injectiones  (Hypodcrmicae :  Urethralcs),  Collyria  (Eye- 
w;Ucnt,   Lntiones    (Washes),   Gargarism»    (Gargles),   etc. 

'■'■■■  I*.  S.   P.  contains  25  Liquores.     T!ie  strength  of  the  following 
■rtant : 

'.  P. —  All  liquors  containing  arsenic,  1%;  Liq.  Fcrri  Chloridi, 
-X)%  FcaClfl:  Liq.  Plumbi  Subacetaiis.  25%;  Liq.  Plitmb.  Subac. 
/i' ;   Uq.    lodi   Comp..   Liq.    Potassii    Hydroxidi,   and    Liq.    Sod. 

^  -^  — All  liquors  containing  arsenic.  1%;  Liq.  Ferri  Pcrchloridi,6% 
ff  bq  Fcr.  Perchlor.  Fortis,  22Vj%  Fc;  Liq.  lotli  Fortis,  14%; 
^5  Plimibi  Subac.  Fortis.  25%:  Dilutus,  l4%\  Liq.  Potass,  or  Sod«. 
Sy,  Liq.  Atropinae  Sulph.,  Liq.  Morph.  Acet.  or  Hydrochloratis.  and 
W  Strychn.  Hydrochlor,   1%. 

Injectionci  Hypodcnnica  fB.P.)  are  strong  watery  solu- 
h»ms  of  active  drugs,  intended  for  subcutanenus  adminis- 
^lif^n.  They  are  sometimes  preserved  sterile  by  the  ad- 
i«tion  of  carbolic    or    salicvlic    acid.     Dose,    to    10   min. 


The  following  are  official   (B.P.)  : 


"IWjo  Apomorphinx    Hypoder- 
lifltttio    Cocainse     Hypodermica, 


Tnjcctio  Ergotae  Hyp.,  30%  of  ex- 
tract. 

Injcctio  Morphliuc  Hyp.,  1%  of 
tartrate. 


6o 


SPECIAL    PHARMACEUTIC    PREPARATIONS.       CH.   IV. 


3.  Mncilagines. —  Aqueous  solutions  of  gummy  sub- 
stances.    Imuit  are  official. 

Since  gums  are  insoluble  in  alcohol,  mucilages  arc  incompanble 
with  this  substance.  They  should  be  rccentls'  prepared  because  they 
arc  very  apt  to  mold.  They  arc  made  by  cither  hot  or  cold  process: 
the  former  being  solution  by  heat,  the  latter  by  percolation.  Heat 
should  be  used  only  when  necessary  (tragacanth),  as  it  usually  causes 
discoloration  of  the  product. 

ALCOHOLIC  SOLUTIONS. 

Alcohol  is  a  specific  solvent  of  certain  substances  (vola- 
tile oils,  alkaloids,  resins).  In  prescribing,  avoid  mixing 
these  with  an  aqueous  solution. 

Further,  alcohol  is  a  good  preservative;  but  it  has  dis- 
tinct therapeutic  qualities,  which  may  or  may  not  be  useful. 

4.  Spirits. —  Alcoholic  solutions  of  volatile  dnigs.  They 
are  all  fairly  strong.  Twenty  are  official,  eight  of  these 
being  used  solely  as  flavors. 

As  in  .^quiB  we  have,  as  to  preparation:  S{mf>le  solution;  disiillo- 
Hon  (liqueurs  and  strong  "liquors");  chemic  decomposition  (spiritus 
sethcris  nitrosi). 


6.  Glycerita  (Glycerina,  B.P.). —  Solutions  in  glycerin. 
Glycerin  has  good  solvent  pow'er  for  many  substances. 
It  keeps  well,  and  is  useful  especially  for  external  applica- 
tion on  account  of  its  adhesiveness.  Glycerin  is  also  less 
irritant  than  alcohol  and  devoid  of  the  pharmacologic  ac- 
tion of  the  latter  agent.     Six  glycerites  are  official. 

6.  Oleata. —  Solutions  of  bases  (metallic  or  alkaloidal)  in 
oleic  acid.  They  are  not  definite  chemic  compounds,  as  the 
name  would  imply.  The  rationale  of  their  use  is,  that  a 
substance  is  not  absorbed  by  skin  from  aqueous,  but  from 
oily  solutions.  Many  substances,  again,  are  not  soluble  in 
oils,  but  dissolve  in  oleic  acid.  The  oleates,  therefore,  con- 
stitute a  useful  class  of  preparations  when  it  is  desired  to 
secure  the  absorption  of  a  drug  through  the  skin.  Many 
are  diluted  with  olive  oil.  Five  are  ftfficial  —  four  being 
oleates  of  alkalni<ls.  the  fifth  of  mercury. 

7.  Collodia — Solutions  of  gun-cotton  in  ethereal  fluids. 
By  the  evaporation  of  the  solvent  they  form  a  film  on  the 
skin,  and  thus  act  like  plasters.  Collodia  must  not  be 
brought  near  fire.     Five  are  official. 
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le  base  is  collodian :  This  is  made  by  dissolving  pyroxylin,  4 
[5.  in  a  mixture  of  75  parts  of  ether  and  2$  parts  of  alcohol. 
Pyroxylin  is  prepared  by  (he  action  of  HNO,  on  cellulose  (cotton) 
m  the  presence  of  HiSO,.  This  may  resull  in  a  number  of  substitu- 
tion pro<Iucts.  of  which  teiranitrocellulose,  CutH«<ONOa)«0*,  is  offi- 
cial.    Hcxacellulose  is  the  explosive. 

SOLUTIONS  MADE  BY  EXTRACTION. 

8.  Infusions. —  Aqueous  solutions  of  the  soluble  princi- 
ples t>t  vegetable  drugs,  obtained  by  brief  maceration  in 
hi>t  or  cold  water. 

9.  Pecoctions. —  Infusions  in  which  the  ingredients  have 
been  lx>iled  with  water  for  at  least  fifteen  minutes. 

Infusions  and  decoctions  are  especially  useful  when  it  is 
wished  to  extract  some  principle  wl.ich  is  more  soluble  in 
water,  or  when  the  therapeutic  effect  of  alcohol  or  the 
mechanical  incompatibility  of  alcohol  with  salts  is  to  be 
avoided.  There  are  some  inconveniences  connected  with 
their  use:  They  take  a  long  time  to  prepare.  Like  all 
w.ilcr>*  solutions,  they  spoil  quickly,  and  must,  therefore. 
be  made  fresh.  The  decoction  can  only  be  used  if  there 
art  no  delicate  constituents  to  be  destroyed  by  boiling. 

The  solvent  Iwing  so  ver^'  cheap  and  having  no  action,  it 
fs  usual  to  make  decitclions  considerably  weaker  than  tinc- 
tures. In  prescribing  infusirms  or  decoctions  of  potent 
drugs,  the  proportion  should  always  be  stated  by  the  pre- 
Hrribcr. 

^Vhen  not  specified,  the  strength  should  be  5%,  and  ihc  process  as 

/mfnsit, —  T.ooo  c.  c.  of  boiling  water  are  poured  on  50  Gnu  of  the 

Minted    substance,    the    vessel    is    covered    tightly,    and 

1  for  half  an  honr  in  a  warm  place.     It  is  then  strained 

and  enough  water  is  poured  through  the  strainer  to 

WTi  1  measure  i.ooo  c.  c. 

^-  -■..,.-  y^.  Cm.  of  the  coarsely  comminuted  substance  and  i.ooo 
tc  ni  cold  water  are  tx>iled  in  a  cvcred  vessel  for  15  minutes,  cooled 
JO  nt.,i;  jo"  C.  stramed  and  cxorcssed.  and  cold  water  added  through 
to  make  the  decoction  measure  t.ooo  c.  c. 
lusions  arc  official  Clnfusum  Digitalis,  Pruni  Virginianx, 
«j^  Seiui*  Composiium).  Tlicse  are  all  exceptions  to  the  5%  rule. 
•^  tV  S.  P.  docs  ncit  name  any  decoctions.  The  dose  of  non- 
P'>i*onflir*  infusions  and  decoctions  lies  between  15  and  120  c.  c.  ^>i 
W   4  no.). 


10.  Tincture. — Alcoholic  or  partly  alcoholic  solutions  of 
t^*;  nseful  const iiuetits  of  such  drugs  as  are  not  wholly 
soluble  in  the  menstruum. 
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Exceptions  to  this  definition  are  tincture  of  iodin,  tinc- 
ture of  chlorid  of  iron,  and  tincture  of  tolu,  in  which  the 
solution  is  complete. 

Sixly-six  tinclLircs  are  official.  They  arc  all  weaker  than  fluid- 
extracts,  their  strength  varying  from  0.4%  to  50%.  Until  the  last 
revision  of  the  U.  S.  P.,  the  strength  of  the  tinctures  was  quite  arhi- 
trary.  In  conformity  with  the  rccommcndalion  of  the  "  Conference 
Internationale  pour  I'Unification  de  la  Formulc  dcs  Medicaments 
Hcroiques,"  held  in  Brussels  in  Scpttmber,  1902,  the  strengtli  of  all 
potent  tinctures  has  been  placed  at  10%.  This  should  be  remembered 
especially  for  Tr.  Aconiii  and  Tr.  Veratri.  The  other  tinctures  have 
also  for  the  most  part  been  adjusted  to  either  10%  or  ao% :  25  of  the 
official  tinctures  have  a  strength  of  10%;  26  of  20%;  a  few  unim- 
portant of  50%  and  5%.  The  important  exceptions  are:  Tr.  Ferri 
Chlor.,   13.28%;   lodi,   7%:   Opii   Camphor.,  0.4%. 

The  tinctures  arc  in  many  respects  ihc  most  useful  therapeutic 
preparations:  The  dose  is  relatively  large  and  uniform  (about  4  c. c. 
for  the  non-toxic) ;  the  quantity  of  solvent  is  sufficiently  large  to  keep 
the  principles  in  solution ;  the  use  of  heat  in  the  preparation  is 
avoided. 

The  greater  number  of  tinctures  arc  prepared  by  percolation:  a  few 
by  maceration.  The  menstruum  is  alcohol  or  alcohol  and  water; 
glycerin  is  iidded  in  a  few  cases;  Tr.  Sanguinarix  contains  some  acetic 
acid.  Aromatic  Spirits  of  Ammonia  is  used  in  the  ammoniatcd  tinctures 
(Tr.  Guaiaci   AmiTi.  and  Tr.  Valerian   Amm.   being  official). 

The  manufacture  of  tinctures  is  illustrated  by  Tinctura  DtRttaUs: 
Moisten  100  Gm,  of  Digitalis  in  No.  60  powder  with  40  c.  c.  of  Di- 
luted Alcohol,  transfer  it  to  a  percolator,  and,  without  pressine  the 
powder,  allow  it  to  stand,  well  covered,  for  6  hours;  then  pack  it  nrmly 
and  pour  on  enough  Diluted  Alcohol  to  saturate  the  powder  and  leave 
a  stratum  above  it.  When  the  liquid  begins  to  drop  from  the  percola- 
tor, close  the  lower  orifice,  and,  having  closely  covered  the  percolator, 
macerate  for  24  hours.  Then  allow  the  percolation  to  proceed  slowly, 
pouring  on  sufficient  menstruum  to  obtain   1,000  c.  c.  of  Tincture. 

Detannatcd  Tinctures  arc  tinctures  from  which  the  tannin  has  been 
removed  (as  by  powdered  skin).  They  do  not  precipitate  with  iron 
salts. 

Ethereal  Tinctures  are  made  with  ethereal  spirit,  a  mixture  of  seven 
parts  of  ether  and  three  parts  of  alcohol. 

Since  some  drugs  are  supposed  to  lose  part  of  their  activity  by  drying 
and  keeping,  a  class  of  tinctures  made  from  the  freshly  collected  green 
drugs  has  been  introduced  under  the  name  of  Tinctura  Hirlturum 
Recentium.  These  preparations  are  not  at  all  popular:  in  fact,  almost 
unused  and  justly  so.  They  are  of  very  inconstant  strength,  since 
the  natural  moisture  of  plants  is  variable.  Again,  they  can  only  be 
prepared  in  the  localities  where  the  plants  arc  native  and  where  there 
often  are  no  reliable  facilities  for  their  manufacture.  These  remarks 
apply  equally  to  Sued  of  the  British  Pharmacopoeia,  made  by  using 
one  part  alcohol   and  three  parts  of  the   freshly  expressed  juice. 

The  directions  of  the  U.  S.  P.  are  to  macerate  500  Gm.  of  the  fresh 
herb  with  1,000  c.  c.  of  alcohol  for  fourteen  days,  to  express  and 
filter. 

11,  Wines  are  tinctures  in  which  wines  have  been  substi- 
tuted for  alcohol.  They  have  a  more  pleasant  taste,  but 
inferior  keeping  qualities. 
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>n  vina  are  official,  including  plain  white  and  red  wine.  The  med- 
Icd  wine*  arc  generally  mixtures  of  fluid  extracts  with  while  wine; 
icienl   alcohol   being   added    to   insure   prci>erva!ion.     Vin.    Coca:   is 

prepared   with   red  wine.     The  potent  wines  contain   10%  of  the  drug, 

like  the  Tinctures. 
Ac^ta   are   medicated   vinegars,   prepared   by   maceration   with    dilute 

acetic  acid.    Two  are  official,  Opii  and   Scillx.     Both  contain   10%. 

12.  Fluidextracta  (  Huidextracts,  U.S.P. ;  liquid  exiraots, 
B.P.)  may  be  defined  as  fluid  alcoholic  or  acetic  prepara- 
tions of  vegetable  drugs,  of  such  strength  that  I  c.c.  contains 
the  active  ingredients  of  i  Gm.  of  the  drug. 

Flpl'fv.five  of  these  Buidextracts  are  official.  They  are  the  most 
r  fluid    preparations,    with    the    consequent    advantage    of 

4r  ^i.-.     Their  uniform  strength  is  chierty  of  pharmaceutic  im- 

porlanct-' 

On  the  other  hand,  the  heat  which  must  necessarily  be  used  in  their 
preparation  is  never  beneficial.  On  account  of  their  concentration, 
pieapitates  are  apt  to  form  on  standing,  and  while  these  are  often 
in  ',  y  may  contain  the  active  principles.    They  are  also   much 

n  t  to  precipitation  on   mixture   with  other   liquids,  and   the 

d.  r^    -   ..-L.ally  so  small  that  they  require  some  such  admixture. 

Flujdcxtracts  are  prepared  by  percolation,  the  first  four-fifth  of  the 
pcTcolate  being  set  aside,  the  remainder  evaporated  to  the  consistency 
of  2  soft  extract,  dissolved  in  the  reserved  portion,  and  menstruum 
added  to  make  the  retiuired  volume. 

F I  Mid  ex  I  r  actum  Aconiti  is  typical:  mix  750  c.c.  of  Alcohol  with  250 
c.c.  <i!  Water,  .\ioisten  i.ooo  Gm.  of  Aconite  in  No.  60  powder  with 
400  c.  c.  of  the  mixture,  pack  firmly  in  cylindrical  percolator:  proceed 
a<  nnial  (see  Tinctures),  maceratmg  for  48  hours,  then  percolating 
ilowly,  nnttl  the  Aconite  is  exhausted. 

Reserve  the  firM  800  c.c.  of  the  percolate,  and  evaporate  the  re- 
mainder, in  a  porcelain  di.sh,  at  a  temperature  not  exceeding  so'*  C,  to 
J  **;ti  extract;  dissolve  this  in  the  reserved  portion,  mixing  thoroughly. 
As^ajf  the  preparation  and  add  enough  menstruum  so  that  I  c.c,  of 
(he  finished  Buidextract  contains  0.004  ^^'  o'  aconitin,  corresponding 
to    I  Cm.  of  Aconite. 

Tlic  menstrua  of  fluidextracts  of  Lobelia,  Sangtiinaria.  and  Scilla 
fittn^iiit  of  diluted  acetic  acid.  All  other  fluidextracts  are  prepared 
with  alcohol  or  alcohol  and  water,  sometimes  wilh  the  addition  of 
j'lycerin.  Coninm.  Ergot,  and  Nux  Vnmica  contain  a  small  amount 
<«  --•;  -icid ;  Senega  some  pot.  "hydroxid;  Taraxacum  some  sod. 
■>  nd  Glycyrrhi/a  some  ammonia. 

•  ,-  ._  .oni£Htrat\  (B.  P.)  are  more  concentrated  than  the  tinctures, 
^*st   vcaker  than  fiuidcxtracts. 

13.  Extracta,  solid  extracts,  must  not  be  confused  with 
tWr  fltii(Iextracis.     They  are  solid  or  semisolid  preparations 
'^I^Uined  by  evaporation  of  solutions  of  the  medicinal  prin- 
QpWs  of  drugs. 

.  "n*  practice  of  prrpannR  tinctnrc*.  mfuiions,  ftc.  by  the  dilution  of 
]*,  ftaidcxirtctt  t«  hifhly  reprrhcnsjble.  since  these  dJIutiont  often  difTcr  ma- 
■W;  trom  die  onbodox  pteparatiMis. 
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Twcnty-cighi  of  these  arc  official.  They  arc  convenient  for  admin- 
istration in  solid  form,  e,  g.,  in  pills,  uintnieiits,  plasters,  etc  All  the 
potent,  and  most  of  ihc  otTicr.  extracts  are  adjusted  to  four  times  the 
strength  of  the  flnidextracls,  with  the  following  important  exceptions: 
Ext.  Opii,  twice:  Ergoia;,  eight  limes;  Physosiigmaiis,  ij  times,  the 
strength  of  fluidtxtract^ 

Some  of  the  solid  extracts  are  dry,  others  of  a  "  pilular  "  consistency* 
I.  r..  like  a  pill-mass.  Ext.  Maiti  is  of  the  consistency  of  thick  honey. 
Most  extracts  are  prepared  by  percolating  and  subsequent  evapora- 
tion ;  the  last  and  weaker  portions  of  the  percolate  being  evaporated 
first,  to  avoid  the  deleterious  actions  of  prolonged  heat  on  the  main 
portion.  Some  of  the  extracts  are  obtained  by  evaporating  the  fluid- 
extract.  The  menstruum  is  sometimes  water,  or  alcohol,  or  a  mixture 
of  both ;  acetic  acid  being  added  in  some  cases.  The  finished  product 
is  assayed,  if  possible,  and  adjusted  to  a  definite  standard  by  the  addi* 
tion  of  sugar  of  milk. 

Abstracts,  now  obsolete,  were  adjusted  so  that  i  Gm.  equalled  2  Gms. 
of  drug. 

hisfissatcd  Juices  Cextractum  viride,  B.  P.)  are  obtained  by  evap- 
orating the  expressed  juice  of  the  fresh  plant.     They  arc  unimportant. 

ArtiHiicil  resins  are  precipitates  obtained  by  mixing  alcoholic  solu- 
tions with  water.  Where  they  constitute  the  active  principle,  this  is 
a  convenient  method  of  isolating  it  in  a  concentrated  alihongh  some- 
what impure  form.  Their  strength  is  fairly  constant.  They  are  prac- 
tically identical  with  the  eclectic  "  resinoids."  Three  are  oflncial  (Re- 
sina  Jalapi,  Podophylli,  Scammonia). 

Olcoresina  are  extracts  containing  the  resinous  and  oily  constituents 
of  the  drug.  Six  are  official.  Five  of  these  are  obtained  by  evapora- 
tion of  the  acetone  percolate.    Oleorcs.  Cubcbse  is  made  with  alcohol. 

14.  Syrups  are  dense  saccharine  solutions  of  medicinal 
substances. 

Simple  syrup  is  practically  a  saturated  solution,  and  con- 
tains 85  Gm.  of  cane-sugar  in  100  c.c.  Syrups  are  usually 
preparer!  by  first  making  an  infusion,  and  dissolving  in  this 
the  sugar,  either  by  heat  or  by  perculation.  according  to 
whether  or  nnt  tlie  drug  is  injured  by  a  liigli  temperature. 
In  special  cases  modifications  may  be  introduced.  Honey 
is  sometimes  used  instead  of  cane-sugar,  making  a  class  of 
preparations  called  incllita.  If  acetic  acid  is  added  to  this. 
we  have  oxyntcllita.  Twenty-five  syrups  and  one  flavored 
honey  are  official.  Some  symps  are  prepared  by  mixing 
the  fluidextract  and  syrup. 

15.  Elixirs  are  aromatic,  sweetened  spirits,  which  may  be 
medicaterl. 

They  are  very  useful,  since  they  combine  the  solvent  prop- 
erties of  alcohol  and  of  water,  and  are  very  agreeable  to  the 
taste.  The  most  useful  and  best  "aromatic  elixir"  is  fla- 
vored with  orange  peel,  lemon,  coriander,  and  anise.  Three 
elixirs  are  oflficial :  two  of  these  are  vehicles  —  Aromatic 
Elixir  and  EI.  Adjuvans.     The  latter  consists  of  aromatic 
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elixir  and  fluidext.  glycyrrhiza.     They  contain  about  2$% 
of  alcohol. 

Confectioiu  arc  thick  medicated  jams, 

Tliey  were  formerly  very  popular,  but  have  now  been 
almost  abandoned.  Electuaries  were  similar  but  somewhat 
thinner  preparations. 

16.  Mixtures,  in  the  wider  meaning  of  the  word,  are  fluids 
resuhing  from  the  mixture  of  fluids  w^ith  other  fluids  or 
with  soHds.     They  comprise:   Linimenta.  Mistnrx.  Emulsa. 

If  ihcy  are  intended  for  external  application  as  counter- 
irritants,  they  are  called  liaiments,  Eight  of  these  are 
ofiicial. 

Mixtures,  in  the  narrow  meaning  of  the  term,  are  gener- 
ally susj>ensions  of  a  sulid  in  a  liquid,  sometimes  by  the  use 
of  a  gummy  substance;  for  heavy  powders  cannot  be  evenly 
distributed  in  a  liglit  liquid  without  this  aid.  Four  are 
official . 

17.  Emulsioni  are  mixtures  of  a  milky  appearance,  made 
by  snspemling  fats,  oils,  or  resinous  substances  in  aqueous 
liquids  by  the  intervention  of  some  viscid,  usually  gimuny. 
substance. 


^c  object  of  cmulsification   is   to  brcik   up  the   insoluble  oil   into 

'    * r'artiflcs  and  to  envelop  each  of  these  in   a  coaling  of  the 

-  agent,  which  will  keep  them  from  reuniting.  This  allows 
,  of  the  admixture  of  other  substances,  aiul  it  facilitates 
Milic  is  a  natural  emulsion  in  which  tlw  butter- fat  is  kept 
!i  by  the  casein.  It  mAy  he  taken  as  a  type  to  which  arti- 
vmui-'ieins  must  confonn.  The  globules  must  be  uniform  and  of 
thr  <smr  «i7e  as  those  in  milk. 

<  may  be  divided  into  the  following  classes: 

■/   emulsious.  such   as  are   found   ready   formed   in  nature. 

f  Ihcse  arc  milk,  the  yolk  of  egg,  and  some  plant  juices. 

.'JIM  and  serd  emulsions:  that  is.  emulsions  made  from  such 

as     contain     their     own     emulsifier.     Kxamples     of     such 

are   amrnt^niac,  asafctida,  and  myrrh.     The   undried   drugs 

,    used    in    making   these    emulsions,    since   they    are    largely 

■**^<i   by   drying.     The   drugs   are   reduced   to  a   coarse  powder  and 

is   added    gradually.    Seeds    which    yield    such    emulsions    are 

hemp,  and  almond. 

I  fn  artHidol  ^ntuhimts  an  emuUifier  must  be  added.     Quite  a  nam- 

*^f  substances   may   be   used   for   thi^   purpose,  the   principal   ones 

^•™?  gum  acacia,  traeacanth.  yolk  of  egg,  Irish  moss,  soap  bark,  and 

■OOct    of     malt.     The     substance     most     commonly    used     is     gum 

^tjgt    This     cmuUifier    is     incompatible     with     large    quantities    of 

*»ol,   borux,    tincture    of    iron,    or    glycerin.     It    may    he    used    by 

^^  the  Continental  method,  in  whicli  a  nucleus  is  first  formed  from 

P^  ^l  and   water,   and  to   which  the   remainder  of  the  water  may 

l*"**  tx  added ;  or  by  the  English  method,  in  which  a  mucilage  is  first 

WiJe.  lo  which   the  oil  and  water  are  added  in  alternate  small  por- 

WW^  The  Continental  method  deserves  the  preference.    To  form  a 
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nucleus  there  should  be  used  for  each  part  of  oil  one-fourth  to  one- 
half  part  of  acacia  and  one  part  of  water.  Stir  the  oil  with  rhe  acacia 
in  granular  powder,  then  add  the  water  at  once.  The  mixture  of 
the  oi)  and  the  gum  must  not  be  allowed  to  stand  too  long  before 
adding  the  water,  otherwise  it  will  cake.  In  the  English  method  the 
acacia,  the  amount  of  which  should  be  half  that  of  the  oil,  is  rubbed 
up  with  an  equal  volume  of  water  and  then  small  portions  of  oil  and 
water  are  added  alternately.  If  this  addition  should  be  done  too 
rapidly,  there  is  danger  that  the  emulsion  will  separate  or  "  crack." 
This  does  not  necessarily  spoil  it,  for  it  may  be  re-emulsionized  by 
adding  it  to  a  fresh  portion  of  acacia  and  repeating  the  process. 

In  making  medicated  emulsions  the  ingredients  should  be  mixed 
in  the  following  order :  First  the  nucleus,  then  the  flavoring,  then 
the  syrup»  and,  lastly,  the  water  in  which  the  solids  have  been  dis- 
solved. 

In  yolk  rmulsions,  the  yolk  of  egg  is  used  in  place  of  the  nucleus  in 
the  Continental  method.  The  yolk  is  triturated  in  a  mortar  and  the 
oil  and  water  are  added  alternately  in  small  portions.  One  yolk 
suffices  for  from  one  to  two  ounces  of  oil.  The  yolk  emulsions  are 
incompatible  with  the  same  substances  as  gum  emulsions  and  do  not 
keep  nearly  as  well. 

Soaf*  hark  has  saponin  for  its  emulsifying  agent.  It  is  not  incom- 
patible with  any  of  the  above-named  substances,  but  possesses  very 
decided  therapeutic  properties,  which  preclude  its  use  in  many  cases. 
It  is  used  in  the  proportion  of  i  part  of  the  tincture  to  8  parts  of  the 
oil:  Place  the  tincture  in  a  dry  bottle,  add  the  oil  in  portions,  and 
shake  after  each  addition.  Finally  add  the  water.  Crude  saponin 
(0.3  :  too  of  oil )    can  also  be  employed. 

Extract  of  ntitlt  emulsifies  its  own  weight  of  oil.  It  is  used  as  the 
nucleus  in  the  Continental  method. 

Soiutions  of  alkalia  may  also  be  used  for  emulsification,  since  they 
form  soaps,  but  they  are  usually  not  desirable. 

Six  emulsions  are  official :  one  seed  (.Amygdala)  ;  one  gumresin 
( AsaffTtidje).  and  four  artificial.  These  are  made  by  the  Continental 
method.  Thin  liquids,  which  do  not  emulsify  readily,  are  thickened 
by  the  addition  of  expressed  almond  oil. 

SOLID  PREPARATIONS. 

18.  Powders  are  finely  powdered  drugs  intended  for  either 
external  or  internal  administration. 

When  intended  for  external  use,  as  for  dusting-powders,  extreme 
fineness  is  the  main  desideratum.  They  should  in  this  rase  be  mixed 
wilfi  a  spatula  and  not  in  a  mortar,  since  the  farmer  insures  greater 
smoothness.  When  intended  for  internal  use,  they  are  generally 
folded  in  papers  (chartulet).  It  must  be  bnrne  in  mind  that  hygro- 
scopic (deliquescent)  substances,  such  as  potassium  acetate  or  citrate, 
cannot  be  prescribed  as  powders,  nor  such  substances  as  became  a 
fluid  when  mixed  (**.  g.,  camphor  and  chloral).  Tn  making  compound 
powders,  one  should  begin  with  the  smallest  ingredient  and  add  the 
others  in  the  order  of  their  amount,  triturating  thoroughly  after  each 
addition.  In  dividing  the  powder,  it  is  not  usually  necessary  to  weigh 
out  each  powder.  The  object  is  generally  accomplished  with  sufficient 
accuracy  by  flattening  the  powder  on  a  piece  of  paper,  squaring  off  the 
edges,  and  dividing  into  a  number  of  equal  p^rts  by  means  of  a 
spatula.  In  the  case  of  more  bulky  powders,  such  as  Seidlit?  powders, 
measures  are  used.    Nine  powders  are  official.    These  arc  all  mixtures- 
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Granular  Effervescing  Salts. —  These  are  a  pleasant  form 
of  administering  many  salts,  the  CO2  helping  to  disguise 
the  taste,  and  favoring  absorption  and  peristalsis.  The 
tiasis  is  a  mixture  of  sodium  bicarbonate  and  tartaric  acid 
43r  citric  acid;  to  these  is  added  the  medicinal  agent  and 
$ugar  enough  to  make  the  dose  a  teas]K)onfuI.  This  mix- 
ture is  softened  by  heat  or  moistened  with  alcohol,  well 
stirred  until  solid,  and  pressed  through  a  sieve.  They  are 
dissolved  in  half  a  glass  of  water  just  before  taking.  A 
t^umber  of  these  preparations  are  official. 

Triturations  are  powders  obtained  by  triturating  the  active 
srubstances  with  some  inert  material  such  as  sugar  of  milk. 

Thttr  advantage  lies  in  (he  greater  ease  in  weighing  out  a  compara- 
tively  large  amount  of  substance.  When  no  special  directions  are 
given,  triturations  arc  made  of  a  strength  of  10%.  The  trituration  of 
elairnn  is  the  only  one  official. 

£Uostti:ch<ira  are  trituranons  of  volatile  oils  with  sugar  in  the  pro- 
^•ortton  of  I  :  30.  They  arc  used  for  the  purpose  of  flavoring  other 
1»owders. 


To  get  a  definite  dose  and  to  reduce  the  bulk  of  the  substances  when 

^  i*  dcfircd    to   administer  them   in    dry  form,   and   when   the   incon- 

*Trtiei»ce  of  powders  is  to  be  avoided,  we  employ  lozenges,  triturates, 

P'H«  with  various  coatings,  capsules,  wafers,  or  cachets.     The  adminis- 

trjtton  of  substances  in  dry  form  always  delays  their  absorption,  and 

0»!i   i^  especially    the    case    if    the    preparations    are    coated.     On    the 

^tr  hand,   they  have   the  advantage  of  reaching  the   intestinal   canal 

*'ti»  littlf  cliangc.     One  must  always  be  careful  not  to  prescribe  pills, 

«tt.  of  »uch  bulk  that  they  cannot  be  swallowed. 

W.  Pilli  may  be  defined  as  spherical  or  elongated  masses 
^1  meilicinal  su!>stances.  o{  such  size  as  to  be  convenient  for 
5*3llo\ving :  that  is  to  say.  containing  up  to  5  grs.  (0.35 
^■)  of  active  substance.  If  the  pill  is  of  larger  size,  it  is 
^W  a  bolus.  Very  small  coated  pills  are  spoken  of  as 
f^ules.     Fourteen  Pills  and  two  Masses  are  official. 

^•^.  pill  consists  of  the  active  Ingredient  and  of  the  excipient  (co- 
j'^'lMhe  latter  varies  with  tlic  nature  of  the  fumier. 
'"  "nlrr  to  make  pills,  the  substance  is  first  made  into  a  nuMS  by 
^^^  of  ihi^  excipicnr.  The  mnss  must  be  suflRcicntly  soft  to  admit 
**'  i^jWiTig.  but  on  the  other  hand  it  shmild  be  sufficiently  consistent 
*^  'II  lose  its  «hapc.     It  should  neither  harden  nor  soften  nor  crumble 


-  V«Aorf  of 


.  .,„  ..,  Preparation. —  The  ingredients  are  first  triturated  to  a 
J*  potrdtr.  In  case  crystalline  sab<  are  use*l.  these  must  first  be 
**'ttit«U.  The  c-xcipicnl  is  then  added  in  small  portions  and  thor- 
^"jWy  triturated    with    the   powder    until    the   proper    consistency   is 
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obtained.  U  accidentally  too  much  excipient  is  added  this  can  be 
remedied  by  the  addition  of  some  inert  powder,  such  as  starch,  gum 
acacia,  or  powdered  licorice.  A  great  many  substances  may  be  used 
for  excipients.     The  following  are  the  most  useful : 

Liquid  Excipicnts.— G\yctT\d  of  acacia  or  tragacanth,  ihjck  flouf 
paikte,  glycerin,  syrup,  confections,  or  extracts. 

Solid  iixcipients. —  Acacia,  tragacanih,  starch,  althaea,  licorice  pow- 
der, soap. 

For  chemicals  which  are  destroyed  by  organic  substances  the  best 
excipient  is  fnrnu'd  by  a  mixture  of  petrolatum  and  kaolin. 

The  weight  of  the  finished  pill  should  not  exceed  0.5  Gra.  (8 
grains). 

The  mass  having  been  formed  by  thorough  trituration,  it  is  placed 
on  a  glass  or  porcelain  slab  marked  with  equal  divisions.  It  is  well  to 
put  a  little  dusting-powder  on  the  slab  to  prevent  the  mass  from  stick- 
ing to  it.  Tlie  best  du.sting-powders  arc  starch,  lycopodium.  or  licorice, 
according  to  the  color  of  ibc  pill  mass,  lliis  mass  is  then  rolled  out 
by  means  of  a  broad  spatula  into  a  cylinder  of  uniform  diameter,  and 
this  is  cut  with  a  sharp  knife  into  the  requisite  number  of  equal  parts. 
These  are  formed  into  spherital  shajjc  by  rolling  them  between  the 
thumb  and  the  first  two  fioRcrs.  The  finish  may  l>c  rendered  more 
perfect  by  placing  the  pills  with  a  liberal  amount  of  Husting-powder 
in  the  lid  of  the  pill  box  and  gently  rolling  them  with  the  ball  of  the 
thumb.  To  disguise  the  taste  of  the  pills  one  may  make  use  of 
various  coatings.  The  most  popular  of  these  arc  the  sugar  and  the 
gelatin  coatings.  These  can  only  he  well  done  on  a  large  scale.  For 
the  former,  the  pills  are  moistened  with  .i  thick  syrup  and  rapidly 
rotated  and  dried  in  a  current  of  warm  air  until  they  acquire  a  suffi- 
ciently thick  coating  and  a  fine  polish.  The  latter  is  often  enhanced 
by  a  little  wax.  For  a  gelatin  coating  they  are  dipped  into  a  strong 
hot  solution  of  gelatin,  which  is  allowed  to  harden  in  the  air.  When 
it  is  desired  to  exclmie  the  air  from  the  pills,  they  arc  sometimes  var- 
nished by  dipping  them  into  an  clhcreal  solution  of  toln.  This  is  the 
official  process  for  keeping  phosphonis  pills.  A  still  finer  polish  may 
be  given  to  pills  by  coating  them  with  silver  leaf,  which  is  done  l^* 
shakmg  them  in  a  hox  with  silver  foil.  .Ml  of  these  coatings  inter- 
fere with  the  absorption  of  the  active  substances,  but  this  is  indeed  a 
disadvantage  which  adheres  even  to  the  uncoated  pill.  In  some  cases 
it  is  highly  desirable  that  the  pill  reach  the  intestinal  canal  without 
any  change  —  namely,  when  we  desire  a  local  action  upon  the  intestinal 
canal  alone.  Tlie  following  coatings  may  be  employed  for  this  pur- 
pose: (i)  Keratin,  which  is  made  by  dissolving  goose-quill  in  acetic 
acid  or  sodium  hydrate.  (2)  Salol.  Both  of  these  arc  partly  dis- 
solved in  the  stomach.  (^)  Glutoid  capsules  have  also  been  recom- 
mended. They  are  gelatin  capsules  which  have  been  hardetied  in 
formaldehyd. 

The  pilulie  of  the  P..  P.  arc  pill-masses  (wassa,  V.  S.  P.). 

Capsules  are  smalt  containers,  usually  of  gelatin,  intended  to  be 
swallowed  with  the  substance.  Those  used  for  powders  are  hard,  and 
consist  of  a  bcdy  and  a  cap.  In  filling  these  capsides,  the  powder  is 
divided  into  the  reqnisile  number  of  parts,  forced  into  the  lx)dy  with  a 
spatula,  and  the  caps  placed  on.  Soft  capsules  are  used  for  oils,  etc. 
These  are  sealed  with  a  drop  of  melted  gelatin.  These  soft  capsules 
may  be  made  to  hold  as  much  as  4  Gms.  Hard  capsules  should  not 
hold  more  than  0.3  Gm.  or  at  most  05  Cm.  A  somewhat  larger 
amount  may  be  used  by  making  the  powder  into  a  pill  mass.  The 
purpose  of  capsules  is  to  disguise  the  taste  of  the  substance. 

Wafers  arc  thin  sheets  formed  of  a  dried  flour-paste,  in  which  the 


I 


TROCHES.    TABLETS,    SUPPOSITORIES. 


69 


fc-^^  Fi«.   4?. —  DtffCTTfit    fonnfl    of   sufiposiiorie?    (!I.     Hiair),     Natural    fize-     T1i« 
^*-««l   !♦  for  uTsr   m    the  vagina;    tbt*   cyliodrr   i«   a    urrthral   »iipi>o«itory   or    bntlgie; 
«tWn  we  Tarious  shafirs  and  »izm  M   r«:ul   siippiisitnricft. 


powder  is  enveloped  and  swallowed.  They  possess  the  advantage  that 
larger  quanlilic*.  of  the  drug  (up  to  l  Gm.)  may  be  administered. 
WTicn  the  wafers  arc  molded  into  a  form,  ihcy  are  called  conseais  or 

Troches  {.trochisci.  tuc^ngcs)  arc  made  by  punching  or  cutting  out 
OTcnlar  or  oblung  disks  from  a  mass  made  up  from  the  active  sub- 
stance, sugar,  and  mucilage.  These  arc  then  dricfl  in  the  air.  They 
are  usually  inicnded  for  solution  m  the  muuih,  and  are  most  popular 
(or  throat  medication.  They  are,  however,  snmctimcs  used  instead  of 
pills      Kine  troches  are  official. 

Tablet  triturates  ;ire  small  troches  made  from  a  mass  of  sugar  of 
milW  and  dilute  alcohol.  This  mass  is  spread  into  holes  in  a  special 
lorm  and  then  removed  from  these  by  means  of  3  die.  They  hnve 
the  advantage  over  pills  of  a  very  much  greater  solubility,  and  arc 
the  m-ist  convenient  form  of  administering  small  doses  of  solid  drugs, 
TOch  a*  alk.iloids,  nitroglycrrin,  calomel,  etc.,  by  mouth.  They  are 
mitif  unsuitable  for  the  administration  of  large  doses.  Manufacturers 
also  prepare  timriures.   etc.,   in   inblct   form,   by   evaporating   the  men- 


**iira. 


TIjis    may    interfere    with    the    therapeutic    efficiency.     The 
rure^  in  tablet   form,  found  on  the  price  lists  of  pharma- 
.  will  nni  he  used  as  a  rule  by  scientific  physicians. 
nic  tablets  are  similar  to  the  tablet  triturates,  especial  care 

'  d   t..  -rcurc  quick  solution. 
^cJ  tablets  are  made  by  compressing  the  substance  diluted 
f***«   ^ty^T  or   sugar   of   milk.    The   material    must   be    in    granulated 
?^*t     Thry   do   not   break   as    readily  as   the    triturates,   but,   on   the 
'*^*^^  hand,  they  arc  not  as  soluhlc. 

^--•niell*  (B.  P.)  arc  thin  gclaiin  disks,  softened  with  glycerin,  and 
*^pTegnated  with  substances  acting  on  the  pupil.  They  are  intended 
^  ^  placetl  tmder  the  eyelids. 

80.  Suppositories   are    suitably    shaped    masses    of   solid, 
ti^^licaleil.  fatly  substances,  intended  for  introduction  into 
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the  rectum,  vagina,  (ir  urethra.  They  take  the  place  of 
ointments  for  local  treatment  where  these  cannot  be  readily 
applied. 


I 


Suppositories  are  made  by  incorporating  the  medicinal  substance 
into  a  suitable  base,  and  molding  into  masses  of  suitable  shape  and 
size.  The  ideal  base  is  one  which,  whilst  solid  at  the  ordinary  tem- 
perature, is  melted  by  the  heat  nf  the  body.  Such  is  cacao-butter 
(Oleum  Theobromatis).  Glycerinated  gelatin  or  a  soapy  base  is  also  ■ 
sometimes  used,  especially  with  urethral  suppositories,  for  which  1 
cacao-butter  would  be  too  brittle.  Thcobroma  suppositories  are  made 
cither  by  the  hot  or  cold  process.  The  hot  process  consists  in  melting 
cacao-butler  at  a  temperature  not  e.Kceediiig  35*  F.  and  adding  the 
active  substances,  then  pourinR  the  mixture  into  cold  molds.  Tf  the 
molds  are  sufficiently  cold,  the  finished  suppositories  can  be  removed 
without  any  difficulty.  It  is  usually  advisable,  however,  to  employ  a 
small  amount  of  dusting-powder.  In  the  cold  process  the  active  sub- 
stances are  triturated  with  grated  cacao-butter  with  the  addition  of  a 
small  amount  of  castor-oil.  sufficient  to  make  it  into  a  suitable  mass, 
which  is  then  rolled  out  and  divided  as  for  pills.  They  may  also  be  M 
formed  by  pressure.  Suppository  capsules,  whether  of  gelatin  or  of  1 
cacao-butter,  largely  defeat  the  object  for  which  suppositories  are  cm- 
ployed.  They  are,  however,  much  more  convenient  to  prepare  than 
the  suppositories,  and  may  suffice  when  the  object  is  merely  internal 
medication.  Glj'ccrin  is  made  into  a  suppository  by  means  of  a  very 
hard  soap  formed  from  stearic  acid  and  sodium  carbonate.  ■ 

This   is   the   only   official    suppository;    but    the    U,  S.  P.   supplies   a  ■ 
genera!    formula    for   others    and    specifies    their   weight :     2    Gm.    for    ■ 
rectal :    4   Gm.    for   vaginal.     Urethral    suppositories   are  to   be  pencil- 
shaped,  pointed  at  one  end.  and  measure  7  or  14  Cm.,  weighmg  2  or 
4  Gm.  M 

21.  Ointments  (Ungucnta)  are  soft  fatty  masses  intended 
for  external  application.  They  consist  of  the  active  ingre- 
dient and  the  base. 


The  base  of  ointments  is  formed  by  lard,  by  petrolatum*  by  lanolin, 
or  by  various  mixtures,  of  which  the  "simple  ointment,"  consisting  of  4 
parts  of  lard  and  i  part  of  white  wax,  is  the  most  important.  The 
base  must  vary  according  to  the  object  for  which  the  ointment  is 
employed,  whether  absorption,  protection,  or  local  action  is  desired. 
Petrolatum  ( vaselin),  which  consists  of  the  less  volatile  parts  of 
petroleum,  is  simply  protective,  or  useful  as  a  vehicle  for  substances 
mtended  to  have  a  mere  local  action,  since  il  is  not  absorbed.  Lanolin, 
or  its  pharmacopieial  substitute.  Adeps  Lanw  ITydrosus,  consists  of  a 
mixture  of  cholesicrin-like  substances  obtained  from  sheep's  wool. 
It  is  verj-  readily  absorbed,  does  not  become  rancid,  and  mixes  with 
its  own  weight  of  water.  This  latter  property  is  of  great  advantage 
when  it  is  desired  to  use  cr>'stalline  salts  in  ointment  form,  since  these 
can  be  incorporated  in  the  form  of  solution,  making  a  much  smoother 
ointment.  Lard  is  the  cheapest  ointment  material.  It  possesses,  but 
in  a  lesser  degree,  the  advantages  of  lanolin.  An  important  objertion 
to  it  rests  upon  the  fact  th.it  it  becomes  rancid  ver^  rapidly.  This 
tendency  can  be  greatly  diminished  by  the  incorporation  of  antiseptic 
substances.     Official  Bcnzoinated  Lard  is  an  attempt  in  this  direction. 
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Ointments  are  prepared  by  fusion,  mechanical  admixture*  and 
chcmic  reaction.  In  mixing  ointments  by  fusion,  that  constituent  of 
the  ointment  which  has  the  highest  melting-point  is  first  melted,  and 
the  others  are  then  added  in  the  order  of  their  melting-points.  The 
active  substance  is  added  last,  to  obviate  the  prolonged  action  of  heat 
upon  it.  The  mechanical  admixture  is  usually  done  on  a  slab  or  in 
a  mortar.  It  is  needless  to  say  that  powders  must  be  in  the  finest 
stage  of  subdivision.  If  the  quantity*  of  powder  is  large,  it  is  usually 
first  mixed   with  some  of  the  melted  ointment. 

Twenty-four  ointments  are  official.  The  majority  of  medicated  oint- 
ments contain  10%,  some  20%.  of  the  active  ingredient.  Ung.  Chrysa- 
robini.  lodi,  Phenolis.  and  Veratrini  arc  weaker;  Hydrargyri,  Picis 
Liquid?,  and  Zinci  Stearatis  are  stronger. 

Cerates  (U.S.  P.)  are  preparations  similar  to  ointments  but  of  a 
firmer  consistency.  They  are  generally  made  from  a  mixture  of  wax 
and  petrolatum,  in  the  same  manner  as  ointments.  Six  cerates  are 
rf^fficial. 

aa.  Plaster*  arc  made  by  spreading  on  a  thin  cloth  or  leather  sup- 

SKirt  a  mass  or  base  which  is  hard  at  an  ordinary  temperature,  but  is 

softened  and   rendered  adhesive  at  the  temperature  of  the  body.     The 

base  is  fused  and  the  active  ingredients  incorporated  into  it  by  stirring. 

Too  great  a  degree  of  heat  must,  of  course,  he  avoided.     The  mass  is 

*l«n  usually  spread  upon  pieces  of  linen,  muslin,  or  leather.     Plasters 

^ervi!  to  afford  protection  to  the  skin,   to  bring  together  the  edges  of 

m*ounfis,  or  to  bring  a  drug  in  an  absorbable  medium  into  prolonged 

cruniact   with  the  .skin.     Furthermore,  the  resin*,  etc.,  which  frequently 

f^'m  the  constituents  of  the  plasier  act  as  mild  counterirritants.    To 

atriid  the   rather   excessive   irritation   resulting    from    the  confinement 

of  the  secretions  of  the  skin,  plasters  are  now  frequently  made  porous. 

^J^composition  of  rubber  is  the  most  common  base  of  modem  plasters. 

*^^  typical  old  plaster,  however,  has  for  its  base  diachylon.  Burgundy 

pitch,  or  other  resins.     Diachylon   is  a  lead   soap   made  by  prccipitat- 

^f^g     soap   with   lead   acetate.     This  alone,   or   with   the    addition    of  a 

I'ttlc  rubber  and  petrolatum  (Emplastrum  Adhesivum)   forms  the  base 

^i  the  other  six  oflTicinl  plasters. 

f*Iasters  arc  now  usually  obtained  from  manufacturers,  and  are  but 
^[«^ly  made  to  order. 

T't*  5.pread  tJic  plaster,  the  cloth,  cut  to  the  proper  size  and  shape. 
"  tacked  on  a  board  and  the  mass  is  healed  and  spread  evenly  with 
•'■"riwcl  or  spatula.  A  margin  half  an  inch  wide  must  be  left  to 
*l">w  of  handling.  Isinglass  plaster  is  made  by  spreading  a  thick 
*'>|^tion  of  isinglass  on  silk. 

■rtK  are  medicated  papers,  1.  r,  pieces  of  paper  covered  or  im- 
tated  with  a  medicinal  sub.stance.  Charta  Sinapis  is  used  as  a 
?r>  Charta   P^tassii  Nilratis  for  fumigation. 

23.  Cataplasmata   (Poultices). —  These   are   used   mainly 

fof    the  pui^iose  of  supplying  heat.     It  is  often  necessary 

to  ^ivc  a  patient  directions  for  preparing  them.     Unseed 

\io\iUices  may  be  taken  as  a  type:    Pour  a  cup  of  linseed 

n\«al  into  zYz  cups  of  boiling  water,  stirring  constantly. 

^earl  the  mush  thickly  on  a  piece  of  flannel,  fold  so  as  to 

f<^mi  a  sack,  and  apply  as  hot  as  can  be  conveniently  borne. 

Caiaplasma  Kaolini  is  official. 
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The  memorizing  of  the  strength  and  doses  of  phanna- 
ceiitic  preparations  will  be  facilitated  by  the  following 
tables : 


TABLE    IV.— STRENGTH    OF    PHARMACEUTIC    PREPARA- 
TIONS. 

U.  S.  P.    Opium:     Tincture,  deodorized  tincture,  acelum,  and  Dover's 

powdcr=io%;     camphorated    tincture  =  2    grains    to    the    ounce 

(=0-4%). 
Dilute  Akohoi.  48.9%  by  volume. 
Decoctions  ttnd  Infusions,  5%. 
U.  S.  P.    Dilute  Acids.   10%    (except  hydrocyanic  =  2% ;   and  acetic  = 

6%). 
U.  S.  P.    Tinctures,  0^%   to  So%;   mostly   10%   or  20%;   all   potent. 

10%. 
V.  S.  P.    Aceta.  10%. 
fluidcxtracts,    100%. 
Arsenic  Solutions.  i%. 
Solid  EjTtracls.  generally  400%. 

TABLE  v.— GENERAL   DOSES   OF   PHAR^L\CEUTICAL 
PREPARATIONS. 

(ARRAXCED    in    ascending    ORIIER.) 

Poisonous  Solid  Extracts'^ 0.005  to  0.025  Gm.    (gr,  Vi"  to  J^) 

Poisonous   Fluidcxtracts;*   Litjuorcs; 
Arowatic    Oils;   B.P.    Hypodermic 

Injections  0.1  to  07  c.c.         i^X)  to  x) 

Exceptions:     Liquors  of  Alka- 
line Citrates  and  Acetates..  ,-(o  c.c.  J 
Non-poisonous    Solid    Extracts ;    Pill 

Masses    0.2  to  0.7  Gm.    (gr.  iij  10  ac) 

poisonous     Tinctures     and     IVines:* 
Liquid  Opium  Preparattons;  Dilute 

Acids  0.3  to  i.^^  c.  c.       (mv  to  xx) 

Exceptions:^  Tr.  Aconite,  Slro- 
phantluis,  Cantharidis.  lodin.       0.3  to  0.5  c.c.    (Uliij  to  viij) 

Tr,   Onii   Campliorata to    15  c.  c.  (^ss.) 

Ac.   Hydrocyanic.    Dil 0,1  to  o.a  c.  c       (niii  to  iij) 

Non-poisonous  fluidcxtracts;  Spirits       2     to  5     c.c.  f5ss  to  j) 

NoU'poisonous      Tinctures,      li'ittes. 

and  Svrups 2     to  to   c.c.         C^ss  10  ij) 

flotorcd    ll'aters 5     to  15   c.  c.  f3j  to  iij) 

Infusions  and  Decoctions 15      to  IJOC.C,  (.Vs  to  ivl 

Exception:     Infus.  Digitali*...       5     to  15   c.c.  (5j  to  iij) 

(B)   PHARMACEUTIC  ASSAYING." 

Different  samples  of  vegetable  drugs  may  vary  widely  in  the  quan- 
tity of  active  constituents  which  they  contain  These  variations  are 
most  undesirable  from  a  therapeutic  standpoint,  especially  when  they 
occur  in  potent,  so  called  "  hrroic  "  drugs.    Inorganic  drugs  or  other 

*  In  prescribing  poisonous  prcparationt,  the  ntact   doK  must  alwavi  be  coo* 
luUrd   (sec  Index). 
■  Ewrciic  9. 
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cSefinHe  chemic  compounds  are  not  subject  to  this  variation;  but  in 
ynany  cues  the  removal  of  the  last  traces  of  innocuous  impurities 
^MTOuld  greatly  increase  their  cost  without  adding  to  their  therapeutic 
«j-  'V  ^.  The  pharmacopccia  has  therefor  aimed  to  furnish  quantita- 
t  •!*  uf  e^tinintiOT),  assays,  wherever  possible,  and   tu  establish 

^Fo^^.^a.  standards  to  which  medicinal  substances  must  conform.  With 
ivxirganic  drugs,  it  stales  the  largest  permissible  quantity  of  innocuous 
j*npuritics  ( usually  less  than  2% ).  With  crude  vegetable  drugs,  it 
$tate%  the  lowest  permissible  percentage  of  active  ingredient.  Assayed' 
galenic  preparations  are  directed  to  be  diluted  so  as  to  contain  a 
^c6nile  proportion  of  active  constituents,  corresponding  to  the  mini- 
^yium  permitted  in  the  crude  drug.  These  preparations  should  therefor 
f7<  preferred  to  the  crude  drug  whenever  accurate  dosage  is  desired. 

The  assay  of  inarganic  drugs  involves  the  wellknown  methods  of 
^>rdtnary  quantitative  analysis,  volumetric  processes  being  preferred, 
^prcul  tests  arc  furnishej  for  determining  llie  permissible  limits  of 
^^ctdcntal  ttttpu'ittis.  and  the  presence  of  harmful  substances,  such  as 

A  sencs  of  volatile  oils  arc  assayed   for  their  most   important  in- 
j^edicnt.     Fats  and  fixed  oils  are  tested  for  their  "iodine  absorption" 
id  "saponification    values";    resins    for   the    "acid   number";    some 
Eclable  products  for  their  ash.    These  tests  serve  mainly  for  iden- 

uion  and  the  exclusion  of  willful  adulterations. 
Frpsin  i.s  assayed  for  its  digestive  power  for  proteids,  pancreatin  for 
it*Tch.    In   resinous  drngs,  such   as  Jalap,   Scammony.  or  Guaiac,  the 
irroi'-nion  of  ether-   or  alcohdl-r^oluble  matter  is  determined. 

'1  ]\r  juasi    Mupnrtant    class    of   assays    refers    t(.i    drugi    containing 
ftllcaloiJ.il   principles,  utilizing   the  method  of  immiscible   SDlvcnts.  as 
ruialysis.    This  rests  on  the  fact  that   free  alkaloids  arc 
Ic  in  chloroform  or  ether,  whilst  their  salts  are  msoUible 
Hi  ^ululilc  in  water.     In  principle,  alkaloids  are  extracted  by 
or  filler,  or  a  mixture  of  both,  in  alkaline  reaction.     This 
-  then  shaken  in  a  separator  with  acidulated  water,  which 
he  alkalnids   into  salts  and   dissolves  ihem,  leaving  the   im* 
iiiiH      For  further  purification,  the  watery  solution  is  again 
I'r  :iline    and    extracted    with    chloroform    or    ether.    This, 
'    -  -,'i.»uvii,  leaves  the  fairly  pure  alkaloid  which  may  be  weighed; 
w  titrated,  by  dissolving  it  in  a  known  amount  of  acid,  and  titrating 
^^  *nh  alkali.     ICach  c,c,  of  acid  corresponds  to  a  definite  quantity 
^'^Ch  alkaloid   (a  table  of  these  is  given  in  the  U.  S.  P..  page  567). 
•>»'  ■\^'.:\\  of    He!l;idonna   is   typical   of  the   details   of   the   method.' 
f    to  observe  the   directions  minutely   to  obtain  reliable 
rncess   for  extracts  and   fluidextracts  diders  merely  in 
'  :tion  being  omitted,  etc.).     Tinctures  are  first  con- 
r.xtion. 
vMiuiaics  the  sum  of  all  the  alkaloids  present  in   the 
■  res   when   the   important  one  predominates  very   laryely 
...,:  •      When  this  is  not  the  case,  it  is  necessary  to  confine 
"*  **My  10  the  particular   alkaloid   desired,  generally   a   very   difficult 
^J"    In  Hydrastis,  advantage  is  taken  of  the  comparatively  greater 
JWMflTii|r  of  hydrastin  in  ether;  tn  Opium,  of  the  comparative  insolu- 
Win  of  thf  nikaloid   in  this  solvent.     In   Nux  Vomica,  the  brucin  is 
^^      '  '        vi^i^ing  it   with  nitric  acid. 

^  %:  alhifloidai  drugs  and  their  preparations  ore  directed  to 

'  '*-.  Belladonna.  Cinchona.  Coca,  Colchicum.  Coninm, 

"^•' ■'  '  Hyoscyamus,  Ipecac,  Nux  Vomica,  Opium,  Physo- 

*"8'^,   :,  ...,,..,..,    Scopola,    Strammonium.    /«    most   of   these,    the 
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alkaloidal  strength  amounts  to  0.35%  to  0.55%.  It  is  less  in  Physo- 
stigma,  greater  in  Cinchona,  Guarana,  Hydrastis,  Ipecac.  Nux  Vomica, 
Opium. 

The   following  alkaloidal   drugs   are   not   assayed:    Gelscmium,   Gra- 
iiatum,  Lobelia.  Sanguinaria,  Staphisagria,  V'eratrum. 

Drugs  which  depend  for  their  activity  on  neutral  principles  are  un- 
fortunately unsuitable  for  chemic  assay ;  there  being  no  reliable  chemic 
method  for  estimating  the  constilucnls  of  Apocynnm,  Cannabis  Indica, 
Convallaria.  Digitalis,  Ergot.  Podophyllum,  Rhamnus  Purshiana, 
Rheum,  Scilla,  etc.  Attempts  have  been  made  to  supply  this  deficiency 
by  physiologic  standardization, —  estimating  the  strength  of  a  prepa- 
ration by  comparing  its  effects  on  animals  with  those  of  a  standard 
product.  A  just  fatal  dose  is  generally  the  best  criterion  for  quantita- 
tive work.  These  life-tests,  however,  arc  never  as  accurate  as  the 
chemic  assay  of  alkaloids,  on  account  of  individual  differences  of  sus- 
ceptibility and  absorption  in  different  animals.  These  can  be  largely 
eliminated  by  using  an  extensive  series  of  animals;  but  the  expense  and 
labor  is  scarcely  warranted  by  the  results,  except  in  a  very  few  cases, 
for  instance  with  Digitalis.  Qualitative  physiologic  tests  of  drugs  of  ^ 
very  uncertain  activity,  such  as  Cannabis  Indica  or  Ergot,  are  more  H 
simple  and  deserve  to  be  encouraged.  The  only  physiologic  test  thus 
far  recognized  by  the  pharmacopoeia  refers  to  the  standardixation  of 
antidiphtlieric  scrum. 


I 


(C)  TABLES  OF  INCOMPATIBILITIES  AND 
SOLUBILITIES. 

L  INCOMPATIBILITY.' 

This  is  a  subject  usually  very  confusing  to  the  student,  since  it  con- 
sists of  what  appears  at  first  sight  a  vast  array  of  details.  However, 
it  rests  only  upon  an  application  of  the  ordinar>'  chemic  reactions,  and 
when  the  latter  have  been  mastered,  the  subject  is  comparatively  easy 
and  simple.  It  may  be  laid  down  as  a  general  rule  that  substances 
are  incompatible  if  they  are  used  in  testing  for  each  other  or  if  they 
form  antidotes. 

In  the  following  compilation  it  has  been  attempted  to  arrange  the 
incompatibilities  into  general  groups.  ^ 

In  this  generalization,  it  is  not  feasible  to  take  account  of  individual  ( 
exceptions.     Care  has  been  taken  to  err  on  the  safe  side.     It  is  much 
more  important   for  the  physician   to   remember   that  mercuric  chlorid 
is  generally  incompatible  with  alkaloids,  than  it  is  to  know  that  it  may 
be  prescribed  with  some. 


Incompatibility  is  said  to  exist  zvhen  the  constituents  of 
a  mixture  interfere  xvith  one  another  in  a  tvay  not  intended 
by  the  presenter. 

If  such  an  interference  is  intentional,  it  is  called  an  in 
ientional  incompatibilit\,  as  in  the  preparation  of  "  yellow 
wash/' 

If  a  chetntcal  change  occurs,  the  incompatibility  is  called 
chemical. 


I 
1 


Exercise    8. 
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When  it  consists  in  a  precipilati(jn  of  the  substance  by  a 
change  in  the  solvent,  or  when  a  cheniic  incompatibility 
does  not  interfere  with  the  active  substance,  but  produces 
an  unsightly  appearance,  it  is  pharwaccntic. 

If  the  interference  is  with  the  solubility,  or  if  liquefaction 
or  deliquescence  occurs,  the  incompatibility  is  mechauic. 

When  without  causing  any  chemic  changes  it  interferes 
ttith  the  physiologic  action  of  the  ingredients,  it  is  thera- 
peutic, 

TABLE  Vl.-THE  MOST  IMPORTANT  INCOMPATIBILITIES, 
ARRANGED  HY  GROUPS. 

(A)  Chemic  Incompatibility.^  f I)  Ex[)losive;  (II)  Pre- 
cipitation; (III)  Production  of  body  with  undesired  prop- 
erties. 

1.  Expletives, — 

r  Spomancously  inflammable  substances   (phosphorus). 
^  Substances   uhich   explode   on   heating   (KCIO*.  acetozone,   bcnzo- 
rone). 

J.  Suhfiances  which  explode  on  mixing  (3).     (Sec  below.) 

4  S^b^t.1nces  which  cause  a  more  gradual  evolution  of  gas    (4). 

tSuhvianccs  which  cause  an  evolution  of  heat   (H»SO(  and  water). 
Subsuncc?.    which    should    he    guarded    frnm   fire    (ether,    alcohol. 
Itenrio,  collt>dion,  turpeniinc,  camphor,  essential  oils,  etc.). 

^  StTBSTAXCES    WBtCB    EXPLODE    ON'    MIXtKG  t* 

i,  o)  Substances  containing  loosely  combined  oxygen,  such  as : 
Chromic  acid;  Concentrated  nitric  actd  and  nitrates;  Per- 
man^anates;  Chlorates,  brtimates.  or  iodates;  acelo:one,  tten' 
zoCifHc: 

with  easily  oxidizable  substances,  such  as:  All  organic  sub- 
sunccs;  Sulphur,  sulphids,  sulphites,  and  hyposulphites; 
IfKlin  ami  indids :  Phosphorus,  phosphites,  and  hypophos- 
phitc»:   Reduced  iron. 

vfr)  Jodin    (with    any   oxidizing    agent);    also    with   Ammonia    or 

^  turpentine. 

<<-)  Chtorin;  with  NH.Cl. 


E»»^i 


my 


EXPLOSIVE  MlXTrRES. 

wM    only    occur    wbrn    the    Miti«t.tncc»    ttre    dry,    or    ai    least    con* 
<n    IhcY    are    healed    or    »crcusM;d. 

fi/  may  t>c  mixrd  wiihuui  d.-inser  if  not  heated.  Gtycerm. 
ne  caac4  alcohol,   behave   like  dr^  s<}lidB. 

of  [Mtash  OT  chromic  acid  or  nitrate  of  stiver  will  decomportc 
even  in  ftolutiun,  but  in  this  case  without  cxplnsion.  Acctoxone 
-n. 

'  iw   mixed  without  cnncusaion,  but  even  this   should  be  avoided. 

P*'  :.vorable   10   explo»ton   may   anse    after   they   leave   the   bands   of 

''  nn    these    easily    decomposed    lubstancci    are    best    made    with 

""^i^  ,t     fclay    and   vaselin). 

^'•uin.;ri,  (•intatiiinK  looftcly  combined  oxygen  may  exiilode  on  coneuisian 
"  ■■••*«»  when  no  rcd«cin«  substances  hnve  been  added;  this  is  due  to  ihcir  con- 


T. 


^■*°><  fast  or   other   organic   matter.     They    should    therefore    be   handled    with 
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4.  Substances  which  cause  a  gradual  evolution  of  gas: 

HCl  jvith  HNO^ 
Strong  acids  with  KCIO^   (CI). 
Strong  acids  with  alcohol   (esters). 
Acids  with  carbonates   (COi). 
Acids  with  sulphids  (HsS). 

11.  Incompatibility  by  Precipitation.— 

1.  The  following  iNnkr.ANir  Bases  or  their  salts  precipitate  the  fol- 
lowing Inorganic  Acids  or  their  saUs: 

(a)  Salts  of  metals  and  earths  are  precipitated  by  HO,  O,  COa, 

PaO»,  BOi,  oxalic  acid,  and  the  corresponding  salts  of  alka- 
lies. 

(b)  Salts  of  mctafs:  by  the  above  salts  of  earth;  also  by  sulphids, 

arsenates,  arscnites,  and  tannin. 

(c)  Mercury  salts  should  not  be  prescribed  in  solution  with  other 

metals,  as  a  general  rnle. 
(rf)  Salts  of  Ag.  Hfiious).  Pb:   by  CI,  Br,  I.     iUfiCU  also  precipi- 
tates by  iodids.  soluble  in  excess  nf  reagents). 

(e)  SaUs  of  Fb,  Ca.  Sr,  Ba:  by  S0«.    Strong  solutions  of  Ag.  arc 

also  precipitated  by  SO*. 

a.  The   following   Sai.tr  of  Mftai.s  precipitate  the   following  Or- 
ganic Sl^dstances: 

(fl)  All  metallic  saits:  proteids,  tannin,  acacia. 

{b)  Some  metallic  salts   (esiJccially  double  salts):  alkaloids. 

(f)  Silver  sails:  all   organic  substances. 

(d)  iron  salts'  salicylic  nr  irarbolic  acid  or  their  salts  produce  a 
purple  color. 

3.  Organic   Substances:    The    following   incompatibilities   by   pre- 
cipitation are  important : 

{0)  AH  are   incompatible   with   oxidizing  agents    (compare   explo- 
sives) and  with  silver  salts. 
(6)  Alkaloids,  proteids.  and  tannin  are  precipitated  by 
Many  metallic   salts,  especially  mercuric. 
Double  iodids  or  bromids  and  free  iodin. 
Picric  and  salicylic  acid,  and  Iwrates. 
Alkaloidal  salts,  in  addition,  liy  free  bases  and  carbonates. 
Strychnin  salts,  by  hromids  and   iodids. 
s'ilkaluids  and  proteids,  by  tannin. 

Acacia,    gelatin,    and    proteids.    by    alcohol,    liorax,   Tr.    fern 
chloridi. 

(c)  Antipyrin:  by  same  precipitants  as  alkaloids. 
By  KI. 

Fc-Cl<  =  reddish  color. 
Spirits  of  nitrous  ether  =  green  color  or  precipitate. 

(d)  Chloral:   when   in   alcoholic   solution   by  strong  solutions  of 
salts,  especially  bromids. 

Alkalies  cause  decomposition. 
Camphor,   in   dry  state  =  liquefaction. 
Camphor  and  the  coal-tar  antipyretics  also  liquify  with  men- 
thol,  thymol,   salol,   and   naphlhol 
(c)  Salicylic  acid,  by  iron  salts,  iodids,  and  some  alkaloids. 

Salicylates,   hensoates,    and   borates  are    precipitated   by    free 
acids. 
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'{)   Tannin,  by  metallic  salu/  alkaloids,  gelatin  and  albumin,  car- 
bonates. 

111.  Production  of  a  Substance  with   Undesired  Properties, — 


(a)   lodids.  Broimds, 
lodates   Bromatcs, 
Chlorates  : 


with  i^trong  mineral  acids  or  strong  ox- 
idizing agents,  such  as  KCIOt, 
H,0,,  HNO^  KMnO.  =  production 
of  1.  Br,  or  CI. 


(6)  Olucosids  with  acids. 

U>  Chloral  with  alkahcs   (=chloroform). 

(B)  Fharmaceatic  Incompatibilities. — 

1.  Aicohol  should  not  l>e  added  to : 
Acacia,    gelatin,    proteids,    emulsions,    strong    salt    solu- 
tions. 

2.  Water  should  not  be  added  to: 
Alcoholic   liquids    in   general    (such   as   tinctures,    spirits. 

fluidextracts). 
Ethereal  liquids   (olcoresins).  oils. 
(Carbolic  acid  should  not  be  mixed  witli  collodion.) 

3.  Clycyrrhi:a  and  acids. 

Tf%t  following  drugs  are  almost  universally  incompatible,  and 

*botiId  ihcrelore  be  prescribed  alone,  if  possible: 

Strong  mineral  acids,  Pb(CiHiO±)i, 

HgCU  KMnO.. 

KI,  Alkaloids, 

AgNCX,  Tannin. 

(C)  Therapeutic  Incompatibility. — 

■"or  tximplc  ;      Hilocarpiri  jnd  almpin. 

II.  SOLUBILITIES. 

^*    i<:  wfll  |n  have  a  general   idea  of  the  soUibiltty  of  the  substances 
•'.^  -cribcd.    The  subjoined  cmnpilaiiiins  will  be  found  useful  in 

'  linn.     A  knowledge  of  analytic  chemistry  and  of  incompali- 

J"^ 'Jcs  4:4n  aI>o  be  utilitrd  here,  for  a  substance  appearing  as  a  prccjpi- 
**l*  is,  of  course,  relatively  insohiblc. 

''"-'^tlLE  Vn.— GENERAL  SOLUBILITY  OF  S.ALTS  IN  W.XTER 
^1y  tho«e  commonly  prescribed  are  included  (not  those  which  are 
ifTtie-fj  f>nty  in  incompatifile  prescriptions). 

^'  ^rnn^d  by  Acids. — 
'"''•up  ki    Salts  Mostly  Soluble.— 

^  '^ctttttrs  and   Sitratcs     all  soluble    (except   bismuth   subnitrate). 
^  Halogen  erouf"    (=  iotlids,  hromids,  and  chlorids) :     Soluble,  ex- 
cept Ag:  Hg  (ous")  :  Ph;  Hi. 

j^TV  hir(»Rin*t<l>i1ity  of  fannin  with  iron  is  especiillT  important,  siocr  )(  i» 
Mm  .i,.,„ki..  ,  j  „;„:..-.   j^^n   Mlt«  with   a  Witrr  sub«tancc.     PractJcilly  the 

"■''  "(/««m!»ii,  QMasfi*i.  and  alkotoidt. 

.  such    ai    tbc    Elixir    of    Gcniian    N.    K,    may    also 
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3.  SuiphaUs:     Soluble,  except  Pb,  Sr,  Ba;  Ca  sparingly  soluble. 

4.  Tartrates  and  Citrates:  mostly  soluble. 

Group  B:    Salts  Mostly  Insoluble.— 
I.  Arsenates 

Arsenites 

Carbonates 

Hydrates  (Ca  sparingly  soluble) 

Oxids 

Oxalates 

Borates 

Phosphates 


Insoluble,  except  those  of 
alkali  metals. 


n.  Arranged  by  Base. — 

The  salts  considered  in  this  table  are:  Acetates  (Ac),  Halogens 
(H).  Oxids  (O),  Sulphates  (S0«),  Phosphates  (PO*).  Oxalates 
(Ox),  Carbonates  (CO.).  Sulphids  (S),  Nitrates  (NO.).  Citrates 
(Ci).     Hydrates  agree  with  oxids. 

Those  of  the  above  salts  which  are  ho*  mentioned  with  the  re- 
spective base  are  insoluble. 

1.  Alkali  Metals  (  — Na.  K.  NH,)  :  all  soluble. 

2.  Lithium:  Soluble,  except  O  and  CO»,  sparingly  soluble,  and 
PO*,  insoluble. 

3.  ^fg,  Al:    Soluble:    NO.,  Ac,  H,  Ci,  SO^  S. 

4.  Ca.  Ba.  Sr:     Soluble:     NO^  Ac,  H.  Ci,  S;  sparingly:     O. 

Zn,  Mii,  Ni,  Co,  Fe  )  Soluble:     NOi,  Ac.  H,  Ci,  SOi   (mercuric 
*    Hg  (ic),  Cu,  Sn        )      iodid   is   insoluble). 

6.  Ag:    NO..  SO.. 

7.  Pb:     NO^  Ac, 

8.  Bi,   Sb:     Only   soluble    in    form    of   double    organic   salts    (e.  g.. 

Bismuth    and    Ammonium    Citrate:    Antimony    and    Potassium 
Tartrate. 

9.  Mcrcurous:     Insoluble. 

in.  Strength  of  Watery  Solution,  in  which  commonly  used 
salts  may  safely  be  prescribed. — {  It  must  be  remembered 
that  where  several  salts  are  prescribed  in  the  same  mixture, 
the  solubility  of  each  is  apt  to  be  lowered.) 

The  exact  solubility  of  important  substances  will  be  found  in  the 
appendix. 

The  following  table  gives  the  amount  of  very  commonly  used  drugs 
which  can  be  safely  prescribed  in  water  enough  to  make  100  c,  c. 
These  should  be  memorized : 


SO  Cms: 


5  Cms: 


(^5iv   in   water   q.    s.    '^j)    Tannin ;   Antipyrm ;    Acetate. 
Citrate^   Salicylate,  Iodide  or  Rrnmirie  of  Potassium  or 
Sodium;    AgNO»;    ZnSOi:    Chloral; 
chlorid. 
(=25   grains   in    water  q.    s.   ^j*)    Alnm: 
Borax:    KQO. :     NaHCC;    HgCT,: 
Quinin    Bisulphale ;   Citrated    Caffcin ; 
the  soluble  salt«  nf  alkalies,  earths,  and  metals. 
Smaller  Quantities:     Boric  Acid.  4:   Morphin  Sulphate,  4.5;  Quinin 
Hydrnchlorid.  3:  Quinin  Sulphate,  0.13:  Strychnin  Sul- 
phate, 2. 


Cocain    Hydro- 
Carbolic   Acid : 
Tartar    Emetic: 
the   majority  of 


I 


SOLUBILITY. 


79 


JV.  Solubility  in  Different  Media. — 

As  a  general    rule,   inorganic  substances  arc  more  soluble   in   water 
t.lun  in  alcohol. 

Basic  alkaloids  are  insoluble  in  water,  more  soluble  in  alcohol. 

.•ilkaloidal  salts  arc  soluble  in  eilher  atcohn]  or  water. 
_  Cums  are  soluble  in  water,  insoluble  in  alcohol.     Resins  and  essen^ 
fdal  oils  arc  the  reverse. 

Un  making  mixtures,  it  must  be  remembered  that  spirits,  tinctures, 
3.rd  fluidextracts  all  contain  alcohol.) 

Glycerin  stands   intermediate   between   alcohol    and   water  as   a   sol- 

Tbe  following  substances  arc : 

;.  practically  insoluble  in  water:     lodin,  calomel. 

/.  SolmhU  w  water,  but  almost  insoluble  in  alcohol:  Alum,  NH«Q, 
^OOs,  tartar  emetic.  ZnS04,  Borax. 

J.  Much  more  soluble  in  glycerin  than  in  water:  Boric  acid,  alum, 
<^ATbolic  acid.  HgCli. 


CHAPTER   V. 
TOXICOLOGY. 


Toxicology  is  thai  part  of  pharmacology  which  treats  of 
l»c>isons. 

The  details  of  the  actions  of  poisons  will  be  con^sidered  in  part  II, 
m  cr,rn«-riirtn  With  the  individual  poisons,  but  a  general  outline  of 
^'  iT   analysis  and  of  the  treatment  of  poi.soning  may  6nd  a 

P  ■ 

(definition. —  A    poison    (from   potion,  a    draught),    by  the   broadest 

defiiiii:,-,n.  is   a   snbftancc   the  administration  of  which    is   injurious  to 

***^llh    Howc\'er.  injurious  mechanical,  physical,  or  bacterial  agencies 

***  not  commonly   classed  as  poisons;   nnr  are   the   substances    which 

P'^DCc  injurious  effects  only  in  very  large  doses   (say  over  50  Gms/), 

'*  i'  vfry   difficult    to   give  a    definition    which   will    not   be   ambiguous 

in  •omc  cases.    The   following  covers  most  of  the  points  which  must 

«  considered  in  classing  a  substance  as  a  poison ; 

.  ^Poison  is  any  substance  which,  acting  directly  through 
^^i  inherent  chemic  properties,  and  by  its  ordinary  action,  is 
^^t^hJe  of  destroying  life,  or  of  seriously  endangeriut^ 
mlth^  when  it  is  applied  to  the  body,  externally,  or  in  mod' 
*^^ie  doses  (to  50  Gms.)  internally. 

uloiogy  of  Poltonlng. —  Poisoning  may  result  through  criminal 
^  wtciflal  intent,  or  through  accident.  The  statistics  of  the  relative 
ItviUfTinr  n(  the  different  forms  of  poisoning  var>'  from  year  to  year, 
^'^  *ith  each  cottntr)*  Suicidal  poisoning  is  prohnhly  the  most  fre- 
flontt  nearly  a   half  of  the  suicides  in  the  United  Stales  being  due  to 

II  tt  calculated  that  here  five-sixths  of  all  suicidal  cases  are  due  to 
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carbolic  acid.  There  is,  however,  a  fashion  in  poisons,  as  in  other 
things.  This  is  greatly  fostered  by  the  notoriety  which  the  news- 
papers give  to  tliese  cases. 

Symptoms  of  Poisoning;  and  Classification  of  Poisons. —  Sus- 
pii'ion  of  poisoning  is  aroused  if  a  pcr.son.  previously  in  good  health. 
manifests  rather  suddenly  marked  pathologic  symptoms,  which  become 
rapidly  worse.  The  suspicion  becomes  more  firm,  if  the  phenomena 
appear  a  short  time  after  swallowing  some  substance  which  may  per- 
haps have  an  unusual  odor  or  taste;'  if  tliey  agree  in  character  with 
those  produced  by  some  group  of  poisons,  and  if  they  do  not  agree 
with  any  other  disease. 

With  reference  to  these  symptoms  several  classes  of  poisons  are 
quite  well  defined : 

I.  Irritants.—  These  produce  inflammation :  if  they  are  taken  by 
the  mouth,  there  is  pain  throughout  tlie  alimentary  canal,  vomiting, 
purging,  delirium,  coma.  Most  iioisons  arc  to  some  extent  irritant, 
so  thai  these  symptoms  are  almost  universally  present.  The  irritants 
can  be  subdivided  into  corrosix'cs.  which  produce  a  direct  destruction 
of  tissues;  and  iimpU  irritants,  which  do  not.  If  corrosives  are  takea 
by  the  stomach,  the  vomit  is  often  bloody. 

3,  Nerve  Poisons. —  Tliesc  act  on  tnc  neuromuscular  apparattis, 
and  include  mf»^t  nf  the  poisons  which  are  fatal  in  minute  doses. 
Tht-y  are  sulnlivided  into;  Convutsants,  which  cause  spasms;  Som* 
fiifacientSi  causing  sleep  and  coma :  and  Cardiac  poisons,  which  stop 
the  heart. 

3.  Blood  Poisons. —  Those  which  alter  the  hemoglobin  or  blood 
corpiisclcs.  Thcjic  inchidc  the  toxic  gases,  the  nitrites,  etc.  Their 
action  is  generally  characterized  by  cyano.sis. 

It  must  not  be  supposed  that  the  action  of  a  poison  is  confined  gen- 
erally  to   one   class   of   structures   or   functions.    All    functions    suffer 
directly  or  indirectly,  and  whatever  the  class  to  which  the  poison  be- 
longs, the  final  cause  of  death  is.  in  almost  all  cases,  a  paralysis  ^^M 
reVipiration.  preceded  by  the  phenomena  of  asphyxia.    In  virtue  of  thefl 
latter,  or  through  other  cau*>cs,  the  urine  often  contains  sugar.  ^ 

The  irritants,  and  especially  the  corrosives,  produce  lesions  which 
can  be  demonstrated  at  At^iopsv.  With  other  poisons  the  post  mortem 
examination  is  generally  negative.  The  Spectrum  of  the  Bi.000 
shows  characteristic  changes  with  some  poisons.  These  are  also  ap! 
to  cause  ecchymotic  discoloraiions  of  tnc  skin.  Antiseptic  poisons] 
delay  the  putrefaction  of  the  body,  so  that  mummification  may  result. 
Convulsive  piMsons  quicken  the  onset  of  rit^or  mortis. 

Duties  of  the  Physiclap  in  Cases  of  Poisoning. —  These  are  two- 
fold:  to  save  life  or  suffering,   and   to   forward  justice.    The    former^ 
object  requires  the  removal  of  the  poison,  the  administration  of  cheni*S 
jcal  antidotes,  and  the   treatment* of  the  symptoms.  ^ 

For  the  detection  of  the  poison,  and  to  aid  in  fixing  the  guilt  on  the 
proper  person,  the  physician  must  carefully  observe  the  symptom?, 
take  possession  of  any  suspected  material,  medicine,  vomit,  etc..  ai»(i 
in  case  of  autopsy,  preserve  the  stomach  and  its  contents,  the  intes- 
tines and  contents,  blood.  liver,  kidneys,  and  portions  of  other  organs* 
separately,  without  antiseptics,'  in  clean,  hermetically  closed,  glass  ves- 
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^  It  miiy  appear  stranec  thai  poisons  which  possess  a  pronounced  and  disa- 
^eeahle  taste  coiiM  be  used  for  criminat  poisoninc.  except  with  infants;  but  » 
■noniral'»  thouKht  will  show  that  if  u  liquiii  U  taken  unsuipcctingty.  the  taste 
is   not    nnticeil    until    a    Urtic    .imount    has   heen   swallowed. 

-  Kvfn    clucoaid   and    alkaloid    poisons    can    he    isolated    for    a   lonff   time    (i6« 
to  i70   days)    from  putrifying  masfes      Some  iKiisons,   however,  disappear   rapic" 
(Phasphortis,   Cyanid,    Picroioxin,    Phenol.    &c).     Strychnin   and  morphin   arc 
persistent. 


e    (i6«_ 
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ii  whicii  -ihouM  be  scaled  witli  wax*    An  exart  zvritten  record  ni^W 
tlic  observations  should  be  made  ait  soon  as  pfj^Mblc. 

The  symptoms  in  cases  of  suspected  poisoning  arc  very  rarely  suflfi- 
cient  !o  affirm  the  presence  or  nature  of  a  poison,  although  they  may 
be  of  great  aid  to  tlie  analyst.  The  final  prouf  rests  generally  as  the 
result*^  of  the  cftemic  exammalton.  So  much  depends  on  this  analysis, 
Uui  il  should  never  be  undertaken  by  anyone  who  has  not  had  ex- 
ijve  experience  in  this  class  of  work,  and  who  has  not  the  neces- 
faaliticb.  It  lies  entirely  outside  of  the  scope  of  the  practicing 
p^jnsician.  The  latter  should,  however,  be  familiar  with  the  general 
oullme  of  the  process  used  for  isolating  poix>ns;  and  with  3uch  chcmic 
test*  as  may  be  quickly  applied.  These  tests  arc  often  valuable  for 
diagnostic  and  thera;>eutic  purposes.  The  physician  is  also  expected 
to  give  expert  testimony  on  toxicologic  questions,  and  to  do  this  in- 
leiligcntlv,  he  must  have  at  least  an  clcmeniary  knowledge  of  toxi- 
eol'tgic  anab-sis.  snch  as  is  furnished  in  the   following  section. 

Some  poisons  can  he  demonstrated  much  better  by  tests  on  animals 
th»n  by  any  chemic  tests.  For  this  object,  they  should  be  isolated  in 
i\  pure  a  form  a<  possible,  by  the' methods  laid  down  in  this  section. 
"Hie  application  of  these  life  tests,  which  have  not  hitherto  received 
tht  ittrntion  that  they  deserve,  falls,  peculiarly  into  the  province  of  the 
Kiemifically  trained  physician. 

OL^TLINE  OF  TOXICOLOGIC  ANALYSIS.* 

The  firji  doty  of  ibc  anal>*5t  ts  to  guard  the  material  confided  lo 
^™  from  thr  tiilful  or  accidental  introduction  of  poisons.  For  this 
r»'T»»e.  precaution  must  be  taken  thai  no  other  person  has  access  to 
it>«  tnaterial ;   and   every   reagent   and   apparatus   must   be   tested   pcr- 

KNUfly. 

^»  «  rule,    the    Hiflferent   organs    must    be    kept    strictly    separated 

■1  -"iiulinut    the    analy>»ts.     It    will    depend    on    circumstances    whether 

1^*    rilisi^   of  the   individual   organs   is   made   at   the   sainc   time,  or 

\f  the   latter   is   decided   on,   the   largest  organ,   or    that 

to  contain   the   poison,   is  examined   first     It  may  l>e   ad- 

;  '■  =.  Uwcver.  to  mix  a  weighed  quantity   (one  fourth  or  one  third) 

"  ■''•  wmmviniled    organs,   and    lo    use    this    mixture    for   the    first 

^  ict  the  material  to  be  analyzed  is  usually  limited  in  amount,  and 

^'   -t  bf  replaced,  the  examination  must  lie  arranged   in  such  a  way 

"  tiwny  tests  as  possible  can   be  made   successively   on  a  single 

''■■v.'-  Ml   -t  .r    Tnaterial.     An    economy   of   time   and    material    is   also 

"iig,  as  quickly  as  possible,  some  idea  of  what  poisons 

This   may   be   done  by   some  easy   preliminary    tests, 

'  u>mg  vKftUed  *' gronp-reaclions "   which,   if  negati%'e,  will   ex- 

'"*  Clumber   of  suKstances.     The   5>'mptoms    may  also   ha\'e    fur- 

■    imjwrtant   hints,   but  should  never  prevent   the  complete 

of  the  substance. 

n    and    the    preliminary    search    for    the   poison, 
lUt    tests    should   be   applied.     When    the  poisi^n 

-  " ("1.  'i"wcver,  it  should  be  subjected  to  every  known  test 

WDjIe  of  the  isiilated  poison  should  be  preserved,  in  stable  form. 

^— ^ '  ft    Tare    or    specially    markrtl    coin,    or    n    key,    may   serve    to 

.  ^  ~>iiiuld    be    ttudteil    in    cuttnection    witti   tlie    practical   exerciser 
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The  Systematic  Ezamination  is  begun  by  a  careful  inspec- 
tion of  the  portions  of  the  alimentary  canal.  These  are 
opened,  and  extended  on  an  inverted  evap<irating  dish,  mu- 
cous surface  upward.  Pathologic  lesions  are  looked  for. 
as  also  particles  of  the  i)oison  which  may  be  adherent.  A 
magnifying  lens  should  be  employed.  (Granules  of  arsenic 
have  t)ften  been  isolated  in  this  way.)  The  contents  of 
the  alimentary  canal,  or  vomited  matter,  are  subjected  to 
a  similar  close  inspection.  The  odor  should  be  carefully 
observed. 


I 


During  this  examination,  the  reaction  to  litmus  paper  should  be 

noted    (caustic  acids  or  alkalies). 

Each  organ  is  then  hashed,  carefully  weighed,  and  replaced  in 
hermetically   scaled  jprs.' 

For  thf  actual  isolation  of  the  poisons,  each  organ  is  divided  into 
several  parts,  carefully  weighed.  If  the  quantity  of  material  is  very 
scanty,  two  equal  portions  will  suffice:  one  is  reser.ed  for  preliminary 
tests,  easily  decomposable  poisons,  and  control :  the  other  is  exam- 
ined successively  for  easily  volatile  poisons,  for  fixed  organic  poisons,  M 
and  for  metals  H 

Ordinarily,  four  equal  portions  may  be  made:  I.  Volatile  poisons; 
then  for  metals.  11.  Fixed  organic.  Ill,  Preliminary  tests  and  de- 
structible poisons.     IV.  Control. 
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Volatile  Poisons —  A  portion  of  the  material  is  acidnlated 
with  tartaric  acid  (  ad<ling  water  if  necessary),  and  distilled 
from  a  flask  ^r  retort  connected  with  a  Liebig's  condenser." 
It  is  advisable  to  pass  a  slow  current  of  live  steam  through 
the  mass.  The  distillation  is  continued  until  about  t^vo- 
thirds  of  the  liquid  have  been  collected.  The  distillate  is 
collected  in  three  portions,  and  tested. 

Thr  t*nHcipQi  preliminary  tests  which  arc  to  be  applied  to  the  distil- 
late are;  the  odor  (volatile  oils,  chloroform,  ether,  turpentine,  etc.); 
phosphorus  (sec  helow):  carbolic  acid  (Exercise  X,  No.  i8f )  :  HCN 
(Ex.  X,  No.  27b)  :  alcohol  (Ex.  X,  No.  ag)*  ;  chloroform  and  chloral 
(Ex.  X.  Nos.  JO  and  31 ). 

The  odorons  principle!^  and  hydrocyanic  acid  arc  generally  found  in  ^ 
the  first  fraction  of  the  distillate,  phenol  and  chloral  in  the  last  I 

Phosphorus. —  A  preliminary  test  for  this  element  initst 
be  made  with  the  silver  nitrate  and  lead  acetate  papers  (seeJ 
Exercise  lo.  No.  33),  before  the  distillation  is  begun.     If" 

>  As   soon    as   the   absence  o(    volatile   pntKont   has    been    proven,    the   c«ntvtit«  -— 
of   the   ;ar»    tnay   be   covered  wiih   05%  a1coh«l.  ^ 

*  See    l>elow    for    tjircial   anangefnent    to    t»c    ti!M.>d    when    phnsphortif   \%   presences 

*  .Mcoho)   is  only  imt^ortant  if   it   ii   present  in   large  amounts,  such   aa   w(>ut(t" 
be   JndicatM    by    ibe    tett   J9e.     Sfflaller    quantities   may    be   prcaenl   accidentally 
or   as    antidote 
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this  test  indicates  its  presence,  the  condenser  is  set  upright 
(  Fig.  43),  and  the  distillation  is  carried  on  in  a  darkened 
HM-tm.  All  air  is  expelled  from  the  apparatus  by  a  stream 
of  carlxm  dioxid.  This  is  then  shut  off,  and  replaced  by 
live  steam,  the  flask  being  heatetl  at  the  same  time.  If 
phosphorus  is  present,  a  luminous  ring  appears  in  the  tnl>es 
•  ir  condenser,  shifting  its  position  when  the  heat  applied  to 
the  flask  is  altered  (Mitschcrlich's  Method),  The  appear- 
ance of  this  phenomenon  proves  the  presence  of  phosphor- 
us absolutely. 


u 


ThtTt  are,  however,  quite  a  number  of  su!>stanccs  the  presence  of 
hich  interferes  with  the  formation  of  this  ring.     Almost  any  volatile 

ubsiAnce   may   do  so:  turpentine,   chloro- 

iCTm.  ether,  alcohol;  and  alcohol   is  often 
Tfvm,  as   it  is  usually  given  as  an  anti- 

The  absence  of  llic  ring  does  not,  there- 

f*yTt.    prove    the    absence    of    phosphrirns. 

The   distillate  will   contain   phosphorus   in 

the  tower  stages  of  oxidation,  as  plios- 
phorui  or  hj-pophosphorous  acid.  The  bc^^t 
*^y  10  prove  phosphorus  in  this  is  to  acid 
*ow>e  bromin  water  to  the  distillate  and  u* 
2[*p9falc  to  dr?-ncss.  This  results  in  phos- 
P'^'^ric  acid,  which  may  be  demonstrated  by 
l^^ffTifMA  mixture  nr  ammnnium  molyb- 
lUtr  Tin-  quantitative  determination  of 
P  is  not  important ;  because  if  it 

'"  at  all,  it  js  present  as  a  toxic 

agrriL 


43- —  MituctKrrlich 
ratiiit- 


appo- 


Cyanids. —  The  presence  of  mere 

'^aces  of  hydrocyanic  acid  in  the  dis-  Fig. 

filiate  is  no  proof  of  poisoning,  since 

tnc^e  may  have  been  introdnccf]  in  the  way  of  food  (almonds 

'^'1'  *"»ther  seeds).     A  qmintitativc  cstimaiiott,  by  means  of 

*'*>ver  nitrate,  may  be  necessary.     The  qualitative  proof  also 

'^'luirc^  two  further  precautions : 


^'th  the  melhdd  which  we  have  given,  fcrrocyanids  might  also  he 
™'>nipovc<!  .ind  give  rise  to  hydrocyanic  acid:  and  since  fcrrocyanids 
^  lot  toxic,  this  would  lead  to  wrong  conclusinns.  To  eliminate 
™^  Ine  original  liquid  is  filtered  and  the  Prussian  blue  test  applied  to 
fl  Offtcdy  Mercuric  cyanid  does  not  yield  its  hydrocyanic  acid  in 
™"  •'•;jtmcnt.  If  it  is  suspected,  the  material  must  he  treated  with 
''J^twi  culp^iid 

"**tilUtion  from  Atkaline  Solution. —  It  is  sometimes  recom- 
™JWhl  (f,  3(j,i  v\;,^^r  10  ih«»  residue  in  the  retort,  to  make  it  alkaline 
*"'•  Miimi  carbonate,  and  to  distill  again.  The  distillate  contains 
"wnij^nium,  amines,  chloroform  (if  chloral  was  present),  and  the  vola- 
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lilc  alkaloids.  This  step  may  generally  be  omitted,  as  these  poisons 
arc  discovered  in  other  parts  of  the  process;  or  a  Mnall  sample  may  be 
heated  in  a  te&t-tubc  with  sodium  carbonate,  and  tli«  odor  noted 

Extraction   of   Fixed   Organic    Poisons The    extraction, 

separatitai  and  purificatiuii  of  these  poisons  are  based  on 
their  special  snitibility  in  certain  solvents.  As  a  rule,  they 
are  all  fairly  s(ihil)le  in  acidnlalerl  water  and  alcohol.  The 
neutral  princi[)les  are  removed  fn)m  the  acid  watery  s<.>lution 
by  ether  or  chlorufnrm.  The  alkaloids  are  only  dissolved 
bv  these  substances  after  the  addition  of  an  alkali. 


Variou.s  methods  are  in  use.  The  most  practical  is  that  of  Stas* 
Otto,  slightly  modified: 

§  T.  Tile  poisons  are  first  brought  into  solution  by  boiling  the  ma- 
terial, if  solid,  with  about  five  parts  of  water  for  fifteen  minutes 
(or  the  residue  remaining  after  the  distillation  of  il)e  acid  solution 
may  be  used).  The  mixture  is  cooled  and  strained.  This  removes  fat, 
coagulable  proicid.  fibre,  etc} 

§2.  The  strained  solution  is  evaporated  at  a  low  temperature  to  a 
syrupy  consistency,  and  boiled  with  twice  its  volume  of  alcohol,  for 
fifteen  minutes.  The  evaporated  alcohol  is  replaced.  It  is  then  fil- 
tered, and  the  filter  washed  with  alcohol.  This  removes  salts,  non- 
coa^uhble  f^rntcitis,  etc. 

§j.  The  alcoholic  filtrate  is  diluted  with  an  equal  voliamc  of  water 
and  filtered  This  rentmrs  rcsit^s,  fats,  etc.  (The  residue  may  be 
examined  for  cathartic  resins  and  crotiui  oil.)  (I'"or  further  purifica- 
tion, the  filtrate  may  be  again  treated  by  §§2  and  j.) 

§4.  The  filtrate,  which  should  have  an  acid  reaction,  is  now  shaken 
in  a  scparatory  funnel  with  10  c.  c.  of  ether.  This  is  drawn  off,  and 
the  same  process  is  repeated  twice.  The  ether  removes  neutral  prin-  fl 
ciplcs,  picric  acid,  and  salicylic  acid.  It  is  filtered  and  allowed  to  fl 
evaporate  in  a  glass  cnpsnlc.  ami  the  residue  is  purified  and  tested 
for  these  acids,  for  caffcin,  cautharidin,  colchicin,  digitalin.  picrotoxin, 
and  the  coal-tar  antipyretics. 

§5-  The  watery  solution,  remaining  from  the  extraction  with  ether 
in  the  last  paragraph,  is  now  made  fairly  alkaline  with  sodium  car- 
bonate (to  liberate  the  alkaloids)  and  again  extracted  with  ether,  as 
in  the  last  paragraph.  From  this  alkaline  solution,  the  ether  rewoz'es 
all  alkaloids  except  morphin.  The  ethereal  layer  i;^  filtered  and  evap- 
orated, the  residue  is  purified,  and  te-^ted.  first  by  potassium  mercuric 
iodid,  then  for  physosti^in,  apomorphin,  nJcotin.  coniin.  veratrin. 
strychnin,  brucin,  atropm.  cocain,  codein,  narcotin.  emetin,  and 
aconitin.  J 

§6    To  isolate  the  morphin.  the  watery  liquid  remaining  in  the  last  ^ 
paragraph,  is  made  acid,  then  alkaline  by  ammonia,  and  shaken  at  once 
with  acetic  elher.  nr  with  hot  amyl  alcohol. 

87    Tm   tcit    fnr   n.ralic  acid,   the  original   substance  is  partly  dried. 
extracted  with   q  c.  c,  of  dilute  hydrnchloric  acid  and  20  c.  c.  of  hoiltng 
alcohol,   for   half  an   honr.   filtered,   evaporated,   evtracted   with   water,  ^ 
and  tested  by  Ex.  10,  No.  25.    Sautonin  and  Meconic  Acid  must  also  fl 
be  extracted  by  special  methods.  V 

*  Tt  100  without  nyinc  that  the  remaining  mau  should  be  washed,  in  every    

inttance  of  filtration  or  stfsininit- 
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^^^^llrifendorff's  Method.—  In   this,   a   more   extensive   separation   of              ^H 
I         the  poisons    is    ubtaintid.   by    multiplying   tlie   solvents   and    operations.               ^K 
B         The  preliminary  trratmenl  is  as  per   H  1,  2,  and  3.     The  acid  solution               ^H 
I         is  then  exhaa«ted  successively  by  the  following  solvents:'                                     ^H 

■          Petroleum 

K             Eiber  ....... 

The  RESIDUE  left  by  the  evaporation  of  the  solvent  is:        ^^^H 

Voi^tile:    Phenol  and  essential  oils.                                   ^^^| 
Amorpb.:     Capsicin.                                                                     ^^^H 
Crvst.  :     Volat. :    Picric    Acid.    Piperin.                                    ^^^H 
Ckyst.  :    Colorless,   Fusible,  and   Odorless:   Camphor.        ^^^B 

I          Benzol 

Am(ikph.  :     Colorless    or    Pale    Yellow;    Colocynthin,               ^H 
Elaterin.  Populin.                                                                              ^B 

AMOfti'H.:     Vellow:     Chrysammic     Acid,     Colchicine,               ^| 
Quassiin.                                                                                             ^M 

Cryst. :     Colorless:    Rerberine,   Cantharidin,   Cascaril-               ^H 
lin,  Cnbebin,  Digitalin,   Santonin.  Thcine.                                  ^K 

Crvst.:     Yellow;  Aloetin   (Picric  Acid,  Piperin).                       ^H 

■          Oiloroform   .. 

.'\mokph.  :     Convallamarin.  Digitalin,  Jervine,  Saponin,               ^K 
Scnegin.  Smilacin.  Syringin.                                                               ^H 

Crvst.:    Cinchonine.     Hcl!el»orin,     Narceine,     Papa-              ^H 
verine,  Picrotoxin.  Theobromine.                                                  ^H 

Tht  watery  fluid  is  now  rendered  alkaline,  and  again  extracted  sue-               ^H 
re^stvely  by  these  solvents:                                                                                              ^H 

_    S^OJ.V£K7  : 

^thti 

Aniline.  Brucine.  Coniinc,  Emetine.  Lobeline,  Methyl-                ^H 
coniine.  Nicotine,  Quinine.   Sabadilline.   Sarracenine,               ^H 
Sparteine.  Strychnine.  Trimethylamine,  Veratrine.                     ^H 

^<«acol     

Aconcllin,    Aconittne,    .Atropine,    Brucine,    Cinchonine,                ^K 
Codeine.      Dclpbinine,      Emetine,      Ethyl-strychnine,               ^| 
Hyoscyamine.     Metbyl-strychnine,    Napellinc.     Xar-               ^H 
cotine.    Ncpalim*.    Pliysosligmine.   Quinine.    Sabadil-        ^^^H 
line.  Sabatrine.  Strychnine,  Thebaine.  Veratrine.                ^^^H 

^^0  reform    . 

Celandine,    Cinchonine,     Morphine,    Karceine.     P.ipa-         ^^^H 

■^oiyl  Alcohol 

Convallamarin.   Morphine.    Narceine.  Salicin,  Saponin,                ^H 
Srnegin,  Solaninc.                                                                                   ^| 

Mrf*"-^*--r7rrr*»  Method.— Tliis  possesses  ibc  advantaKe  of  ^eparat-                ^M 
'^!^                           in    purer   frirni    from    the   start,    but    it    involves   tech-                 ^H 
^^      ^      It    depends    on    the    insolubility   of   the   tannates    of               ^H 

^J  In  tiki*  ubie  the   Alkaloids  arc  dUtinirii>il)ed   from   the  neutral  principles  by                 ^^| 
^^^_      *>«iief  i)if  tiWalnitUl   namc^x  with   a  final                                                                                 ^^^^H 
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protcids  in  glycerin,  whilst  the  organic  poisons  are  soluble  in  this 
medium.  The  solid  material  (say  loo  Gm.)  is  digested  for  two  days 
at  40^  C.  with  10  Gm.  lannin,  1  Gm.  tartaric  acid,  and  100  Gm. 
glycerin.  The  mass  is  expressed;  the  residue  is  washed  with  tannic 
glycerin.  The  fluids  are  diluted  with  water,  healed!  to  50"  C.  and  fil- 
tered. The  filtrate  is  then  extracted  twice  with  petroleum  ether,  which 
removes  mamly  fats.  The  glycerin  layer  is  then  extracted  as  in  the 
Stas-Otto  method  (H4  and  s)i  but  using  chloroform  in  place  of 
ether. 

For  the  puriHiatwn  of  the  alkaloids,  the  residue,  left  by  the  evapora- 
tion of  the  chloroform,  is  dissolved  in  acidulated  water,  neutralized, 
and  at  once  precipitated  by  iodin-potassium-iodid.  The  precipitate  is 
collected  on  a  small  filter,  washed  with  cold  watpr,  dried,  and  dissolved 
in  hot  acetone.  The  filtered  acetone  solution  is  treated  first  with  al- 
kali, then  with  acid,  then  with  water:  the  acetone  is  expelled  on  a 
V^-atcr  bath,  and  the  remaining  water>'  solution  is  decolorized  by  sodium 
h>'posu!phite.  The  solution  is  then  made  alkaline  with  sodium  carbonate 
and  extracted  with  ether  or  chloroform. 

Physiologic  Testa. —  Tlie  poisons  isolated  by  these  methods 
are  often  not  sufficiently  pure  to  give  the  typical  cheinic 
tests;  furthermore,  certain  of  the  tests  are  closely  simulateil 
by  ptomains.  This  holds  true  also  of  the  physiologic 
tests,  i.  e.,  the  eflfects  on  animals. 

These  similarities  have  been  found  with  the  following:  coniin,  col- 
chicin,  atropin,  delphmin,  digitalin,  morphin.  nicotin,  vcratrin.  The 
only  way  to  distinguish  with  certainty  between  these  is  to  use  both  the 
chcmic  and  the  physiologic  tests.  For.  as  far  as  is  known,  there  are 
no  ptomains  which  give  both  the  chemic  and  physiologic  tests  of  one 
alkaloid. 

The  physiologic  tests  can  generally  be  obtained  with  fairly  impure 
preparations.  They  arc  most  typical  in  the  case  of  strychnin,  atropin, 
physostigmin,  aconite,  digitalis  group,  picrotoxin,  veratrin,  cantharidin, 
croton  oil. 

Isolation  of  Fixed  Inorganic  Poisons — The  absence  of 
many  metallic  j)oisons  can  be  quickly  shown  by  Reinsch's 
test  (see  Exercise  X,  No.  32).  This  does  not,  however. 
disjKHse  from  further  tests. 

The  residues  of  the  preceding  operations  may  be  used 
for  the  search  of  these  poisons.  The  usual  methods  of 
inorganic  analysis  are  followed:  but  it  is  superfluous  to 
test  for  non-poisonous  constituents.  Only  an  outline  can 
be  given  here:  J 

A:    Destraction  of  Organic   Matter  and  Solution,— .^fn hod  of 

Fresrnius  and  ^a?»o.— Organs  or  syrupy  residue,  plus  .v»  c.  c.  to  500 
tc.  of  arsenic  free  HCI  (l  12)  in  liter  flask:  heat  lukewarm  Add 
4  to  6  Gm  KCIOi  in  as  Gm,  portions,  till  dissolved.  Evaporate  to 
.aKnit  100  c.  c.  (no  free  CM.  Dilute  to  400  c.  c.  .\dd  2  c.  c.  dilute 
JI,SO,  Stand  overnight  Filter.  Filtralt  =  B.  Residue  =  K. 
Filtrate  B. —  Pass  through  filter  water  to  just  500  cc    Use  50  c.  c 
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for  Marsh's  test  (see  /-).  \i  As  is  present,  use  balance  for  quantita- 
tive Iscc  C).  If  not,  evaporate  small  sample,  dissolve  in  10  c.  c.  water, 
add  NH.OH:  btue  =  Cu. 

C —  Heat  balance  of  filtrate  B  to  80"  C.  and  pass  arsenic  free  HiS  * 
for  2  or  3  hour*,  until  cool.  Heat  again,  and  repeat  Stopper  and  set 
aside  in  warm  place  for  24  hours.  Precipitate  may  contain  A>,  Sb,  Mg, 
Cu.  Pb.  It  may  be  used  for  the  quantitative  estimation  of  As,  or  for 
funhcr  identiBcation  by  D.     Ptllratc=^J. 

O  {HtS  priU'ipttatt'  of  C). —  Wash  with  H:S  water,  warm  with  4  c. c. 
ammnn.  sulphid.  4  c.  c.  ammonia,  8  c.  c.  water.  Filter.  Filtrate  ^^E; 
imjoimbte  =  /*. 

E  if  titrate  of  D).— Evaporate  to  dry;  heat  with  HNO»  till  pure 
jfellow  ;  heat  to  expel  HKOi;  add  Na^COi  and  NaNO>:  fuse:  extract 
with  boiling  water;  add  j  Gm.  NaHCd:  filter;  h'tttrtite  contains  A» 
and  may  l>e  used  for  quantitative.     The  insoluble  =^Sbz  apply  tests. 

F  i Insoluble  of  D). —  Oxidize  residue  and  filter  in  capsule  with  HCl 
and  KOO^:  filter;  dilute;  heat;  pa>s  HjS ;  filter;  wash  precipitate  with 
■•Kann   H  SO^.     Filtrate  =  G.     Precipitate  =fi. 

Q  {filtrate  of  f). —  Add  10  drops  dilute  HjSO*;  evaporate;  take  up 
Vfith  water.     Residue ^Phi  filtrate ^Cu,     (.Apply  tests.) 

H  iPteeipitate  of  F), —  Oxidize  with  aqua  rcgia ;  evaporate;  filter; 
dilate:  test  for  Hg. 

I  I  filtrate  of  C). —  Use  half  for  zinc,  half  for  chromitnn. 
Zn:      Neutralize    with    KOH ;    acidulate   with    HiCOi;    precipitate 
with  HfS;   wash  precipitate  with   H.-C.Oi  in  HiS  water    (r  :  5)  : 
incinerate,  precipitate  and  filter;  dissolve  in  dilute  H.SO..  plus  a 
httlc  HNO. ;  evaporate  drj-;  dissolve  in  HjO;  test  for  Zn. 
Cr:     Evaporate   to  just   moist;   mix   with   KNO»;   dry;   fuse;  dis- 
solve: test  for  chromate. 
K  {Residue  of  A).—  Fuse  with  KNO„  NaiCOi,  and  NH.NO,,    Sus- 
pend   in    HjO;   pass   CO:;    boil ;    filler.     Dissolve    precipitate    in    dilute 
HN'O,.    Test  this  solution  for  Ag.  Ba,  and  Pb. 

L:  Marsh's  Test  (see  B). —  Produce  hydrogen  in  flask  by  acting 
on  pure  iinc  with  arsenic  free  HCl;  pass  through  CaCU.  through  tubes 
drawrn  out  at  several  places.  Heat  to  redness  at  the  thick  portion  of 
a  STRinou  (This  blank  test  should  be  cnminucd  for  six  hours.)  H 
twv  minor  appears,  introduce  the  suspected  solution.  Black  mirror  oc- 
cur* vith  arsenic  or  antimony.  They  may  be  distinguished  as  fol- 
lows: 


ARSENIC 


MirrftT  beyond  lieated  portion. 
I.ir  on  bc:itinK  m  atr. 

!n   hyptxhlorite. 
'latilized    when    heated 

n  air,  yields  ecsily  vola- 
•  cr>staU. 

Ml   HiS,  yellow,  Insolu- 
I'lA^a  WO. 

iXAvotvttl  in  HNO..  evaporated, 
*™  A«>JOs  plus  vapor  of  NH.. 
"*  ^  jtIIow  precipitate. 


ANTIMONY : 

Mirror  at  heated  portion 

No  odor. 

Not 

Not  easily  volatilized. 

Amorphous  white  residue,  not 
easily  volatilized. 

Red  (black  on  strong  heating); 
soluble  in  HCl. 

No  color  in  cold ;  black  (metal- 
lic Ag)  on  heating. 


li^,  ?.tj^purifie«l   \»y    pftsfjnft  ihrounfa   water,  calcium  chlnrid,  and  1  tubCi   ]0  cni< 
^^  >i«o  irtib  alteroAte  layers  of  gUsft-wool  and  iodin  cryiuli. 
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TREATMENT  OF  POISONING.* 


Whilst  every  case  of  poisoning  demands  to  be  treated  by  itself,  yet 
certain  general  principle:?  are  all  bill  universally  applicable.  These  arc 
the  more  important  since  the  nature  of  the  poison  is  so  oficn  un- 
known. 

The  6rst  peculiarity  of  poisoning  to  deserve  especial  attention  is 
the  rapid  course.  This  demands  that  whatever  measures  are  taken, 
(liey  musi  be  taken  quickly.  The  physician  should  therefore  be  thor- 
ouKhly  familiar  with  the  general  rules  of  treatment,  so  that  no  hesita- 
tion or  delay  occurs.  On  this  account  also,  the  anlidote  nearest  to 
hand  should  be  used  in  preference  to  one  which  can  only  be  obtained 
with  delay,  even  if  the  latter  should  be  theoretically  preferable. 

The  treatment  of  poisoning  is  directed  against  the  cause  and  the 
symptoms.  The  former  consists  In  removing  the  poison,  or  in  render- 
ing it  harmless.  Since  neither  of  these  objects  can  usually  be  attained 
absolutely,  both  are  generally  attempted  at  once. 

Removal  of  the  Poison. —  The  measures  directed  to  this  end  must 
vary  with  the  site  to  which  the  poison  was  applied. 

On  the  shin  and  on  mccssiblc  mucous  metnhranes  this  will  be  ac- 
complished by  a  thorough  washing  with  water.  This  will  ahso  be 
useful  by  diluting  the  poi'^on.  If  the  poison  is  only  sparingly  soluble 
in  water  (as  phenol)  alcohol  may  be  employed.  Soap  may  be  useful, 
but  should  be  avoided  if  the  poison  i«  an  alkali.  The  appropriate 
chemical  antidote  should  also  be  added  to  the  wash  water  (for  acids 
orbromin:  Soap  or  IJninu'ntum  Calcis;  for  alkalies:  vinegar  or  lemon 
juice).  The  pnisons  which  are  important  in  these  situations  are  all 
irritants,  and  the  further  treatment  consists  in  the  application  of  oils 
or  salves.  If  the  poison  has  been  applied  hypodermically  or  to 
wounds,  'he  systemic  effects  ma^  be  lessened  by  preventing  or  retarding 
the  absorption  of  the  poison.  The  absorption  can  often  be  delayed  suffi- 
ciently so  that  the  drug  is  excreted  as  fast  as  it  is  absorbed,  and  doses 
which  would  otherwise  he  fatal  may  cause  no  effect.  The  best  means 
for  this  purpose  is  a  firm  ligature  applied  centrally  to  the  wound. 
Where  this  is  not  feasible,  sucking,  cautery,  or  excision  may  be  re- 
sorted to. 

If  an  irritant  poison  has  been  taken  by  the  mouth,  the  oral  cavity 
and  the  pharynx  demaiid  the  same  treatment  as  would  the  skin. 

With  gaseous  poisons,  the  treatment  consists  in  free  ventilation 
of  the  luni;.  iisint^  .iriiticiai   respiration,  if  necessary,  and  oxygen. 

Removal  from  the  Alimentary  Canal. —  This  is  always  the  first 
step  in  the  treatment  of  a  case  of  poi^^oning  by  mouth,  unless  the  sjTiip- 
toms  are  already  so  far  advanced  as  toTnakc  it  useless.  Even  if  the  poison 
has  been  administered  some  time  before  the  treatment  is  begun,  or  if 
it  has  been  given  hypodermically,  the  alimentary  canal  should  be 
cleansed,  since  many  poisons  f notably  morphin)  are  excreted  by  this 
channel,  and  then  again  reabsorbed.  The  only  contraindic.it ions  to 
the  emptying  of  the  alimentary  canal  are:  extensive  corrosion,  and  ad- 
vanced strychnin  poisoning.  Great  caution  and  careful  judgment  are 
**^ired  in  these  cases. 

e  measures  for  the  removal  of  poisons  from  the  alimentary  canal 
n    in    emptying    the    stomach    and    intestine.     A    eatltortic.    how- 
need    only   be   administered    after   the   acute    manifestations    are 
Oily    cathartics    should    usually    be    avoided,    and    enemeta    arc 
<s.    The  best  purgatives  in  poisoning  are  the  cathartic  saJts  (15 
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to  30  Gtns.  of  Maprncsium  sulphate)  :  if  the  poison  is  not  an  irritant, 
0.01   Gm.  of  podophylUn  may  be  added. 

Evacuation  of  the  Stomach, —  Vomiting  often  occurs  spontaneous- 
ly, but  even  in  this  case,  more  active  measures  are  generally  required. 
These  ci»ii-ii>t  in  the  atlministration  of  emetics,  or  in  lavage. 

Laiag^c  always  deserves  ilie  preference,  if  it  can  be  used.  It  cleanses 
the  stomach  much  more  effectually,  particularly  of  small  insoluble 
adherent  panicles;  it  is  less  depressant  to  the  patient;  and  it  permits 
the  convenient  use  of  chcmic  antidote'^.  It  is  indispensable  witli  de- 
pressant poisons  which  paralyze  the  vomiting  center  (such  as  deep 
morphin  or  chloral  poisonint^). 

The  complicated  stomach  pump  has  been  generally  abandoned  for 
the  more  convenient  stomach  tube.  In  emergencies,  six  feet  of  soft 
rubber  tubing,  with  a  funnel  attached,  answers  very  well.  The  tube 
should  not  be  forct'd  down,  hut  should  be  gently  pushed  to  the  pharynx, 
where  the  phar>'ngcal  muscles  will  grasp  ii  and  push  it  further.  Care 
shduld  he  taken  to  avoid  nverdi^tenrinn  nf  ihc  stomach:  it  is  much 
better  to  use  small  riuantities  of  fluid  frequently.  If  there  is  much 
pain,  0.05*^  to  0.1%  (tf  cocain  may  he  added  to  the  wash  water.  If 
tHcrc  IS  trismus,  or  the  patient  resists,  the  lube  may  be  passed  through 
the  nose. 

Emeticft  have  the  advantage  of  greater  convenience,  and  avoid 
Mruggling  They  should  be  repeated  every  fifteen  to  thirty  minutes, 
if  neccssar)'. 

Af'*}Horf>Uin — [5  mg.  (grain  Vi"  in  1%  solution ^0.5  c. c  or  iq.  x\ 
liypodcrmicany.  This  is  the  only  emetic  which  can  be  given  by  the 
Aiiu  and  is  therefor  particularly  useful  if  the  patient  resists.  It  is 
wj"  prompt  and  certain,  but  rather  more  depressing  than  the  following 
wneties: 

Ctiftpff  Sulf*hate  or  Zinc  Sulfthatc. —  .\boui  i  Gm.    (a  knife-pointful) 
W  half  a   glass  of  water.     These  act   promptly   and   with   a   minimum 
'''depression,  but  should  not  be  given  if  the  poison  is  a  corrosive. 
JpiTac. —  A   teaspoonfiil  of  the  pnwtler  in  water,  or  a   tablespoon  of 
'"f  Wf'ine.     Uncertain,   and    produces  considerable  depression. 
,   ^Hjitord. —  A  teaspoonful  stirred  in  a  tumbler  of  warm  water.     This 
"  ''(c   most  uncertain  of  these  cniolics.  but  useful  in  emergencies. 
.  Ne-utralization   of   the   PoiBon  —  Chemical    Antidotes. —  The  nb- 
-'  '  •  ■  '  'licse  is.  to   render  the   poison   incapable  of  acting,  or  of  being 
They    accomplish    this    by    enveloping    the   pnison    with    an 
lile  coating,  nr  by  precipitating  it.  or  by  destroying  it.     Since 
^^     antidotes  arc  hindered  in   their   action  by   the  presence  of  food, 
'"*'    »ince    the   precipitates    are   not    perfectly    insoluble,    it    is   well   to 
tvmbinc   them    with    lavage    or    emesis.    ;idding   the   antidotes    to    the 
''*ish     T»atcr.   or  giving  thorn   in  the   interval    between   vomiting;    they 
wwl    |,c  repeated  frequently. 

''^•ttukents  (raw  eggs,  acacia,  boiled  starch  or  flour,  milk,  ad 
lilntumi  —  Tliesc  act  by  lessening  absorption:  by  allaying  inflamma- 
Iwm;    an.l  in  the  case  of  metals,  by  precipitation. 

P«^ecipitant». —  The   moft    universally   applicable   of  all   precipitant* 

\%  iat%Min  i^  teaspoonful  of  tannic  acid,  or  preferably,  very  strong  hoi 

to.  ad  libitum).     The  efficiency  will   be   increased   by  the  addition  of 

sodium  acetate  or  bicarbonate,  and  diminished  by  alcohol  and  acidly 

jit»ce  the  precipitates  arc  soluble  in  these  media. 

V'om  the  cxpcrimenls  of   Kicfer   (1892),  on  tannin,   and   Sollmann 

(iqoil.  on  tea.  it  mav  be  deduced  that  these  are  useful  against:    Apo- 

moqihm.    Cinchona    alkaloids.    Hvdrastin.    Strychnin.    Veratnn.    Digl- 

tal-v  Antipyrin.  Colchicin;  and  the  metals:   Pb,  Ag.  Al,  Co,  Cu,  Til 

Cr.  Zn.  Fe, 
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Scarcely  useful  against:  Cocain,  Brucin,  Aconitin.  Lobelin,  Nicotin, 
Pi)ocarpiii,  Codein,  Mnscartn,   Fhysosiigmin,  Solanin. 

Practically  useless  against:     Alropin.  Coniin,  Morphin,  As,  Sb,  Hg. 

Of  other,  sl>ccific  precipiiaitts.  the  following  should  be  remembered; 
For 

Alkaloids.^  Tincture  or  compound  tincture  of  iodin,  15  drops  in 
half  a  glass  of  water. 

Metals   (especially  mercury). —  Raw  eggs. 

Arsenic. —  Arsenic  antidote   (sec  Index). 

fianuiH.-— Sulphates   (Glauber's  or   Epsom  salt). 

Oxalates. —  Calcium   (limewater,  chalk,  whiting). 

Phosphorus.  Copper  sulphate  or  Oxidized  (old)  Turpentine.  (The 
former  envelope!^  ihe  phc^phorus  with  an  insnluble  coating  of  metallic 
copper.     Turpentine  forms  the  insoluble  turpentine-phosphoric  aci<l  ) 

Antidotes  Which  Destroy  the  Poison  in  the  Alimentary  Canal.— 
(These,  for  the  most  part,  will  not  be  useful  after  the  poison  is  ab- 
sorbed.) 

Acids. —  Alkalies    (burnt  magnesia,  sonp,  chalk,  baking  soda). 

Alkalies. —  Weak  acids  (vinegar,  lemon  juice). 

Organic  Poisons  (Alkaloids,  Glucosids.  etc.)  and  Phosphorus. — 
Oxidizing  agents,  especially  Potassium  permanganate,  i  Cm.  (one- 
third  tcaspoonful )  in  a  pint  of  water.  Care  must  be  taken  that  no  un- 
dissolved crystals  are  administered :  H.-Os.  ( In  case  of  snake  bite, 
the  powdered  permanganate  may  be  rubbed  into  the  wound,  after  free 
incision.) 

Hydrocyanic  Acid. —  The  above,  also  arsenic  antidote,  hydrogen 
peroxid.  and  hyposulphite  of  sodium. 

Carbolic  Acid. —  Sodium  sulphate:  alcohol. 

Antidotes  Which  Destroy  Poisons  After  They  Are  Absorbed.— 
To  be  effective,  these  must  be  given  h>T)odermically  or  intravenously. 
The  best  known  examples  of  this  class  arc  the  antitoxic  sera.  The 
following  are  also  useful:  Sodium  hyposulphite  against  hydrocyanic 
acid:  and  sodium  carbonate  against  mineral  acids. 

Removal  of  Poisons  After  Their  Absorption. —  This  can  be  ac- 
complished by  increasing  the  excrctinnn.  The  elimination  by  the 
alimentary  canal  has  been  discussed.  The  principal  remaining  chan- 
nels are  the  urine  and  sweat,  of  which  the  former  is  by  far  the  more 
important. 

Diuretics. —  Water,  especially  as  weak  tea  or  carbonated  drinks; 
dturetin :  potassium  acetate   (irritant  diuretics  should  be  avoided). 

Diaphoretics. —  Hot  drinks;  heat;  pilocarpin  (if  not  contraindicated 
by  pulmonary  edema).  Diuresis  and  diaphoresis  often  fail,  partly 
because  they  are  too  slow,  partly  because  not  all  poisons  are  elimmated 
by  these  channels. 

Infusion  of  Normal  Saline  Solution  (1  Liter  of  0.9%  injected  under 
the  skin  of  the  subclavicular  region)  increases  elimination  by  all  chan- 
nels. Bleeding  may  be  resorted  to  in  some  cases.  Up  to  a  liter  of 
blood  may  be  drawn,  a  double  quantity  of  salt  solution  being  in- 
jected. 

Symptomatic  Treatment. —  The  symptoms  produced  by  poisons 
can  often  be  lessened  or  removed  by  the  use  of  drugs  having  an  oppo- 
site action.  It  is  not  to  be  supposed  that  tliese  physiologie  antidotes 
really  Ic'^sen  the  action  of  the  poison,  although  they  cover  its  symp- 
toms. But  by  tiding  the  patient  over  the  dangerous  period,  and  by 
preventing  exliaustion,  they  are  often  potent  means  of  saving  life. 
It  must  be  remembered,  however,  that  large  doses  of  the  antidotes 
often  cause  effects  similar  to  those  of  the  poison,  which  may  add  to 
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the  fatality  of  the  latter.    They  must  therefore  be  used  in  appropriate 
small  doses. 

It  ih  nut  purposed  to  enter  in  this  place  into  the  special  physiologic 
xntidotrs,  hut  wc  shall  lake  up  only  iho&e  measures  which  are  gener- 
aJty  useful. 

These  mca^urei»  arc  directed,  in  the  order  of  their  importance,  to: 
supporting  tlic  respiration,  heart,  and  vasomotor  tone;  to  lessen  cool- 
ing, pain,  and  convulsions,  and  coma.^ 

Respiration. —  This  is  usually  the  first  function  to  fail,  and  ac- 
celerates the  other  actions  of  the  poison  through  the  convulsant  and 
^ralytic  efFect*  of  asphyxia,  and  by  prevenling  the  destruction  of 
poisons  through  oxidation.  For  these  reasons,  it  is  well  not  to  wait 
■vvith  the  supportmg  measures  until  the  respiration  has  actually  failed. 
t^i^t  to  iK'gin  as  soon  as  it  shows  signs  of  weakening.  The  measures 
COtiMst  in  direct  or  reflex  stimulation  of  the  respiratory  center;  in 
artificial  rc*ipiratinn ;  and  in  the  administration  of  oxygen. 

Krtf/x  stimulation  of  the  respiratory  center  is  the  quickest,  but  can 
fjoi  t>e  kept  up  as  long  as  thu  direct  stimulation.  It  may  be  secured 
t>y  the  .idniinistration  of  ammonia,  by  inhalation  of  ammonia  water 
or  smelling  salts,  or  by  aromatic  spirits  of  ammonia  (half  a  teaspoon- 
foi  :n  a  glass  of  water)  :  the  alternate  application  of  heat  and  cold 
{whipping  with  wet  towels)  ;  friction  with  alcohol,  or  camphorated 
oil ;  hntodcrmic  injection  of  brandy,  whiskey,  or  ether ;  mustard 
plat'CTs, 

/direct  Stimulation  of  the  Respiratory  Center. —  By  strong  hot  coffee, 
siO'chntn  (o.ooj  Cms.)  or  atropin  (0.001  Gm.).  The  respiration  may 
als..  T^  r-iwfd  hy  improving  the  circulation.  Saline  infusion  is  also 
*■'■■  -.I. 

Respiration. —  This  should  be  resorted  to  whenever  the 
3i»f'vc  measures  are  ineffectual.  Any  of  the  commonly  used  methods 
(a?so  rh)ihmir.il  stimulation  of  the  phrenic  nerve)  may  be  used.  The 
'"'Ch^mcal  distention  of  the  lungs  also  seems  to  cause  a  reflex  lower- 
'"R  of  the  cxcitrtbility  of  the  nerve  centers,  thereby  lessening  the 
j*ttdmey  to  f.iligue  in  convul.sant  poisoning  It  should  be  remem- 
^'^^   that  very  prolonged  and  violent  artificial  respiration  may  injure 

*'  ^ It  should  aHo   be   remembered   that  artificial    respiration  is 

"  .    apnea,  so  that  the  patient  does  not  breathe  spontaneously 

*'  -r  (here  is  not  enough  Cd  in  the  blood  to  stimulate  the 

^  r.     If   tlie    heart    is    strong,    the    artificial    respiration 

^  I»e  intermitted  occasionally  for  a  short  time. 

.'r'H. —  This   will  be   useful   in   every  case  of   failing  respiration, 

aicularly  if  an  asphyxiant  gas  is  the  cause  of  the  poisoning. 

''^«rt. —  It  appears   to  be  impossible  to   stimulate  a  poisoned   heart 

«i|tctjy     The   hc^t    results   are   obtained   by    the    injection   of   normal 

u!,i ,  ,|jjy     yy\x\\     the     addition     of     some     suprarenal     alkaloid 

Digitalic  is  usually  unsuccessful.     Strong  rhythmical  pres- 

•f    100   per  minute)    over  the   cardiac   region   of  the    chest. 

^'  nfnl      A    fatigued    heart  can   often   be   revived   by   lowering 

'  iTcssure  bv  alcohols  or  amyl  nitrite,  or  by  withdrawal  of 

y«»omotor    Stimutalion. —  This    is    usually   accomplished    by    the 

mentioned  under  respiration      Lowering  of  the  head 

>e  exircmitie*  is  often  siifRcient. 

■.wjiinj;.—  I  his    is   prevented   by   the   application   of   external   heat; 

PM«  Vy  morphia,  or  if  local,  by  cocain;  Convulsions  arc  controlled 


92 


PRESCRIPTION    writing;    FLAVORING. 


CH.    VX 


by  the  cautious  inhalation  of  chloroform;  Coma  by   reflex  stimulanU, 
coffee^  and  atropin. 

Methods  of  Administering  Antidotes.—  Phy^ioloKical  antidotes 
should  be  given  hypodcrniically  or  intravenously,  if  possible.  This  ob- 
viates the  loss  of  the  aniidnic  through  vomiting,  and  the  action  is  in 
every  case  more  prompt  and  more  certain.  If  the  circulation  is  very 
low  the  absorption  of  hypodermic  injections  may  also  be  very  stow. 
It  is  therefore  well  to  thoroughly  massage  the  site  of  the  injection, 
and  if  the  circulation  hai;  almost  stopped,  to  employ  vigorous  rapid 
rhythmical  compression  of  the  heart  uhis  maintains  a  fairly  eflficieiit 
artificial  circulation  even  after  the  heart  has  stopped  beating). 

RESUME  OF  THE  GENERAL  TREATMENT  OF  POISONING.  ( 

Promptness  is  of  vital  importance.  The  phvfiician  should 
he  familiar  with  antichitcs:  he  shouhl  have  these  antidotes 
readily  accessible;  he  should  plan  his  treatment  on  his  way 
to  the  patient.  If  he  finds  the  condition  of  the  patient 
dangerous,  he  should  at  once  proceed  to  ^relieve  the  symp- 
toms.  Otherwise  he  should  first  administer  the  chemicals 
antidote  and  evacuate  the  stomach:  apply  heat:  attend  to 
the  respiration,  to  pain,  to  any  other  s\nTiptoms;  give  3u 
diuretic,  and.  finally,  a  cathartic.  ^ 

Antidotes  for  First  Aid. —  Ever>'  physician   (and  every  drng-store) 
should    keep    the    following    antidotes    together,    in    a    special    satcheL 
("Antidote-Rag")   so  that  they  can  be  readily  transported.    The  dost 
should   l>e   written   on   each   container.    Amyl   nitrite   pearls;   Apomor- 
phin  tablets,  2  mg. ;   .\tropin  tatilets,   i   mg. ;  Caffein   Citrate;   Chloro— ] 
form ;    Cocain    hydrochlorid    tablets,    oo^    Cms.    (2    to    4    per    qnart)  i! 
CompoiHid   tincture   iodin ;   Copper   sulphate,   powdered;    Lime   Water  j 
Magnesia,    calcined;     Potassium    permang.inatc.    1%    solution     <to    be 
diluted  ten  times);  Sodium  sulphate;  Spir.  Ammon.  Arom. ;  Strychni 
sulphate  tablets,   j  mg. :  Whisky;   also  a  hypodermic  syringe  in  g< 
order,  and   a  stomach-tube  with   funnel. 

The  following  should  be  demanded  at  the  house  of  the  patient 
Boiled  water:  Coffee  (strong,  hot.  and  black);  Egg«t;  Hotwater  bags 
Milk;  Mustard;  Salad  oil;  Salt;  Soap;  Starch,  boiled;  Tea,  Vinegar. 


CHAPTER  VL 
PRESCRIPTION  WRITING:  FIJVVORING. 

(A)  PRESCRIPTION  WRITING. 

Definitioni. —  A  prescription  is  an  order  for  medicine 
sent  by  a  physician  to  a  pharmacist.  It  consists  of  the  fol- 
lowing parts  i  in  this  order)  : 

1.  Superscription:   The  heading  (R). 
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2.  Inscription:  The  ingredients  and  their  amounts, 

3.  Subscription:  The  directiuns  to  the  dispenser. 

4.  Signature:   The  directions  to  the  patient. 

The  prescription  should  also  bear  the  signature  of  the 
physician,  the  date,  and  the  name  uf  the  patient. 

The  Inscription  may  consist  nf  but  one  ingredient.     If 
several  are  used,  they  should  be  placed  in  tlie  following 
order : 
Basis:    the  principal  substance. 

Adjuvant:  the  substance  which  is  used  to  aid  the  action 
of  the  basis. 

Corrective:   whose  purpose  it  is  to  modify  or  correct  an 
imclesirable  action  of  the  basis. 

T' chicle:    the   indifferent    substance   used   to   dilute   the 
active  ingredients. 

The  inscription  is  ahcays  Xi*ritten  in  Latin,  which  has 
\'^rious  advantages  over  English  for  this  purpose: 

In  the  first  place,  the  names  of  the  drugs  are  more  defi- 
nite, concise,  and  unchangeable.     There  is,  as  a  nde.  but 
on.^  Latin  name  for  each  drug,  whereas  in  English  the  same 
sa't:>stance  may  have  several  names,  or  the  same  name  may 
de^i^ate   several   entirely   diflFerent   substances.     Further. 
\t        is   often    desirable    to    have    the    patient    ignorant    of 
wViat  medicine  he  is  taking.     On  the  one  hand,  if  he  pos- 
sf^viies  this  knowleflge  he  very  frerjuently  has  preconceived 
\(l^as  of  the  actictn  of  the  medicine,  and  will  either  take  it 
in    excessive  amounts  or  will  neglect  to  take  it  entirely,  or 
interfere  with  its  action  in  some  other  way.     On  the  other 
band,  it  will  encourage  the  habit  of  self-medication. 

The  directions  to  the  dispenser  are  generally  written  in 
Latin.  There  is.  however,  no  necessity  and  n(>  advantage 
17  this.  Usually  it  is  sufficient  for  this  purpose  to  write 
^iTDply  the  letter  M  (misce)  bel<»w  the  inscription. 

Tht directions  to  the  patient  (signature)  are  always  w-rit- 

*^  in  English,  so  that  the  patient  can  read  them.     The 

directions   should   be   made   as  complete  as  possible.   an<I 

^liould  include  everything  which   it   is  necessary   for  the 

Patient  to  know.     The  habit  of  giving  verbal  instructions 

*^  patients  and  of  having  the  medicine  labeled   "  use  as 

'^irecid  '*  cannot  be  too  much   discouraged.     Aside  from 

*^p  fact  that  human  memor>^  is  extremely  apt  to  fail,  the 

l*3ticni  or  relatives,  when  the  prescription  is  given  to  them. 

*rc  usual Iv  in  a  more  or  less  excited   frame  r*f  niind.  and 
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cannot  be  relied  upon  to  remember  what  is  told  them. 
Medicines  intended  fi)r  external  application  should  be 
plainly  labeled  to  that  effect,  and  when  a  medicine  contams 
poison,  it  should  be  so  labeled,  except  when  there  is  special 
objection  to  this. 

The  custom  of  having  prescriptions  "  reHtifd "  obtains  in  many  lo- 
calities. Whereas  it  is  often  impossible  for  the  physician  to  pnt  a 
stop  to  this  practice,  it  is  absolutely  necessary  that  he  should  prevent 
such  prescriptions  bcin^  retilled  which  contain  narcotics  or  other  drugs 
likely  to  caii<ie  a  habit.  He  can  attain  this  result  by  writing  "  non 
repctatur  "  under  the  prescription.  The  druggist  refilling  this  will  do 
so  on  hi«  own  responsibility. 

When  the  patient  is  very  poor,  it  is  often  customary  to  invite  the 
druggist  to  charge  him  the  lowest  terms  by  writing  P.  P.  (Pauperissi- 
mus )  under  the  prescription.  It  is,  of  course^  not  just  to  do  this  if 
the  physician  himself  receives  a  regular  fee. 

GENERAL   HINTS   ON    PRESCRIPTION-WRITING. 

General  Hints. —  The  subject  of  prescription-writing'  seems 
to  possess  almost  insurmountable  difficulties  for  the  student. 
There  is.  perhaps,  no  other  subject  in  the  whole  course  of 
study  which  he  finds  more  discouraging^  and  finishes  with 
less  satisfaction.  Nevertheless  the  principles  upon  which  it 
is  based  are  few.  simple,  and  easily  memorized.  When 
asked  for  them,  the  student  usually  has  no  clifficulty  in 
answering  the  questions.  The  difficidties  appear  when  he 
tries  to  put  these  principles  into  practice.  But  it  is  the 
same  with  any  other  art :  nothing  but  practice  will  give 
expertuess.  The  student  who  would  master  this  subject 
must  not  rest  content  with  doing  the  few  exercises  which 
can  be  given  him  in  class.  As  he  studies  each  dnig,  or  as 
he  reafls  up  the  treatment  of  diseases,  he  should  himself 
compile  such  prescriptions  as  the  subject  suggests.  This 
will  not  only  aid  him  in  prescription  writing,  but  in  phar- 
macology and  therapeutics  as  well.  It  is  only  in  this  way 
that  he  can  acqtiire  the  necessary'  self-confidence  and  skill. 
In  this  home-practice,  method  and  detail  should  be  culti- 
vated, for  in  these  lies  the  secret  of  the  art.  The  following 
rules  may  prove  helpful : 

When  writing  a  prescription  for  a  given  condition,  put 
down,  first,  the  name  of  the  best  remedy.  Ask  yourself 
whether  there  is  any  other  dmg  which  may  be  employed  to 
aid  or  usefully  modify  this.  Put  this  down  also.  Then 
consider  in  which  form  the  medicine  should  be  adminis- 
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lered.   whether  as  liquid,   powder,   salve,  etc.^     This  will 
usually  determine  which  preparation  of  the  ingredient  is  to 
be   employed.      Put    this    down    also.     Then    ask   yourself 
what  may  be  added  tu  render  the  mixture  agreeable  to  the 
patient.     When   this   is    written,    all    the   ingredients   will 
be   represented.     Now   look  over  these  carefully  and   see 
that  tliere  are  no  incompatibilities  and  that  the  constituents 
are  soluble  if  the  mixture  is  to  be  a  liquid.     Write  the 
directions  to  the  dispenser.     Assure  yourself  that  the  pre- 
scription is  grammatically  correct  (especially  the  endings). 
Decide  how  many  days  the  mixture  is  to  be  taken,  and  how 
many  doses  a  day  (on  the  basis  of  sixteen  hours  to  the  day). 
Decide  whether  the  dose  of  the  total  mixture  is  to  be  a  tea- 
sp«"x5nful.  tablespoon  ful,  etc.     By  multiplying  the  total  num- 
ber of  doses  with  the  size  of  the  single  dose,  ascertain  the 
at>proximate  size  of  the  mixture.     Round  this  off  to  a  con- 
venient figure.*     Multiply  the  single  dose  of  each  ingredient 
by  the  total  number  of  doses  (again  reducing  the  quantities 
^'j  Tound  numbers,  unless  the  constituent  is  very  active). 
(■heck  the  doses.     Write  the  directions  to  the  patient.     Con- 
*'Vier  whether   a   noti-repctatttr  is   advisable,     .\flfix   your 
^^ature.   the  date,  and  the  name  of  the  patient.     This 
.'^''ishes  the  prescription.     Look  over  the  result  carefully 
"J  The  same  order. 

Jt   would  seem  almost  superfluous  to  mention  that  it  is 
*'^>~cmely  essential  in  writing  prescriptions  to  use  as  legible 
'^c^nriting  as  possible.     It  is  astonishing,  in  view  of  the 
results  that  may   follow,   how  often  this  self-evident 
is  disregarded.     The  same  remarks  apply  to  nhhrczna- 
While  it  is  justifiable  to  employ  abbreviations  even 

f  tKc  m(<licinr  i*  tntrndcd  for  rxmiNAL  t*se,  tt   may  he  prescribed  U: 

■ir^r       u   ii.-  ^...:....   ..:  f„  \jf.  firniongrd  and  sa(>crficial. 

I*  to  ^•e  deeper, 
uatrri.  Gnrglfi   etc.:     If  U  is  soluble  in  water. 

■  i     .1    I-    -  f    in    oil    or    alcohol. 

mciicjni'  1?  tf>  itc  U.M-H  in  jntkivai-LV,   it  may  be  prescribed  as: 
n       If  Th*   inicrrflicnti  ore  soluble  in  water,  nicohol  or  (clycerin. 

'      -    '  — ' c.   8u»pcndetl    by   acacia,   if    in»aIolile    in    water. 

'■   doe*   not   have   a   vrry    had   laite.      Thew    are   pre- 
<ration»    if    the    doK    h    hulVy,    or    if    the    substance 

!      wjlrr     inrlore    IWlIlnwinft 

ftc  -      If   the  fuh«tancr8  arr  solid  or   scmisotid.   nnd  pOHCW  • 

cT   if  Ihey  are  to  act   locally  on   the  alimentary  canal. 

ici.l*   th.->ul<J   he  prescribed   co   as   to   approximately   fill   the   bottles  in   cur< 

<1S.  ]o.  60.   I2S>  IS0>  200.  400  c.  c)   fV^,   t.  i:  4:  f>:  8  and  rfi  ounces). 

Jr«p  doves  and  eye  water*,  the  tuaal  amount  i»  15  to  yo  c.  c,  (!^  lo  i  ^); 

4oar«.    ]A  to    125   c.  c.    (1    to  4  ^):    for   garicles  and  injections,   60  to 

^  (s  to  6   \y;  lottnns,   1 30  to  ;oo  c.  c.   (4  to  8  ^\;  tablespoon   dofca.    150  to 

^  «  lis  rfi  5*-     ^'*'*  •"  prescribed  in  number*  of  5  to  as;  powders,  i  to  la; 

*>tih  1*  to  JO  gbw    (^  to  I  \). 
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extensively,  it  is  necessary  to  make  these  in  such  a  way  that 
they  canniJt  i)ossib!y  be  misinterpreted.  This  is  learned 
best  in  class  practice.* 

An  efficient  aid  in  acquiring  practice  in  writing  prescrip- 
tions is  to  look  over  a  druggist's  prescription  file,  w  hen  this 
may  be  done. 

The  copying  of  a  prescription,  ingredient  for  ingredient 
and  dose  for  dose,  is  as  much  empiricism  as  the  use  of  any 
other  ready-made  compound.  The  physician  should  be  well 
enough  educated  to  devise  his  own  prescriptions  and  to 
select  such  inj^redients  as  will  best  suit  the  special  needs  of 
the  case  in  hanil. 


The  following  is  the  tyf>e  of  a  compUU  prescription: 


Superscription    

R                               Gm.  vel,  C 

Inscription  ■'     Basis   

Tincturae  Aconiti o 

Spiritus  ^dheris  Nitrosi. . .  .15 
Liciuoris  Ammonii  Acctalis.15 

Elixiris    Aromatici jo 

Miscc 

Adj  uvaiu     • . . . 

Corrective   

Vehicle 

Siibscrit>tioH   

Signature    

S.    Teaspoonful   every   hour 
half  a  glass  of  water. 

Dr.  X 

Jan.  I.  1905. 

For   Mr.   Y 

45 


in 


Simplicity  in  Prescription  Writing —  Formerly  the  ingre- 
dients of  a  prescription  were  ahnost  numberless.  This  was 
in  the  time  of  empiricism,  and  was  simply  an  application  of 
the  idea  that  in  a  large  mixture  of  substances  there  would 
probably  be  one  whicii  wovdd  do  good.  This  was  the  so- 
called  *'  shot-gim  prescription."  At  present  the  tendency 
in  prescription  writing  is  to  make  the  prescription  as  simple 
as  possible.  This  avoids  the  chances  of  incompatibilities, 
and.  what  is  more  important,  makes  the  action  of  the  medi- 
cine more  easy  to  watch  and  control. 

If  the  prescription  includes  a  number  of  mixtures,  each 
containing  several  ingredients,  such  as  the  numberless 
preparations  now  put  on  the  market  by  many  firms,  the 
result  is.  of  course,  as  much  a  "  shot-gun  "  prescription  as 
if  the  prescriber  had  enumerated  all  the  ingredients. 

Haximal  Doses. —  The  pharmacist  is  supposed  to  check  the 
quantities  of  the  ingredients,  and  not  to  dispense  a  prescrip- 
tion containing  an  unusual  dose  of  a  poivcrful  poison  with- 

1  The  author  has  fntinH  it  very  useful  in  cUsspracticc  in  prescription 
writind.  10  make  some  "*  the  mudcTits  in  turn  work  out  the  prescription*  oa 
tbr   blickboard.  and   to  fttihjert   these  to   the  criticism  of   the   class. 
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out  convincing  himself  that  the  physician  prescribed  this 
inleniionally.  W  hile  this  does  not  in  any  way  lessen  the 
responsibihty  of  the  physician,  it  is  a  safeguard  which  de- 
serves all  encuuragenient.  To  avoid  delay,  it  is  customary 
to  mark  such  large  doses  in  such  a  way  that  the  pharmacist 
will  have  no  doubt  that  they  are  intentional.     Thus: 

Tr.  aconiti.  5j;  or  5jl;  or  3j  Q,  R.  (quantum  rectum), 
the  last  being  the  best. 

The  student  should  familiarize  himself  thoroughly  with 
these  "  maximal  doses."  i.  e.,  the  largest  doses  which  are 
ciniinarily  administered.  These  are  given  in  the  following 
table.  The  maximal  dose  should  be  used  at  most  three 
mes  a  day.  The  *a"dinar}'  dose  is  generally  one-fifth  to 
One-half  of  the  maximal. 


TABLE    VIII  — MAXIMAL 
Gm.      Gr 


)hmin   ■ 

g«i toxin   ... 


StrvKrfinin ? 

m»^oin  ( 


3Tpin 


Pil 

J'  -alts, 

ihv-^j  bails,.  .. 


Mo*T>bm  

J**"-     Kuc,  Vom.. 

SjcsUu 

OL    Tiglii 


;bis  Ind. 


Opittta 


O.OOI 

V« 

0.005 

v» 

0.01 

Vt 

0.0; 

% 

0.03 

^ 

0.05 

n 

0.1 

1V2 

C.15 

2V2 

SINGLE   DOSES' 
Gm. 

Ant  Pot  Tart . . 

Tf.    Inrii, 

Fol.   Digitalis. .. . 


0.2 


CnIi:»c->-nth 
Gamhoge 


Acetanilid 
Chlornfomi 
B  rem  o  form 
Creosote   . . 


Liquid  Arsenic 


ITcpns 

Tr.  Slrophanthi. . . 

Copper   Salts 

Zinc   Salts 

Caffcin    Citr 

Thcnhrnmin    .... 

Phenacctin  ....  . . . 

Tr.   Niic-  Vom.. . . 

Pv.  Tpec.  t:t  Opii. . . 
Tr.  Digital  fro%) 

Tr.    Opii..^ 

Tr,  Aconiti  (ro%) 

Sulfonal    

Vin.   Colfhici   

Oiloral    


0.3 


0.5 


Gk. 
3 


1.0 


15 


IS 

30 

30 

45 


^^^wunatic   Conitmction   of  Prescriptions The  heading, 

mscription,  and  often  the  subscription  are  written  in  Latin. 

Mil  ibe  cue   of   alkftloidt.    the   do»c   applies   to  the  aaks.   not    to   tbe    free 
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A  slight  kntjwledge  of  the  mles  of  grammar  of  this  lan- 
guage is  therefore  essential  It  is  supposed  that  this  is 
possessed  by  the  student,  and  the  following  is  intended 
merely  to  recall  some  nf  the  more  important  facts: 

The  superscription,  K  (recipe:  '*  take  thou"),  requires 
the  name  of  the  substance  to  be  in  the  genitive,  if  the  quan- 
tity is  given,  the  quantity  itself  being  in  the  accusative  (the 
latter  is,  of  ctnirse.  very  rarely  written  out  in  full).  When 
the  quantity  is  not  given,  tlie  name  of  the  substance  is  to  be 
placed  in  the  accusative.  Adjectives  agree  witli  their  nouns 
in  gender,  number,  and  case. 

These  rules  will  generally  be  understood  by  translating 
into  English:  e,  g..  Take  thuu  of  tincture  of  aconite  one 
ounce. 

The  following  rules  for  the  formation  of  the  genitive 
case  will  be  found  valuable  ("Mann's  Manual"): 

Rule  i. —  ////  ttcruits  mditig  itt  a.  fonti  the  genitive  in  le; 
as  Quinina,  Quinina;.  Exceptions:  Aspidosperma,  Physo- 
stigma.  and  Theobroma  form  the  genitive  in  atis.  Folia 
is  plural ;  genitive,  foliorum. 

Rile  2. —  All  itouns  ending  in  us,  um,  os,  on,  form  the 
genitive  in  i;  as  Conium.  Conii.  Exceptions:  Rhus,  gen. 
Rhois;  Flos,  gen.  floris;  Erigeron,  gen.  Erigerontis.  Fruc- 
tus,  Comus.  Quercus,  Spiritus,  do  not  change. 

Rule  3. —  All  other  nouns  of  ivliatn*er  tcrminaiion  make 
the  genitive  in  s,  or  is.     Elixir,  gtn,  Elixiris. 

Some  lengthen  the  termination  thus : 

as,  genitive  atis;    as  Acctas.  Acetatis. 

is,         '*  idis;    as  Anthemis,  Anthcmidis. 

o,         "  onis;  as  Pepo,  Pcponis. 

X,  "  cis;     as  Cortex,  Corticis, 

There  are  a  few  exceptions.  Ascleptas,  gen.  Asclepiadis;  Mas,  gen. 
Maris;  Phosphis,  Snlphis.  etc.,  gen.  ilis:  Mucilago,  gen.  Mucilaginis; 
Solidago.  gen.  Solidasniis ;  Pulvis,  gen.  Pulvcris.  etc. 

The  following  words  do  not  change  in  their  genitive:  Aircdarach, 
Buchu,  Cannabis,  Catechu.  Condnrango.  Cornus.  Curare,  Citsso.  Fructus, 
Digitalis.  Hydrastis.  Jaborandi.  Kino,  Matico,  Quercus,  Sassafras.  Sago, 
Sinapis.  Spiritus,  Gambir,  Sumbul. 

The  accusative  is  rarely  employed.  It  is  formed  accord- 
ing to  the  following  rules  (Mann)  : 

RcLE  I, —  Nouns  singular  ending  in  a,  are  feminine,  and 
make  the  accusative  singular  in  am  and  the  plural  in  as. 
Example:    Drachma,  ace.  sing.  Drachmam.  pi.  Drachmas. 
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ReuE  2. —  Those  cftding  in  um  or  us.  make  ifw  accusative 
singular  in  um.  The  accusative  plural  of  those  in  us  is  03, 
and  of  those  in  um  is  a.  Those  in  us  are  masculine,  those 
in  um  are  neuter: 


Cc«giiis,  ncc.  sing.  Congium :  ace.  p!.  Congios, 
Granum.  ace.  smg.  Grantim;    ace.  pi.  Grana. 


tRuLE  3. —  Those  whose  genitive  ends  in  is,  form   the 
'Msativc  in  em,  plural  es. 
Attention  is  also  called  to  the  fact  that  adjectives  change 
their  endings,  a  fact  which  the  student  is  apt  to  forget. 
The  directions  to  the  dispenser  are  usually   written   in 
tin,  but   this   is  not   essential.     They   should,   in  every 
be  as  brief  as  possible.     As  a  rule,  the  pharmacist  is 
ttcr  informed  as  to  this  part  than  the  prescribing  phy- 
sician. 

The  following  prepositions  are  frequently  used,  and  com- 
mand the  following  cases : 

ad to   acaisalive. 

lilft  •«.....« of  each gcnilive. 

cum with  ablative. 

in into ...accusative. 

The  following  latin  words  and  phrases  occur  frequently 
in  prescriptions  (adapted  from  Mann): 


TABLE  IX. 

'^  - to,  up  to 

*^ .lihiltun . , . . .  ►.* at  pleasure 

, add  <thou) 

U,U) of  each 

tialtlcns boiling  water 

(ontiia    spring  water 

Untns    hot  water 

"    4etti11au   distilled  water 

™ well 

"•  *  d»« twice  daily 

°K**>itL talte,    let   him    take 

J**** a  paper  (medicated) 

"'^rt'Jll a  small  paper  for  a  powder 

^^» food 

«*fclearf  tnapnum   a  tablespoon 

^,         parvmn  .a  teaspoon 

^•.OoUtm, strain,  strained 

5?'* an  eve  wash 

*^  (C) a  Railon 

SV- with 

""'"».  dilwns dilute  (thou),  diluted 
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dimidius  one-hall 

divide  (Div.) divide  (thou) 

dividendus   lo  be  divided 

dividatiir  in  paries  sequales.Iet  iC  be  divided  into  equal  parts 

dosis   a  dose 

cxtendc  supra. spread  upon 

fac,  fiat,  fiant   (ft.) make,  lct.be  made,  let  them  be  made 

fac  tales  doses make  such  doses 

filtra    filter   (thou) 

gargarisma    a  gargle 

gutta,  guttse  (gtt.) a  drop,  drops 

haustus  a  draught 

bora  an  hour 

hora  snmni just  before  going  to  sleep 

bora  decubitus at  bed  lime 

in   dies daily 

instar like  <  with  genitive) 

lac    milk 

libra    (lb.) a  Troy  pound    , 

mane  primo very  early  in  the  morning 

magnus   large 

misce    (M.) mix 

more    dictu as  directed 

non  repclatur do  not  repeat 

numerus,  numero  (No,). ...a  number,  in  number 

octarius    (O.) a  pint 

ovum an  egg 

pars  a  part  ( governs  genitive) 

partes  atquales  (P.  ec.) equal  parts 

parvus    small 

pilula    (pit) a  pill 

pro  re  nata according  to  circumstances,  occasionally 

pulvis    a  powder 

quantum  sufficit  (q.  s-)  (fol- 
lowed by  genitive) as  much  as  is  necessary 

quaqiic  hora every  hour 

(cum)  semissc  (ss.) and  a  half 

signa   si^n 

sine without 

si  opus  sit if  necessary 

solve,  solutus dissolve,  dissolved 

solutio a  solution 

statim immediately 

talis   such 

tritura  triturate 

tere   simul rub  together 

ter  in  dies three  times  a  day 

vitellus   the  yolk  (of  an  egg) 


(B)  FLAVORING. 

I.  GEKERAL  RULES. 

The   ^iibiect  nf  flavoring   i«i  one   wbich   is   very  generally  neglect* 
by  the  beginning  practitioner,  and  is  one  treated  very  slightly  indeed 
in   most   text-books   on   materia   medica.     It   is,   however,  one  of  very 
great   impr^rtance  with   the  modern   patient.     Attention  to  this   on  the 
part  of  manufacturers  and  the  lack  of  it  on  the  part  of  physicians  is 
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p<rrhaps  lai^ely  responsible  for  the  increased  use  of  proprietary  medi- 
cines. Patients  very  often  will  fail  to  take  a  disagreeable  medicine, 
and  the  physician  should  always  be  on  the  lookout  for  such  cases.  It 
is-  scarcely  necessary  lo  say  that  he  should  approximately  control  the 
amount  taken  b^  jtidging  as  to  the  quantitjr  left  in  the  container,  as 
Hf  ^'hould  also,  in  general,  control  the  medicine  dispensed  by  the  drug- 
gist as  to  its  appearance  and  taste. 

Some  patients  will  carry  the  deceit  somewhat  further  and  pour  away 
t^ie  appropriate  amount  of  the  medicine,  and  if  the  physician  does  not 
ol>lain  the  anticipated  results,  it  may  be  well  to  prescribe  some  test 
rncdicine.  such  as  salol  I0.3  Gm.),  or  potassium  iodid  (0.5  Gm.),  which 
can  he  detected  in  the  urine  (Exercise  13). 

Tlie  subject  of  flavors  is  not  only  important  because  it  humors  the 
p3licm.  but  when  the  flavoring  is  properly  done  it  has  an  advantageous 
aotion  in  the  treatment  of  the  disease.  It  puts  the  patient  in  more 
favorable  condition  for  the  action  of  the  drug,  aiding  absorption  and 
<liUfHion.  One  need  only  point  to  the  value  of  condiments  in  food. 
It  IS  rather  surprising  that  a  physician  who  would  object  very  strongly 
to  eating  his  food  without  seasoning  will  prescribe  medicine  without 
giving  a  thought  to  this  subject. 

Condensed  Rules. —  The  substances  which  may  be  used  for  im- 
proving the  taste  of  a  mixture  arc  almost  without  number.  Before 
proceeding  to  a  detailed  discussion,  we  shall  give  in  a  condensed  form 
those  methods  which  are  apt  to  be  most  useful.  The  quantities  need 
'»ot   n«essarily  be  specified,  it  being  sufficient  to  mark  them  "  q.  s." 

Appearance. —  Liquid  prescriptions  intended  for  internal 
administration  should  be  clear  if  possible.  It  miglit  l>e  well 
to  mark  all  snch  prescriptions  **  filtra."  The  apj>earance 
may  l^e  very  materially  improved  by  tlie  addition  of  some 
coloring-matter,  and  this  may  also  prove  nsefnl  through  its 
^grgrestive  element  and  by  hiding  the  nature  of  the  medi- 
cine from  the  patient.  The  following  are  recoinmended 
for  s-olutiotts  in  the  proportion  of  about  2  drops  to  the  ounce 
(0.4  :ioo) ; 

Red:  •  Tinctura  Persionis  N.  F.* 

Broxi/n:     •  Tinctura  Persionis  Cnmposita  N.  F, 

Yclloic:     *  Tinctura   Cnrcumx  N.  F. 

^or  poxvdcrs   Carmine. 

I^or  Improving  the  taste  for  children,  Synipus  ToUita- 
'^^'s  :  for  nthtlts.  Klixir  Aromaticimi. 

^or  the  administration  of  salts,  where  the  alcoholic  elixirs 
^*"^  rnt  admissible,  use  Aqua  Menth?e  Piperitn?  or  2  grains 
*^'  citric  acid  per  ounce  (0.4:100). 

^r>T  cmulsiotis.  6  drops  Spiritus  Aurantii  Compositus  per 
^ince  (I  :ioo)  ;  other  flavoring  spirits  are  used  in  the  same 
T^foprirtion. 

•  Not  official. 
„'U,  S.  P. ^official  in  Uniied  Sutcs  —  B.  P.,  in  British  Fhartnacoporia ;  N.  F. 
•^*lwn»l  Formulary. 
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For  producing  a  bitter  flavor  use  Elixir  Gentiana?  N.F. 

To  render  the  atlministratiun  of  a  great  amount  of  hoi 
imter  acceptable,  use  decixrlicm  of  SjKicies  Pectorales  N.F. 
in  the  prt)iK>rtion  of  2  tablespoon fuls  to  the  cup. 

For  the  administration  of  cold  rooter  use  lemonade. 

For  the  flav*.>ring  of  cough  medicines  use  Syrupus  Gly- 
cyrrhizK. 

II.  DETAILS:    COLORINIG.' 

Anilin  colors  should  be  avoided  as  far  as  possible,  since 
ihey  are  freijuently  more  or  less  toxic. 

1.  Watery  or  Alcoholic  Liquids. 

The  following  arc  especially  useful  in  slightly  acid  liquids.  The 
tinctures  arc  used  in  the  proportion  of  2  drops  to  the  ounce  (04  :  100). 
{A)  To  produce  a  red  color: 

*Tr.    Persionis    N.  F.,   prepared    from   a  lichen  — 12S4% —one-third 
alcohol  —  miscibic  wiiii  nlcoho!  and  water. 
(f()   To  produLC  a  reddish-brown  color: 

*Tr.  Persionis  Camp.  N.F. —  2%  persionis,  10%  caramel  —  miscibic 
with  water  and  alcohol 

(C)  To  produce  a  yellow  color: 

*Tr.  Curcumtr  N.F.  (Curcuma  longa.  Turmeric,  ZingSbcraceie, 
Southern  Asia)  — 15%,  alcohol,  miscibic  with  alcohol,  but  not  with 
water.  If  the  mixture  is  aqueous,  it  must  be  filtered.  Alkalies  will 
change  the  color  to  reddish-brown. 

Crocus.  Saffron  (Stigmata  of  Crocus  salivus,  Iridese,  cultivated  in 
Spain  and  France). 

It  also  contains  volatile  oil  and  is  used  popularly  as  a  canninative 
and  emmenagog. 

Tr.  Croci  R.  P.,  U.  S.  P.— 10% —  one-half  alcohol  — miscibic  with 
water  and  alcohol. 

(D)  To  produce  a  brown  color: 
Caramel — partly  carbonized  sugar. 

(■£)  For  other  colors,  anilin  dyes  must  be  used. 
For  blue,  meihylene-blue. 
For  violet,  gentian-violet 


Boraginex  — 


2.  Oily  liquids. 

(A)  Red:    *  Alkavet  —  root    of    Alkanna    tinctoria. 
West  Asia.     (Rt-d  with  acids;  blue  with  alkalies.) 

■  Madder:  Wood  of  Rubia  itnctorum,  Rubiaccfr.  Levant  and 
Southern  Europe.  Contains  especially  alizarin,  and  other  coloring- 
matters.     Little  soluble  in  water. 

(B)  Yellow:  *  Annatto  —  pnip  surrounding  seeds  of  Bixa  orallana, 
Bixine^  —  South  .\merica  —  insoluble  in  water  —  soluble  in  alcohol, 
ether,  and  oil.     (Frequently  used  for  coloring  butter.) 

3.  Powders. 

(A)    Red;    *  Carmine  —  a    precipitate    obtained    from    decoction    of 

•  ^lot  official. 

'  The  oio«l  impi>rtant  pirrMirations  ire  mentioned  in  the  Li»t»  of  the  .\iv 
pcndix  (A.)  Only  ihcflc,  and  the  data  asked  for,  ahould  be  studied.  The  other* 
arc  for  reference,  and  need  only  be  glanced  nvcr. 
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cochineal  by  alum  or  cream  of  tartar.  Soluble  in  alkalies^  brightened 
and  precipitated  by  acids.  Also  soluble  in  alcohol.  Contains  carminic 
acid.  May  aUo  be  used  for  coloring  liquids:  *  Liquor  Carmiui  N  F. 
6%,  with  ammonia  and  one-third  glycerin. 

Cochineal    U.  S.  P. —  females    of   the    insect    Coccus    cacti  —  Mexico 
and  Central  America. 
Iron  oxtd  or  carbonate. 

j  *  \rmfnian  boU  is  an  iron-containing  clay  used  for  this  purpose 

( B)    Blue:     •  Uitraiininttc  —  compound    of   aluminium    and    sodium 

j^^^licate  and  sodium  pij^lyi-ulphid.     It  is  insoluble. 

^^M  '  Littaus,   a    pigment    obtained    from    lichens.     Insoluble    in    alcohol, 

I^Kwlublc  in  water. 

f  •  Indigo,  a   pigment   obtainable   from   a   number   of   plants   and  also 

ll        tjmthetically.    The  active  principle  is  a  colorless  glucosid,  plant  iadican. 

I         Under  the  action  of  ferments  or  acids  it  yields  indigo-blue  or  indigotin. 

L        This  is  insoluble  in   ordinary   solvents,   but   dissolves   in   concentrated 

^^L  H;SOt.    H  this   solution   is  neutralized   with    NaOH,   the  pigment  re- 

^^P  naiiis  in  solution  and  produces  a  beautiful  blue  color,  which  is,  how* 

^^    ever,  destroyed  by  oxidizing  or  reducing  agents. 

I  (C)  Black:    *  Lampblack  or  soot   (ftdigo  ligni). 


in.  DISGUISING  THE  TASTE  IN  SOLID  FORM. 


This  may  be  accomplished  by  administering  the  substance 
in  the  f  >rm  nf  pills,  triturates,  capsules,  cachets,  tablets, 
rtc.  In  the  case  of  the  ordinary  pills  or  tablets,  there  is 
^^nerally  some  taste  before  they  can  be  swallowed,  and  this 
Js  t>bviated  by  coating  them  with  gelatin,  sugar,  chocolate. 
**C-  All  these  measures  diminish  the  solubility  of  the  sub- 
stance, the  most,  perhaps,  in  the  case  of  pills.  Triturates 
fT  compressed  tablets  can  be  prepared  so  as  to  disintegrate 
and  dissolve  as  easily  as  the  powder  itself.  However,  most 
^^  t!ic  preparati<.»ns  put  c>ut  by  the  manufacturers  do  not 
conform  to  this  demand,  and  prol>abIv  all  harden  on  keep- 
ing. 

IV.  MEASl'RES  FOR  DESTROYING  THE  TASTE. 

Certain  substances  have  the  property  of  paralyzing  the 

sensory  endings  of  taste.     Among  these  Is   Verba   santa. 

iS^  Chap.   X.)     This  destroys  the  taste  for  bitter  sub- 

'^nces  especially.     It   is.   however,   therapeutically  objec- 

tuinable.     It  probably  renders  alkaloids  insoluble,  and  as 

''^r  ordinary  bitters,  it  is  extremely  probable  that  the  thera- 

pwuic  action  is  connected  with  the  bitter  taste.     One  c.  c. 

^'  ^W  fluid  extract  covers  the  taste  of  0.012  Gm.  of  quinin 

su'phatc  or  1.5  Gm.  of  quassia. 


•  Not   oAcitl. 
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Similar  properties  arc  found  in  the  following  plants: 

•  Gymncma    sylvestre, —  Africa. 

*  Bulmcnia  dulcifica, —  Sudan. 

♦  Phrynium  Uanielli, —  West  Africa. 

The  same  object,  the  rendering  tasteless  of  the  substance,  may  be 
attained  by  rendering  ii  insoluble  in  the  saliva.  This  can  be 
accomplished  with  a  numl»cr  of  alkaloids  by  the  addition  of  tannin. 
Unfortunately  this  almost  invariably  diminishes  the  solubility  in  the 
lower  portions  of  the  alimentary  canal  as  well. 

V.  DEMULCENTS. 

Demulcents  may  be  defined  as  non-absorbable,  slimy,  colloid  sub- 
stances, generally  soluble  in  water  and  insoluble  in  alcohol.  They  very 
markedly  diminish  the  characteristic  taste  of  all  substances,  acid,  salt. 
and  sweet,  as  well  as  bitter. 

They  do  this  by  enveloping  the  substance  and  forming  a  protective 
layer  over  the  mucous  membrane,  and  in  this  way  preventing  the  ac- 
cess of  the  substance  to  the  taste  organs.  This,  of  course,  diminishes 
absorption  as  well  as  taste.  One  can  very  readily  convince  himwU 
of  this  "corrective"  action  by  mixing  a  !%  solution  nf  citric  acid 
with  water  and  with  a  thin  starch  paste.  The  latter  will  taste  very 
much  less  sour.  Colloid  substances  of  this  kind  are  present  in  fruits 
as  pectin  bodies,  and  have  a  very  marked  influence  upon  their  taste. 
The  ra.sphcrrv,  for  instance,  actually  contains  more  acid  than  the  cur- 
rant and  but  little  more  ^ugar,  its  less  sour  taste  being  due  to  the 
greater  amount  of  these  pectin  substances  present  in  it. 

The  M^iteria  Medica  of  the  demulcents  is  contained  in  Chapter 
XXXI  A. 


VI.  SACCHARINE  FIAVORS. 

The  taste  of  many  substances  is  disguised  or  rendered  more  accepta- 
ble by  sweetening.  Sugar  (cane  or  beet)  or  its  solution  —  syrup  —  is 
most  commonly  used.  Honey,  glycyrrhiza.  saccharum  lactis,  glycerin, 
or  saccharin  are  sometimes  substituted.  Tlie  flavored  syrups  are  usu- 
ally preferred,  r.  jc.,  Syr.  Glycyrrhiz.T,  Auranlii,  .\cidi  Citrici,  Tolu- 
tanus,  etc.;  or  Elixir  Aromaticum  or  .\djuvans. 

In  cases  where  sweetening  is  desired  and  sugar  is  excluded,  par- 
ticularly in  cases  of  diabetes,  the  artificial  synthetic  product  sacchann 
may  be  substituted.  It  is  about  three  hundred  times  as  sweet  a?  sufitar, 
hut  the  taste  is  not  exactly  the  same.  The  dose  for  a  cup  of  coffee 
or  tea  is  about  one-half  to  one  ^ain.  Glycerin  is  another  sweeiening 
substance  which  does  not  contam  sugar,  and  i-^  sometimes  employed 
in  place  of  saccharin.  A  principle  of  ouite  a  different  kind  is  the  prin- 
ciple of  glycyerrhisa.  This  acts  only  in  alkaline  liquids,  especially 
nmmonincal.    It  has  no  taste  if  the  liquid  is  made  acid. 

Saccharum,  U.  S.  P.  (Saccharum  puriftcatum.  B.  P.) — used  in  the 
granulated  frtrm  (beet-  or  cane-sugar  may  be  used  indifferently).  It 
is  very  widely  distributed  in  the  vegetable  kingdom.  Soluble  in  0.5 
parts  of  water  or  175  parts  alcohol. 

Syrupus  (U.S.  P.). —  85  Gm.  in  loo  c.  c. ;  made  by  heat  or  percola- 
tion. 

Honey  (Met  Depuratum,  U.  S.  P.)  is  also  a  very  pleasant  flavor 
when  fre«:h  and  pure. 

Of  semi-solid  preparations,  the  thicker  are  called  confections  (Con- 
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fectio  Ros«).  Powders  may  be  incorporated  in  these,  but  they  are 
iftrgcly  obsolete.  Somewhat  thinner  preparations  were  called  elcctua- 
ritt. 

Lumtsu^ar  is  useful   for  administering  liquids  given  in  drop  doses. 
When  flavored  with  an  esseiuiai  oil,  it   i<>  called  eleosaccharum. 

XiapU'Sugor  —  the   evaporated    sap  of   Acer   saccharinum.    Aceraccsc, 
North  America  —  may  l)e  looked  upon  as  a  natural  eleosaccharum. 

Other  sugars  —  glucose,  tuolasses,  manna,  maltose,  etc. —  are  of  small 
impcrtancc  as  flavors. 

*  *  GIvcose. —  Prepared  by  acting  on  corn-starch  with  hot  dilute  sul- 
rtc  acid,  and  found  in  commerce  either  as  a  syrup  or  in  solid 
SBS'^f.  It  is  not  as  sweet  as  sugar,  and  generally  contains  dextrin, 
which  makes  it  less  easily  absorbed.  It  is  less  soluble  than  cane-sugar 
m  u.if.  r    \<ut  more  so  in  alcohol. 

V   the   term   glucose   is   restricted   to  the  syrup    (in   which 
thr  ,  i^  less  complete)  and  grape-sugar  to  the  solid.     The  com- 

mercial  prcHiucts  are  often    contaminated   with  barium  and  sometimes 
tvcn  with  arsenic,  and  arc  therefor  harmful. 

Saccftarum    Lactis    ( Milk- Sugar) ;   Manna;   Glycerinum;    Levulose: 
we  Index. 

Bcnzosnlphinldum   (U.S.  P.)    [Glu^idum,  B.  P.]     (SncclMrin,  Dul- 

Hir— A  numl>i*r  of  benzol  derivatives  have  intense  =iweelcning  power 

Uir  -ifiicial  15  ihe  anhydrid  of  ortho-sulphamid-bcnzoic  acid.  C«H*.SO;. 

'      il      A   while  cry^tnllinc  p<^>\vder.  soluble  in  250  water,  25  alcohol. 

\t'    »  500  limes  (he  sweetening  power  of  «;ugar. 

Ii  has  the  properties  of  the  coal-tar  group  and  is  therefor  antiseptic 
"i<J  irritant.  It  is  sometimes  given  in  fermentative  dyspepsia  (0.1  to 
J.?  Gm* )  (aa  Gm.  =  j  grs.,  U.S.  P.)  Its  long  cnntinued  use  inter- 
'fcs  with  digestion  and  may  lead  to  nephritis.  For  sweetening  the 
'•'  'inuld  not  be  exceeded. 

Mta,  U.  S.  P.  iClycyrrhisa  radix,  B.  P.).— Licorice. —  Rook 
1  ifia/a  glabra,  l^guminofpp.  Southern  Europe  and  western 
Its  taste  is  especially  agreeable  to  children;  less  so  to  adults. 
\r,  .l/'MuiIcenL     C<^nlains; 

'I    (a   glucosid,   lite   ammonium   salt  of  which   causes  the 
r,  starch. 


G. —  The  watery  extract  evaporated  to  a  solid  consistency 
formed  into  rolls).    Soluble  in  water. 
turn     G. —  One-third     alcohcd    and    5%    ammonia    water. 
•Auh    water   and   alcohol.     Uose   ad    libitum    (2  c.  c.  =  30   ITl, 

•  C.  N  F,   Elixir  G,  N.  F.,  £/uri>  G.   aromaticum.— 12% 


U.S.  I>i 

i/inum    Ammoniatum.   U.  S.  P. —  Prepared    by   precipitat- 

"■'  Ikaline   extract  by  sulphuric  acid,  dissolving   in   am- 

''  rating  the  solution.     Soluble  in  water  or  alcohol.     It 

pc'is'.<>^^  no  advantage  over  the  extract,  and  is  devoid  of  Ihc  demulcent 
^''^riirt.    Dose,  0.3  to  0.6  Gm.   (5  to  10  grains). 


VII.  FLAVORS  PROPER. 

T^*'V  consist  for  the  most  part  nf  essential  oils,  acting  at  once  upon 
'^'  '"^c^n:  r.f  rn'tte  and  smell.     Sometimes,  however,  other  solid  con- 
r    flavoring  principle. 

rt  partly  as  reflex  stimulants,  and  in  that  connection 
V')  *UI  agai.1  be  considered  in  Chapter  XXIX.    They  consist  of  a 

*  Nnt  b<Bri&t. 
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solid  and  a  liquid  portion  ( stcaroptciie  and  cleoptcne).  the  lalier  being 
the  stronger.  They  are  soluble  in  alcohol  and  in  ether,  and  only  to 
an  extremely  small  extent  in  water,  but  sufficiently  so  to  impart 
their  flavor  to  it. 

These  oils  are  prepared  by  distillation  per  se.  with  water,  or  by 
expression,  or  by  solution  with  appropriate  solvents,  or  by  absorbing 
them  with  fixed  oils.  They  are  preferred  to  preparations  made  di- 
rectly from  the  drug,  since  they  arc  free  from  other  extractive  maic- 
ial.  The  essential  oils  lose  their  flavors  verj'  readily  on  keeping 
through  the  development  of  ozone,  etc.  Their  keeping  quality  may  be 
very  much  improved  by  adding  to  them  three  volumes  of  alcohol  and 
using  a  correspondingly  larger  amoimt  in  the  preparations.  They  may 
be  divided  into  sweetish  and  aromatic  flavors.  To  these  may  he  added 
the  acid  flavors,  and  tho»c  belonging  to  miscellaneous  groups  having 
other  therapeutic  qualities. 

Table  of  Materia  Medica  of  Plants  Containing  Odorous 

Flavoring"  Principles. 

(A)  Sweet  Flavors. 

/    Rose  Flavors. 

Name.  Family.  Haditat.         Active  Principle. 

'  Rosa  daniQScena Rosaces.       Southern  Europe  Oil  of  rose  (ottar 

and     Turkey;     rose), 
cultivated. 
"     (other  species)      *'  Cultivated.  Volatile  oil. 

^Fruits "  "  Volatile    oils    and 

ethers. 
^Pelargonium    Gcraniace:e.         *'  Oil     of    rose    gera- 

nium. 
^Attdropogott   Kflrrfwj.Graminci.    East    India.  Oil   of  lemon  grass. 

*Andropocou  Oil  of  Indian   gcra- 

SchoenantUiis . . .    .       "  "  "  nium. 

^Rosmarinus  o0i- 

cinalis  I^biatfr.         Cultivated.  Oil  of  rosemary. 

//.  Other  Fh-wcrs. 
(Often  including  the  plant.) 

Part  Acnvr. 

Name.                 FANfTiv.         Habitat.  Used.       Principle. 

Lai-andula  vera Labiatae.         Southern    Eu- Flowers.  Oil    of   laven- 

rope ;    culti-  dcr. 
vated. 

*MeHssa   offxcinalis . . ,       "                Southern    Eu-  Plant.     Oil    of    balm. 

rope :    cjiti-  Bitter   prin^ 

vated.  ciple. 

*hfoftarda  pu*fctata..       "              North   Amer-  "       Oil.  (Horse- 

ica.  mint.) 

*Tr\foUum   (species)  Xeguminosae.North   Amer-  "       Oil.     (CIo- 

ica.  ver) 

*Meh'htHs  ofHcinalis.        "               North   Amer-  Oil.   (Sweet 

ica.  Clover.) 

*  Rose   Oil.     The  rlcoptcne  is  the   most   viliiabic   pari. 
'The  srejitcr  number  of  ihe  common   fruit*  are  obtained  from  planU  of 
ftmily  gf  Rotaccv.     Fruit  jettys  arc  it«cful  to  disguise  the  taste  of  pills,  etc 

•  Not  ofRcial, 
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^^^^^^^^^^  —  ri .         Part  Active 

m  Name.  Family.  Habitat.         ^'sed.       Phivcple. 

^Citrus  aurantium...  Rutaceae.       CuUivaied.        Flowers. Oil  of  Orange 

flowers    (oil 
of  ncroli). 
* S pirtta  tomrntosa.. .  KosAccx.        North    Amfr-    Plant    Oil.  (Hard- 

ica.  liack. ) 

*Jri^  florentina Iridcae.*  Northern  Root.      Oil   and  bitter 

Italy:   cuiti-  piinciple. 

vatcd.  (Orris.) 

Anthemis  MofriYw. ..  .Compositac.   Temperate         Chamo-Oil.      Bitter. 

zone.  mile  J 

flowers.  S 

^Samhucus  (species)  Caprifolia-     Temperate  Elder     Oil.      Gum. 

ccx.  zone.  flowers. 

*THia    (species).. ...  Tiliaceae.        Temperate         Linden     "       Gum. 

zone.  flowers. 

Sahia  oificinalis...,  Labiatae.        Temperate         Sage         "       Tannin. 

zone.  herb 

///.  Soiid  Odorous  Principles. 
Nahi.  Fruit.         Family.         Habitat.         ^^^^  p^"^^ 

^Vanilh 
planifoUa.. .  .Vanilla 

bean. . -Orchidaccae.   Central  America.  Fruit.  Vanillin. 
'  *Diptens 

odorola Tonka 

bean. .  .Lef^uminosx.  Guiana.  Fruit,  Coumarin. 

ft'.  Odorous  Resins   (Botsams  and  Gum-resins). 
The**  usually  contain  benzoic  or  cinnamomic  acid  with  volatile  oils. 
They  are  slightly  antiseptic  and  locally  stimulant. 

I.  Gum-resins  (emulsifying  when  rubbed  with  water)  : 
NxMt-  Source.  Family.  Habitat. 

C6ibanum   Ferula   Galbanum.  Umbellifcrse.    Persia. 

*Ammoniacum. . .  Dorema   Ammoniacum.  "  " 

•Oii6iniKHi. . .  _  .  Boswellia.  Burseracese.     Africa   and    Ara- 

( Frankincense)  bia. 

Mynha   ...... .Conmiiphora  Myrrha.  "  Africa   and   Ara- 

bia. 

2.  BAijAutc  RESiKS  (insoluble  in  water,  soluble  in  alcohol  or  ether): 
Name.  Source.  Family.  Habitat. 

^^nsflimtnt   Styrax  benzoin.  Styraceae.         Sumatra     and 

ifaliamum  Java. 

fi-'Mtidnnm.  .Toluifera  percirjc.  Lejfuminosw.   Central    .\mcrica. 

i^ahamHm  "  balsamum  "  Venezuela. 

Liijwdombt'r  . .  .Liquidambcr    styraci-     Hamameli-       North    and    Cen- 
'5*rctgiim)      flua.  dese.  tral  America. 

, .,  •  Not  official. 

.  _J*V'-i>'     The    freshlr  collected    bean    has    no    Ravor:    thi*    t9    dcrrloped    by 
l!iil-;    *  ?■   ^"^   whtch    i    principle,    coniferin.    is    cbanfted    intn    vamiUiH   by    the 
iciMn  of   fay.lrolyztfiK    and    oxtdizinR    ferments.     Tbe    vaniUin,    »n    aldchyd.    can 
**•»**.  owaineH   f>nthetica1ly.      It    is   official. 
.  'UiDl  Davoring   la   often    f3lsi6cd   with   tonka  bean. 
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Nauz.  Source.  Family.  Habitat. 

Styrax   Liquidambcr  orientalis.  Hatnamcli-       Asia  Minor. 

deae. 

*Popuius Poplar  buds  arc  covered  with  a  balsamic  resin. 

(Balm  of  Gil- 
cad  J 

P\  Musk  Fltnon. 

MoscHUs,    musk,   the   dried    Hccrftion   of   the   preputial    folliclei    of   Mo«ch' 
moscttiferus.   Thibet   and   China. 

The  odor  of  the  tincture  improves  on  keeping.  Also  possesses  in  hi«^ 
degree  the  property,  ctimniun  to  all  otloruus  oils,  of  reflexly  itimulating  *^^^*i 
medulla.  A  nynthctic  substance  of  similar  odor  (*'  artificial  musk ")  is  ua-^^** 
in   perfumery. 

Some  other  animals  yield  similar  pro<lucts  which  are  used  in  perfuminit.      K^iit 
are    of    no     importance    in    medicine.     The    same    holds    true    of    the     sjrntl'a* 
substitutes. 

AmonRSt  plants,  the  Sumbul  also  shows  a  similar  odor. 

*  Castomeu.     From    the    prepuital    follicles   of    Castor    Fiber. 


(B)  Aromatic  Flavors. 

/.  Oravgc  flavors. 

The  volatile  oil  is  contained  in  large  cells  of  the  rind  of  the  fr 
The  plants  all  belong  to  the  family  Riitacese.  and  are  cultivated  al< 
the  Mediterranean  and  in  Florida  and  California.  Citrus  vulgs 
also  contains  a  bitter  principle. 


Name. 

Citrus  vulgaris. 
**      Aurandum. 
**      Limonum. 
"      Bcrgamia. 


Product. 
Oleum  Aurantii  Amari   (Bitter  Orangc>  - 
dulcis  (Sweet  Orange). 
**      Limonis   (Lemon), 
♦     "       Bcrgamotta?   (Bcrgamot). 


The  whole  pi  ^^"4 

Habitat. 


//.  Menthol  and  Similar  Flavors, 

The  siearoptenc  of  the  oil  is  menthol  or  thymol. 
IS  used. 

Name.  Common        Family. 

Na  m  e. 

Mentha  piperita Peppermint.  Labialac  North  America, 

viridis   Spearmint.  "  " 

*'         (other  species) 

^Thymus  vulgaris Thyme.  Labiatz.  Cultivated. 


I 


///.  Flavors  from  VmhcUiferff. 

The  oils  are  contained  principally  in  the  seed  or  root. 
grow  in  temperate  climates  and  are  largely  CLiItivatcd. 


The  pi 


rmtt 


Seeds: 


Stud? 


Carum  Can't.     Caraway. 

♦  "       PcirvseliHum.     Parsley. 
*Apium  ^ravcokrts.     Celery. 

Pimpinella  Anisum.     Anise. 
Ancthum  Fa-niculum.     Fennel. 

*  "        sfo'i't'oletjs.     Dill. 
Coriatidrum  satizum.     Coriander, 

*Daucus  Corota,     Carrot. 
*CuMununt  Cyminum.    Cumin 


•  Not    official. 
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Roots:  *Angclica  t>urpurca,    Angelica. 
*Archangdica  ofHciHoUs. 
*Osmorrhiza  iongCstylis.    Sweet  Cicely. 

*micium   lucrum    (star  anise,   family   Magnoliacex)   resembles   anise 
greatly  iii   flavor,  other  genera  of  the  family   (Magnolia  acuminata) 

(po&acss  very  aromatic   fruits. 
It'.  Other  Sweet  Aromatics. 
Va«p  Common 

^^^'^  Name. 

Sctsafras  oAcma/if  Sassafras.. Laurace^ 


FAMtLV. 


» 


Habitat. 

PArr  Used. 

North 

Root  bark  (oth- 

America. 

er  portions  of 

the  plant  also 

contain    the 

oil). 

North 

Root. 

Morut  Calamus.  ..Sweet  flag.  Aracea;, 

America. 
II  *^fl/i'tf  quiHquefolia.Ginscng.     Araliacex.      North  " 

I^K  America. 

^H     (Other   species   also   contain   similar   principles.    This    drug   is 
^^         highly  valued  by  the  Qiincsc.) 
^Trigonflta    F(ntum 

(racutH  Fenugreek.Leguminosa;.India,  Medi-Seeds 
terranean; 
cultivated. 
V.  Pungent  Volatile  Oils  and  Resins, 
-itheria  pro* 

^^^mbens   Wintergrecn,         Ericace.-e.    North  America.  Herb. 

^^^fopkyilum  . .  -Cloves.     U  n  e  x-Myrtacese.  Tropics ;   culti- 
^H  panded    flowers  vatcd. 

^H  of    Eueenia 

WM__  caryophyltata. 

f^^^nta  oHicina- 

'*^    Allspice.  Myrtaceae.  Tropical  .^me^- Fruit 

,  ica:   cultivate 

^,  ed 

^y^9*€momum        (Saipronicum. 
^^^lantcuni,  or       "Cassia) Latiraceae.  China  or    Cey-Bark. 


Familv. 


HABrTAT. 


Part 
Used. 


M 


T^^jtiea 


Ion. 


^^^^Jtfiw Nutmeg  (Myris-Myristica- Cul  t ivated  in 

^^^■1  lica)  =seed:    ccsc  tropical  coun- 

^^^^P  *mace    (maci«) 

l»kj^^  ope  (arillode). 

fcBf*^  *tijtn$m. . .  .Black  pepper.         Pipcra-        India:  cultivat- Unripe 
^^P  ce.T.  cd  in  tropica,     seed. 

^"       ^ Piper  album  is  the  above  peeled.) 

,--^TV   ^    (■    methyl    salicylate,    and    in    lanrer    dotes   shares    the    therapeutic 
^jT^)**    of     talicyltc     acid.     Oteum     Betulit     (Sweet     Bircb)     alto     coniiits     of 

•  Not  official. 
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M.wr  Common 

^^*'^-  Name. 

EUttaria  Carda-  . 
momum Cardamon. 

'  Zingiber  officinaU  Ginger, 

*Asarum   canth 

dense  Wild  ginger. 

Capsicum   fastig- 
iatum Red  pepper. 


Family. 


Habitat. 


Part 
Used. 


Zingiber-  India;  cultivat- Fruit 

acea;.  ed. 

Zingiber-  Tropics ;    cuiti-  Rhi- 

aceas.  '  vated.  zome. 

Aristolo-     North  America.  Root, 
chiaccae. 

Solana-    Cultivated  in  Fruit, 
ceae.  tropical  coun- 

tries. 


VL  Hydrocyanic  Acid  Flavors. 

These  arc  contained  in  the  kernels,  leaves,  and  bark  of  many  plants 
of  the  rose  family. 

Of  some  importance  are: 

Amygdala  amara  (U.S.  P.).  BUter  almonds.  The  seeds  of  Amyg. 
Am.,  family  Amygdalaceae.  Cultivated.  The  oil  is  chiefly  benzalde- 
hyd,  CtH«0,  with  a  little  HCN.     Xilrohrfisot  has  a  very  similar  odor. 

Frunus  serolina  (Frunus  I'irginiana.  U.S.  P.).  Wild  cherry  bark. 
(Tannin  ) 

Frunus  laurocerasus   (B.  P.).     Cherry  laurel  leaves. 
Study  Materia  Medici  Lesson   3. 


(C)   Preparations  of  the  Foregoing. 

All   The   plants    may   be  used    in   the  form  of  decoction   or  infusion, 

employing  the  usual  strength  of  i  :  20. 

I.  Volatile  Oils,  ofBcial.  Used  for  flavoring  in  proportion  of  i  drop 
lo  the  ounce  (0.2  :  lOO),  but  only  in  alcoholic  liquids  (they  should 
be  preserved  diluted  with  3  volumes  of  alcohol):    , 


Oleum  Amygdalae  Amarse,  U.  S.  P. 
Ancthi,   B.  P. 
Anisi,   B.  P..  U.  S.  P. 
AntJicDiidis.   B.  P. 
Aurantii   Corticis,  U.  S.  P. 
•        "         Florum. 
Bergamott*. 
Betulae.  U.  S.  P. 
Cari.  U.  S.  P..  B.  P. 
Caryophvlli,  U.  S.  P..  B.  P. 
Cinnamomi,  U  S.  P.,  B.  P. 
Coriandri,  U.  S.  P..  B.  P. 
Fceniculi,  U.  S.  P. 
Gaultherist,  U.  S.  P. 


Oleum  Lavandulae  Florum,  U.  S.  P-, 

B  P. 
Limonis,  U.  S.  P.,  B.  P. 
Mentha     Piperita,    U.  S.  P., 

B.  P. 
Men!hs     Viridis,     U.  S.  P., 

B.  P. 
Wyrciac. 

Myristic<e.  U.  S.  P.,  B.  P. 
Pimentse.  U.  S.  P..  B.  P. 
Ros».  U.  S.  P..  B.  P. 
Rosmarini.  U.  S.  P.,   B.  P. 
Sas<safras,   U.  S.  P. 
Thymi.  U.  S.  P. 


The  following  isolated  flavoring  constituents  are  also  official:     Be%- 
zaldehyd     (Bitter     Almonds^;     Cinnaldehyd     (Cinnamom):     Eugenol 
(Cloven)  ;5'o^ro/  (Sassafras);   Vanillin   (Vanilla). 
2.  Oleoresina.     (Not  used  for  flavoring:  strongly  irritant) 

'  Several    varirtie*    arr    nn    thr    market.      R««ides    the    volatile    oil,   it    contaiafl 
r«in.   tiarch,   and   mucilage. 

•  Not  official, 
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3-  Aqu^.     <Dosc  of  the  flavoring  waters  is  ad  libitum.) 

(Official  in  both   Pharmacopceias:) 

A^ua  Amygdalx  Amara.  Aqua  Funiculi. 

Anifi.  Mentlia   Piperilae. 
Aurantii  Florum.  "        Viridis. 

"  "        Fonior.  Rosx. 

CinnamomL  "       Fortior. 

4.  Spirits.     (Only    misciblc   with   alcoholic    liquids ;    for   flavoring,    lO 
drops  to  3.  2  :  lOO.) 

The  following  are  official  in  the  U.S.  P.: 

S^initus  Amygdali  Amar;e.  Spiritus  Gaulthcrix. 

Anisi    (also   B.  P.).  Lavandula    (also   B.  P.). 

Auranlii    Compositus  Mentha     Piperita     (also 

(blended  aromalics).  B.  P.). 

Cinnamomi    (also  B.  P.).  Mentha  Viridis. 

S  £i*sirs.    Mifcible     wiih     water    and     alcohol.     The    aromatics     are 
blended  in  the  proper  proportions.     Dose  ad  libitum.     The  follow- 
ing iTc  purely  for  flavoring: 
Official; 

Djxir  Aromaticiim.  Elixir  Adjuvans  (contains  licorice). 

National  Formulary:    Elixir  GeniianK.* 

6-  Tinctures.     Dose,  10  drops  to  5  (>  *50). 
Official  in  U.  S  P. : ' 

^f'-fcthir  only  uith  alcohot,  not  MUcible  U'Uh  water  and  alcohol: 
ai/fc  xtHsirt: 

Ttnctara  Aurantii  Amari.  Tinctura  Cardamomi  Comp.  (B.  P.). 

.\urantii   Dulds   (B.  P.).  Cinnamomi. 

Benioini.  Gentians  Comp. 

Limoni«  Corticis.  Lavandnlie  Comp.' 

Myrrh*.  Mcschi. 

Tolutana.  Vanillx. 

Zingiberis    (HP.), 

'e  compound  tinctures  contain  other  aromatics. 

;.  ^>/v/»x'    Dose  ad  libitum. 

Official  in  U.S.  P.: 
SyiuHis    Acidi    Cilrici.  Syrupus  Pids   Liquidie 

Amygdalic.  Primi  Virginianac   (B.  P.). 

Aromaliciis    (HP).  Rosae  (B.  P  ) 

Auranlii    (B.  P.).  SarsaparilK'e   Comp. 

Florum    (B.  P.).  Tohitanus. 

^    .       Limonis    (B.  P.).  Zingibcris   (B.  P.). 

>*tionaI  Formulary: 
>yf™Pus  Coflfear,  Synipns  Glycyirhizae. 

CinnatDomL 

OfRcial: 
Md  4ow,  U  S,  P.     Boracis:  Oxymel.;  Oxymel  Scillar,  B.  P. 

(^i>  if  ilctannated  *nd  may   be   OMd    where   iron   is  to   he   adniinHtercd   in 
J*«iKm  w;rh   a  tiittcr. 

j^oie  n  r.>   «re  alw  ■>fficial   in   the   DritUh    niamucop<eia. 

•'w  ^  .  'ind    Spirit    of    Lavender. 
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9-  Confections, 

Official : 
G^nfecuo    Rosae,   U.  S.  P.    Piperis.   Rosae   Gallicae,   Sennae,    Sulphuns, 

B.P. 

10  Species. 

National  Formulary: 
Species   pcctoralcs:    contains    Aithjca,    Tussiiago,    Glycyrrhiza,    Ants*. 
Mullein,  Orris.    Infusion  made  i  :  to.    I>ose,  teacup. 

(D)  Acid  Flavors. 

These  are  amon^  the  most  useful  for  disguising  an  unplca^ant  tasi 
They  also  aid  in  dissolving  such  substances  as  alkaloids,  and  assist  the 
absorption  of  liquids. 

A  larger  amount  of  cold  water  can  be  taken  and  disposed  of  when 
it  is  used  in  tlie  form  of  lemonade  or  as  soda-water  —  i.  i*.,  water  sat- 
urated with  COa.  The  latter  acid  and  organic  acids,  especially  citric, 
are  (he  most  useful.  The  mineral  acids  should  not  be  employed,  since 
they  are  liable  to  cause  gastritis  if  their  use  is  continued.  Carbonic  acid 
is  useful  especially  for  the  administration  of  salts,  and  is  most  con- 
veniently used  in  the  form  of  granular  effervescent  salts.  Citric  acid 
is  used  in  the  proportion  of  2  grains  to  the  ounce  (0.4  :  too),  or  it 
may  be  employed  in  the  form  of  Syrupus  Acidi  Citrici  (1%,  flavored 
with  lemon  1. 

Tartaric  acid  may  be  used  in  tlie  same  proportion. 

<G)   Miscellaneous  Flavors  belonging  to  Other  Groups. 

I.  Caffcin  Ptavnrs. —  Tlicsc  arc  discus-icd  in  Chapter  VIII   (B). 

a.  Alcohol  Flavors. —  Discussed   in  Chapter  XIX   (B). 

3.  Bitter  flavors. —  These  are  especially  agreeable  to  men  and  disagree- 
able to  women  and  children.  The  active  part  arc  alkaloids,  glu- 
casids.  or  dther  unclassified  "bitter  principles."  They  arc  most 
often  given  for  their  physiologic  effect  and  will  receive  more  ex- 
tended notice  in  Chapter  XXX  (A).  .As  flavors,  thry  are  best 
combined  with  strong  aromatics  (Tinctura  Gentianx  Composita). 
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PART  11. 

PHARMACOLOGY,  THERAPEUTICS,  AND 
MATERIA   MEDICA. 

CHAPTER  VII. 

INTRODUCTION  TO  PHARMACODYNAMICS.' 


From  ihc  definitions  in  the  openinK  chapter  ii  will  be  seen  that  the 
lerin  '*  phannacology,"  in  its  hn»a<lest  interpretation,  covers  a  very  wide 
fitld  —  coextensive  with  all  medical,  and  indeed  with  all  natural  science. 
In  practice,  the  science  of  pharmacology  cannot,  of  course,  enter  in 
detail  into  all  the  suhjects  with  which  it  is  more  or  le^is  closely  related; 
lhe*«  are  taught  separately,  forming  a  preparation  for,  or  application 
of,  the  subject  of  pharmacology  proper.  The  relations  off  pharma- 
c<rfog;>*,  however,  shonid  be  kept  in  view.  Its  connection  with  other 
sciences  is  indeed  ver>'  intimate.  This  may  be  seen,  firstly,  in  its 
nrihods.  which  are  only  modifications  of  those  employed  in  other  re- 
search. For  its  intelligent  study  it  requires  as  a  preliminary  a  knowl- 
«<lKr  <y(  the  anatomy,  histology,  chemistry,  and  physiology  of  the  living 
l>"ly,  normal  and  as  altered  by  disease,  as  well  as  of  tlic  chcmic 
«trocture  of  the  modifying  substances  (medicines). 

It  15  related  in  particular  to  chemistry,  in  that  it  deals  with  chemic 
swbsiances;  in  that  the  composition  of  these  often  gives  valuable  clues 
*o  ihcir  actions;  and,  further,  in  that  all  pharmacologic  actions  rest  on 
a  chemic  basis;  they  are,  in  fact,  reactions  between  the  reagent  and 
Ibc  living  protoplasm. 

,  It  1?  related  to  physiology,  and  through  it  to  histology  and  anatomy. 
*n  that  it  studies  the  modifications  produced  in  physiologic  processes 
»nd  structures  by  pharmacologic  reagenU. 
,Jt.  is  related  to  pathology  and  ciittifal  medicine,  since  its  utilitarian 
^^  i»  to  reduce  pathologic  processes  to  the  physiologic,  Unless  the 
''•rrncr  are  well  understood,  it  is,  of  course,  impossible  to  apply  a  ra- 
^lotial  remedy. 

^^  the  other  hand,  pharmacologv,  treated   simply  as  a  biologic  sci- 

*^*^*.  Ills  pivcn   valuable   aid   to  all   of  these  branches.     It   has  aided 

'***'*>cinf.   m    that    it   alone    made    rational    therapeutics    a   possibility; 

P'*'*olo(nr,   in    throwing    light    upon    pathologic   processes.    <nch    as.    for 

w»ta«.*    -'if*   infectious  diseases.     It  is   a   frequent   aid   in   phyitioloftic 

1.  poisons  serving  to  stimulate  or  paralyze  structures  in.nc- 

e  *calDel  or  electrodes.     It  has  also  been  used  in  histology: 

f  alropin  is  one  of  the  most  ready  methods  of  difTerentiat- 

Mriped  and   unstripcd  muscles.     In   chemistry   phannaco- 

has  even  been  used  to  aid  in  the  determination  of  doubtful 

.tl  forninlas. 
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It  has  in  recent  years  been  shown  that  many  processes  of  the  normal 
and  pathologic  organism  arc  dependent  upon  what  arc  strictly  phar- 
macologic actions.  We  need  only  mention  animal  extracts,  toxins, 
antitoxins,  coma  diabcticum.  etc. ;  and  the  end  of  this  tendency  has  not 
yet  been  reached. 

It  is,  of  course,  impossible  lo  avoid  a  certain  amount  of  overlapping 
of  these  sciences,  but  in  view  of  the  importance  of  the  subjects,  it 
will  be  no  disadvantage  to  have  them  presented  from  several  points  of 
view. 

In  the  strict  limits  of  the  definition,  pharmacology  is  only  one  branch 
of  biology.  It  treats  simply  of  a  number  of  scientific  facts  without 
occupying  itself  with  the  practical  deductions  which  may  be  drawn 
from  these.  The  effects  of  the  rarest  chemical  upon  the  rarest  fonn 
of  fern  are  as  important  to  it  as  is  the  action  of  digitalis  in  cardiac 
disease.  But  since  wc  will  not  study  it  as  an  abstract  science,  but  as 
a  part  of  mcdictnc,  wc  shall  lay  stress  principally  upon  its  practical 
application.  It  is  none  the  less  impossible  to  give  a  good  knowledge 
of  the  subject,  even  from  a  practical  standpoint,  without  taking  up 
some  substances  which  arc  not  of  present  importance,  either  as  medi- 
cines or  as  poisons,  for  the  list  of  these  is  constantly  changing.  Just 
as  every  physician  ha**  his  own  materia  medica,  so  has  every  country, 
every  generation,  every  year. 

It  must  also  be  remembered  that  this  book  is  intended  for  study  as 
much  as  for  reference,  and,  consequently,  such  effects  as  are  obtained 
from  a  large  number  of  drugs  are  studied  more  particularly  on  those 
drugs  in  which  the  action  is  most  characteristic,  even  if  tnese  drugs 
should  not  be  so  widely  known. 

The  study  of  a  large  science,  like  the  present,  may  be  undertaken  by 
studying  first  the  general  principles  which  it  invoh-es;  and  then  ap- 
plying these  to  details;  or  the  details  may  be  mastered  first  and  made 
the  basis  for  the  deduction  of  the  principles.  Either  method  has  its 
advantages  and  drawbacks.  The  proper  way  would  seem  to  be  to 
carry  on  the  two  at  once.  The  present  chapter  will  give  some  of  the 
general  principles,  which  apply  lo  evcrv  drug.  The  student  must  not 
expect  that  he  will  understand  these  fully  at  the  first  reading;  their 
full  meaning  will  come  to  him  only  as  he  proceeds  further  in  his 
studies.  Until  tlien,  they  may  seem  to  him  dry  and  uninteresting  de- 
tails. However,  the  more  faithfully  he  works  his  way  through  the 
beginnings  of  the  subject,  the  richer  will  be  his  reward  in  the  end. 
the  belter  his  understanding  of  the  facts,  theories,  and  applications  of 
pharmacology. 

The  Katurc  of  Pharmacologic  Action —  The  living  cell  may 
be  considered  as  a  very  complex  laboratory,  where  chemic 
decompositions  and  syntheses,  reductions  and  oxidations, 
etc..  are  constantly  going  on.  These  clieniic  changes  lead  to 
trans fonnations  of  energy  which  find  tlieir  final  expression 
in  the  phenomena  of  life.  The  vital  manifestations  of  the 
cell  are  therefore  inseparably  connected  with  physico-chemic 
transformations,  which  require  for  their  occurrence  the  ex- 
istence of  certain  chemic  and  physical  conditions.  The 
chemic  essentials  are:  the  presence  of  substances  capable 
of  liberating  energy,  and  the  conditions  suitable  for  their 
reactions,  such  as  a  proper  temperature,  alkalinity,  presence 
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of  ferments,  etc.  The  physical  coiKlitioiis  of  life  are:  A 
viscid  medium,  containing  colloid  protei<ls,  salts,  fats,  and 
water.  It  is  evident  that  phaniiacolugic  agents  must  act 
by  mo(h*fying^  the  cheniic  composition  <^^  the  physical  prop- 
erties, of  the  cells;  tlicir  action  must  be  physical  or  chemic. 

The  physical  effects  consist  principally  in  solidification,  prccipita- 
lion,  or  solution  of  cell  constitncnts.  The  most  important  effect  is  on 
the  protcid,  and  is  produced  by  the  metals,  acids,  or  alkalies  (fonna- 
tion  of  albuminates);  by  the  coal-tar  products,  alcohol,  neutral  salts, 
ot  water  (dehydration  or  hydration):  by  the  electric  charges  borne 
by  ions,  etc.;  as  also  by  strictly  physical  conditions,  such  as  heat,  light, 
tkaricity,  etc.  Solution  or  removal  of  the  fatty  constituents  of  cells 
'cfpccially  cholesterin  and  lecithin)  also  introduces  important  physical 
changes  by  altering  the  pe^me.^bility  of  the  cell  and  the  agRrcgation 
ti(  its  colloids;  on  this  rests  the  action  of  alcohol  and  the  general 
ancfitlietics  of  sapotoxin,  and  possibly  of  some  toxins ;  a  further  action 
which  is  largely  physical  is  the  irritant  effect  produced  by  the  intro- 
dnrtioTi  of  foreign  molecules  into  the  cell.  These  must  be  conceived 
«!  acting  as  "molecular  foreign  bodies,"  disturbing  the  norma!  mechan- 
ism of  the  cell,  even  if  they  do  not  enter  into  any  chemic  reactions.  It 
i*  often  very  difficult  to  draw  a  sharp  line  between  these  various 
iifiysic^I  action,  and  those  which  depend  more  strictly  upon  chemic 
changes,  a^  there  is  a  very  intimate  interrelation.  The  real  insight 
"ito  the  chemic  actions  of  pharmacologic  agents  is  extremely  difficult, 
licfiituc  we  are  not  sufficiently  well  acquainted  with  the  chemic  siruc- 
lutf  ftt  protoplasm  to  conceive  the  nature  of  its  reactions,  From  the 
hcI  that  metalmlism  occurs,  we  deduce  that  chemic  reactions  occur, 
*nd  ibcic  must  be  capable  of  modification  by  chemic  reagents.  From 
thf  com|i!icaled  structure  of  the  proleid  molecules  we  conclude  that 
Jl  mu-it  be  capable  of  a  very  great  number  of  reactions,  a  conclusion 
^hich  is  confirmed  by  the  large  number  of  stihstances  which  are  util- 
ised b)*  the  cell.  We  find  an  expression  of  these  chemic  changes  in 
■lie  final  excretory  products  of  the  cell;  but  we  are  very  ignorant 
M  the  reaction  by  which  these  final  changes  arc  produced.  When  we 
y.  thrreforc.  that  a  chemic  siihsianre  pos^e'sscs  actions  for  which 
f™T*  is  no  ade(|uatc  physical  explanation,  we  presume  that  it  enters 
"I'o  rfictnic  reactions  with  the  protoplasm.  In  tbe  simplest  cases  the 
'<ttons  occur  on  dead  tissues,  and  resemble  those  produced  on  suh- 
«»Tic«  of  known  composition;  this  is  the  case  with  acids,  alkalies, 
J^'ih.  etc.  In  other  instances,  analogous  actions  ^re  produced  on 
'^TTTitm?;  but  in  many  cases,  particularly  with  alkaloids,  glucosids, 
"'1  loxins.  the  action  is  confined  to  living  cells,  and  for  these  we 
'TiB  Rtnerally  furnish  no  explanation.  The  fact  that  these  poisons  are 
altered  in  the  body,  and  that  their  effects  increase  with  their  dose, 
^dcrs  ii  very  probable,  however,  that  their  action  is  also  chemic.  In 
tlif  ease  of  toxins  this  is  confirmed  by  their  chemic  neutralization  by 
Wtiioxins.  The  chemic  combination  is  often  very  loose  and  unstable, 
**  *ho*-n  by  the  rapid  recovery  of  small  aquatic  animals  when  they 
jr«  Temnvcd  from  the  poison  to  pure  water.  A  strong  evidence  in 
»vor  of  a  chemic  action  is  the: 

Dependance  of  the  Fharmacolo^c  Action  on  the  Chemic  Con- 
rtilation. —  As  a  general  rule,  drugs  having  a  similar  cnn- 
^litmiun,  possess  similar  actions;  and  definite  changes  in 
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the  molecule  —  as  in  homologous  series,  or  the  introduction 
of  new  groups  —  produce  definite  modifications  in  the  pha^ 
macologic  effects.  ■ 

This  liependeiice  of  tlie  action  on  the  chemic  structure 
has  been  estahhslied  in  a  sufficient  number  of  cases  to  give 
it  the  dignity  of  a  general  law.  As  with  most  biologic 
laws,  however,  there  are  numerous  apparent  exceptions 
the  general  rule. 
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These  apparent  exceptions  may  very  often  be  attributed  to 
iterance  of  the  true  chemic  structure  of  the  poisons  and  of 
protoplasm,  for  as  our  knowledge  of  chemistry  increases,  these  excep- 
tions tend  to  disappear.  It  mu5t  be  remembered,  for  instance,  that 
the  action  is  not  mj  nmch  determined  by  tlie  elementary  composition 
f)f  the  substance,  but  rather  by  the  manner  in  which  the  elements  are 
combined.  Isomeric  compounds  have  often  very  different  actions. 
Apparent  exceptions  result  also  from  the  different  penetrability 
Cells  to  substances  which,  could  they  be  introduced  into  tlie  cell,  w< 
cause  very  similar  effects. 

The  molecule  of  a  poison  often  contains  a  number  of  groups 
aton»s,  which  have  different  actions.  The  recognition  of  which  of 
these  groups  is  the  bearer  of  a  given  action  is  often  of  very  great 
practical  importance,  for  it  enables  the  chemist  to  modify  the  molecule 
fio  as  to  give  it  the  muximum  of  the  desired  therapeutic  action,  and 
at  the  same  time  to  remove  undesirable  side-actions.  This  has  led  to 
the  introduction  of  a  numbfr  of  synthetic  remedies  which  are 
perior  to  natural  drugs.  Illustrations  of  these  will  be  found  in 
groups  of  hydrocarbon  narcotics,  antipyretics,  antiseptics,  etc. 

The  Functional  Manifestations  of  Pharmacologic  Actio] 
Protoplasm  has.  broadly  si>eaking^,  essentially  the  sat 
structure,  chemistry  and  functions,  wherever  it  may 
found.  Considerable  differences  exist,  for  instance  between 
a  nerve  cell  and  a  gland  cell;  btit  these  differences  sa| 
mainly  quantitative,  and  due  to  the  specialization  of  tn§ 
cell.  Since  protoplasm  is  essentially  identical  in  all  cells, 
the  action  of  phannacologic  agents  must  also  l>e  essentially 
the  same  in  all  situations;  but  just  as  quantitative  diff< 
cnccs  exist  in  the  cell,  so  does  the  pharmacologic  acti< 
show  quantitative  differences  and  selective  properties, 
these  we  shall  have  more  to  say  presently. 

Phannacologic  agents  can  in  no  case  create  new  func- 
tions in  a  cell  or  tissue:  they  can  only  modify  existit^ 
functions,  or  at  most  make  evident  fimctions  which  hafl 
previously  l^een  latent.  As  a  general  rule,  the  most  con- 
spicuous changes  occur  in  the  most  conspicuous  function 
of  the  cell  —  partly  because  these  are  the  most  readily  ap- 
preciated, but  partly  also  because  specialized  functions 
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the  most  complex  and  hence  the  most  sensitive.  The  func- 
tions of  a  cell  may  be  increased  or  diminished,  resulting  in 
stitnuJation  or  dcf^rcssiou.  Since  there  are  also  structures 
the  stimulation  of  which  would  lead  to  an  inhibition  of  other 
structures,  an  actual  increase  of  function  is  sometimes  dis- 
tinguished as  an  excitation}  A  very  violent  stimulation 
passes  usually  into  injury;  such  injurious  stimulation  is 
called  irritation.  Moderate,  but  prolonged,  stimulation 
also  i>asses  into  depression,  either  by  the  disappearance  of 
foo<l  substances  {cxiMtistion),  or  by  actual  injury  to  the 
structure  (fatigue).  If  the  depression  is  so  great  that  the 
given  function  has  disapi)carcd.  the  condition  is  called  par- 
aiysis:  if  all  the  functions  are  abolislied.  there  is  death. 

The  greater  numl>er  of  pharmacologic  agents  produce  at 
first  a  stimulation,  which  is  followed  in  larger  doses  by  a 
depression.  In  this  respect  the  differences  between  the  dif- 
ferent poisons  are  again  mainly  quantitative. 

The  so-called  '*  stimulants  *'  produce  a  ver\'  strong  and 
prolonged  stimulation,  the  depression  being  produced  only 
by  relatively  large  doses.  The  "  depressants/'  on  the  other 
hand,  cause  only  a  slight  stimulation,  which  passes  readily 
intn  depression.  Indeed,  with  a  few  depressants,  no  stimu- 
laii'di  whatever  can  \k  made  out.  It  is  ver)'  rare  that  a 
tlepression  precedes  a  stimulation ;  when  this  occurs,  the 
action  is  presumably  on  different  structures. 

Selective  Action.— It  has  been  stated  that  the  action  of  practically 
all  .!riL',  lonfists  of  a  stimulation  followed  by  a  depression;  and  that 
J'*  1'^   arc   exerted  on  every  structure   and   on   everj'   function. 

•I  concluded  from  this  that  there  must  be  a  very  great  simi- 

^»'»«y  ill  \\tc  effects  of  all  drng^.  and  this  is  true  if  the  actions  arc 
lHo«-oughIy  analyzed.  The  differences  which  exist  arc  in  details  rather 
"•ari  ia  principle,  but  they  are  none  the  les?  important.  Indeed,  these 
"Kii  Mdual  peculiarities  arc  of  immensely  greater  importance  in  the 
P'"-*«^i«  of  nvdicine  ih.in  the  underlying  similarity.  The  differences 
*''<^  anribuiablc  to  the  drug,  to  the  cell,  or  to  the  interaction  of  differ- 
♦"■^     function*.     They  may  involve  a  immbcr  of  mechanisms: 

Ca)  Set^clrt^r  /Ibsorption. —  A  dnig  may  act  upon  a  cell  without 
*f*^*^Iy  penetrating  into  it :  for  instance,  by  exciting  the  nerves  sup- 
^-  ••^C  ^hc  cell,  or  more  directly,  by  withdrawing  water  from  the 
'!^'  but  as  a  genera!   rule,  the  poison  must  he  absorbed   into 

^^''  fore  if  can  produce  any  action.     In  order  thai  this  absorp- 

^'*  ftui  lake  place,  the  drug  must  be  either  volatile,  or  it  must  be 
*^*^il>lr  in  the  crll  content**,  and  particularly  in  the  cell  envelope.  The 
•^■Ulitjuy  of  a  substance  in  protoplasm  i«  not  necessarily  the  same 
**    *n  wtter.     Indeed,  it  varies  for  each  kind  of  cell,  and  consequently 

„^^  Pw  liMUficr  flimuUtion   of  tlic  vaaiu   would  lead  10  an   txtitafUin  of  tkte 
'^'•.  Hill  to  »  st^ttnulalioti,  but  inhibition  of  ibe  heart. 
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the  penetrability  of  different  cells  for  a  given  substance  may  vary 
greatly.  Whilst  the  renal  cells,  for  instance,  are  ver\'  permeable  for 
sulphates,  the  intestinal  cells  are  as  good  as  impermeable.  It  is  in 
vinue  of  this  peculiarity  that  cells  are  capable  of  preserving  their  own 
composition,  notwithstanding  considerable  changes  in  the  fluids  in 
which  then  are  bathed.  This  fact  also  explains  why  a  given  sub- 
stance acts  much  more  strongly  upon  one  cell  than  upon  another. 

(b)  Effect  of  Concentration. —  The  amount  of  a  drug  absorbed  into 
a  cell  varies  generally  with  the  concentration  of  the  drug  in  the  sur- 
rounding fluid.  This  concentration  is  greatest  at  the  place  where  the 
poison  enters  and  leaves  the  body,  i.  c.  in  the  alimentary  canal,  liver. 
and  kidneys.  The  influence  of  concentration  is  most  readily  seen  with 
locally  acting  drugs.  It  appears,  however,  that  with  many  poi*ons 
the  effect  is  not  strictly  proportional  to  the  concentration ;  for  in- 
stance, increasing  doses  may  produce  very  little  effect  up  to  a  given 
point;  when  this  is  exceeded,  very  severe  actions  follow.  This  is  due 
to  the  other  factors  entering  into  selective  action,  such  as  disintoxica- 
tion, habituation,  exhaustion,  fatigue,  etc. 

(c)  The  poison  may  act  only  on  certain  constituents,  which  arc 
present  in  different  amounts  m  the  various  tissues.  /'.  i.,  ether, 
which  acts  by  dissolving  fatty  substances,  has  therefore  Ihc  greatest 
action  on  nerve  tissue,  in  which  fat  is  must  abundant. 

(d)  The  p<jison  may  only  unite  tt.'ith  certain  side  chains  of  the  pro- 
topla*.mic  molecule,  which  are  not  present  in  every  cell.  This  explains 
the  selective  action  of  toxins.  The  production  of  specific  precipitins 
and  cytotoxins  is  a  strong  proof  of  the  individual  chemic  peculiarity 
of  each  class  of  cells. 

(c)  Certain  cells  possess  the  f^otcer  of  rendering  the  f*oisoH  harm- 
less, either  by  producing  antitoxins,  or  by  altering  the  chemical  nature 
of  the  poison  (as  by  oxidation  or  reduction),  or  by  rapidly  excreting 
the  poison,  or  possibly  by  producing  substances  with  an  antagonistic 
action.  This  process  of  disintoxication  is  of  very  great  practical  im- 
portance. It  makes  it  nccessarv-  to  administer  the  drugs  continuously, 
in  order  to  maintain  their  effect;  it  often  requires  the  use  o^  con- 
tinuously increasing  doses  as  the  power  of  disintoxication  becomes 
more  developed;  and  were  it  not  for  the  power  of  the  body  to  destroy 
or  remove  poisons,  and  thereby  to  recover  from  their  action,  all  thera- 
peutic use  of  drugs  would  be  impossible. 

if)  Certain  cells  appear  to  possess  the  power  of  storing  the  foison, 
i.  e.,  of  absorbing  it  more  readily  than  it  is  excreted.  This  explains 
the  selective  action  of  certain  metals.  (Intra  vitam  methylcn  blue 
staining  is  a  conspicuous  example  of  this  selective  .storage;  but  many 
others  could  be  given.) 

(g)  Some  drugs  are  themselves  innocuous,  but  give  rise  to  toxic 
decomposition  products.  They  will  act  selectively  on  those  tissues 
where  the  conditions  for  the  decomposition  ;ire  favorable.  F.  i*..  iodid<t 
are  decompttsed  in  the  presence  of  acids  with  the  liberation  of  the  irri- 
tant iodin. 

(h)  The  cause  of  selective  action  lies  often  in  the  cells  themselves, 
the  more  delicate  functions  being  damaged  mnre  readily.  Hence  a 
poison  which  acts  indifferently  on  all  tissues  produces  always  the  most 
conspicuous  effect  on  the  central  nervous  >ystcm. 

(i)  Certain  cells  also  accommodate  themselves  more  readily  to  al- 
tcrctl  conditions. 
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Pharmacologic  Classification  of  Drugs. —  The  selective  ac- 
tion of  drugs  permits  a  system  uf  clnssllication :    Poisons 
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which  alter  all  tissues,  and  which  therefore  produce  effects 
at  the  place  where  they  are  applied,  are  termed  ''  locally- 
acting  "  drugs.  They  may  pnxhice  similar  chemic  changes 
in  dead  tissues.  These  usually  cause  inflammation  when 
applied  to  living  tissues,  and  are  then  called  irritants  (in- 
cluding" simple  irritants,  corrosives,  and  astringents).  Oth- 
er* !es?^n  inflammation  mechanically  i  emollients  and  de- 
mulcents).    Others  act  chemically  on  all  living  structures. 


A  J^yejU/r 
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AA. —  tHaicrun    lo    iUottrate    pcuibic    (>oini»    of    attack    of    mtncle-nervr 
The    (»rokm    line    indicate*    the    atle-renl    tnccliattlani;    the    »u1id    line,    the 

witlinnt  changmg  dead  tissues:  these  are  termed  ''  proto- 
plcx^svnc  poisons/' 

F*«»iv»ns    wliich   act   selectively  on   a   few   structures  are 

mallei]  "  Mu»cle»Nerve   Poisons."     They   may   affect   end- 

^'"S^ns  (sensory  endings,  gland  cells,   or  striped,   smooth 

cardiac  muscle);  or  the  nerve-endings;  or  ganglia:  or 

part  of  the  central  nervous  system,     f  Ner\^e-fibrcs  are 

^  «*e$istani  that  they  are  only  affected  when  the  poison  is 

iW^kd  to  them  directly.) 
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Variations  in  Symptom*. —  The  selective  action  of  drugs  is  rarely 
absolute;  even  str>'chnin,  a  highly  selective  poison,  acts  as  a  general 
protoplasmic  poison  when  it  is  directly  applied  in  stifficient  concentra- 
tion. However,  some  one  action  often  predominates  so  greatly  over 
the  others,  that  it  may  be  considered  as  characteristic  for  tlie  drug- 
Even  in  this  case,  the  poison  as  a  nile  acts  selectively  on  several 
structures.  This  accounLs  for  the  great  variability  which  is  often 
seen  in  the  action  of  the  same  drug  under  different  conditions.  Thus, 
alrupin  stimulates  the  vagus  center,  but  paralyzes  the  endings:  it  may 
therefore  cause  either  a  quickening  or  a  slowing  of  the  pulse.  .Again, 
through  the  opposed  action  of  small  and  large  doses,  strychnin,  e.  g-, 
may  cause  either  a  stimulation  or  a  paralysis  of  the  vasomotor  center. 
Another  frequent  cause  of  variable  actions  lies  in  the  indirect  action* 
of  a  drug.  A  drug  which  causes  convulsions  will  thereby  tend  to 
stimulate  the  vasomotor  center,  although  its  direct  action  on  this  center 
may  be  depressant 

Drugs  which  act  upon  the  vasomotor  center  arc  particularly  apt  to 
give  rise  to  indirect  effects,  ^.  i'.,  on  the  central  nervous  system,  which 
are  apt  to  be  mistaken  for  direct  action.  This  is  well  illusiraled  by 
the  systemic  action  of  metals.  These  variable  actions  and  interactions 
make  the  effects  of  many  poisons  appear  very  complicated,  although 
they  prove  quite  simple  on  analysis.  This  analysis  is  very  important 
for  a  proper  understanding  of  the  action,  but  it  is  still  more  important 
to  remember  the  complex  effects  which  result,  for  it  is  with  these 
that  the  practicing  physician  has  to  deal.  Vcr>'  often  the  pharma- 
cologic action  in  this  sense  is  not  the  therapeutic  action.  A  very  im- 
portant pharmacologic  action  of  morphin,  for  instance,  is  a  stimula- 
tion of  the  spinal  cord;  but  no  one  would  think  of  employing  the 
drug  therapentically  for  this  purpose,  since  this  action  is  entirely  over- 
shadowed by  its  other  effects.  For  this  reason  it  wonld  not  be  a 
good  plan  to  classify  the  drugs  strictly  according  to  their  pharma- 
cologic actions.  On  the  other  hand,  a  therapeutic  classification,  al- 
though useful  in  some  respects,  is  noi  favorable  to  a  study  of  the 
underlying  actions  of  the  drugs,  and  tends  to  empiricism.  ThV  best 
principle  of  classification  yet  devised  is  that  of  Buchhcim.'  according 
to  which  drugs  are  grouped  according  to  their  principal  pharmacologic 
characters,  taking  account  of  all  the  important  actions,  ns  well  as  of 
the  cheniic  properties,"  and  in  many  cases  also  of  the  therapeutic 
uses  of  the  drugs.  In  this  classification  the  actions  of  one 
group  shade  off  into  those  of  the  next,  the  system  resembling  some- 
what that  of  the  natural  s)strm  of  orders  used  in  botany  or 
xoology.  This  is  the  general  plan  which,  with-  minor  modifications  of 
detail,  has  been  adopted  in  this  volume,  the  pharmacologic  classifica- 
tion  beittg.supplcmentcd  by  therapeutic  summaries.  With  this  arrange- 
ment, it  makes  very  little  difference  with  which  group  the  study  of 
pharmacology  is  begun.  If  the  student  is  well  grounded  in  physiology 
and  pathology,  it  is  well  to  begin  at  once  with  the  muscIe-ncrvc 
poisons;  otherwi>c  it  will  be  found  best  to  begin  with  the  locally 
acting  drugs  (Chapter  XXVlIIl. 

Definitions  of  Pharmacologic  Terms —  Some  rather  loosely 
used  Pharmacol o^e^ic  terms  may  be  defined  in  this  place,  in 

'  Burhhetm  may  be  consiMercd  thf  founder  of  moflcrfi  ph&rmacolory,  by  the 
citabtiKhnicnt   nf   the    fimt    pharmacologic    laboratory,    31    EVirpat    in    185A. 

'  DruB'i  «>f  vrry  different  chcmic  character  often  appear  to  have  identical 
aetiona-  Thu*  the  action  nf  atrychnin  rc»crnhle»  that  of  tetanus  toxin,  artenic 
that  of  cholera,  barium  that  of  dieitali^.  In  some  cases  the  action  may  be 
mppoaed  to  be  really  identical,  but  in  others  the  resemblance  is  merely  aupcf- 
fidal. 
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the  sense   in   which   they  are  generally  employed   in   this 
volume : 

Local  actiofis:  produced  at  the  place  where  the  drug  is 
applied :  Remote  actions:  occurring  in  distant  parts  of  the 
b<xly  (may  be  either  systemic  or  Indirect)  ;  Systemic  effects 
(sometimes  called  general  action)  :  produced  after  the  ab- 
sorption of  the  drug  into  the  circulation:  Direct  effects 
(  somethiies  called  primary)  :  produced  by  the  ilirect  action 
of  the  drug  on  the  tissue  concerned :  Indirect  effects  { some- 
times called  secondary),  are  not  produced  by  the  action  of 
the  dnig  on  the  tissue  concerned,  but  by  the  intervention  of 
some  other  structures  on  which  the  drug  acts  (  e.  g.,  asphyx- 
ia! convulsions  are  an  indirect  effect  of  asphyxiant  poisons)  ; 
RcfJtx  effects  are  indirect  actions  arising  from  local  irrita- 
tion: Immediiite  effects  (also  sometimes  called  primary)  are 
the  effects  resulting  at  once;  Late  effects  are  those  occurring 
later:  if  they  are  preceded  by  other  ( iinmediate)  actions, 
they  are  properly  called  secomiory  actions.  Side  actions 
are  actions  which  are  not  desired  in  the  therapeutic  use  of 
ibc  drug. 

Method  of  Pharmacolojck  InvestlzBtlon. —  The  cfTect<;  of  drugs 
(I'l  p3iient5.  or  in  cases  of  poisoninR,  arc  by  far  tno  complex  to  fumish 
Mr  r^t!    mviphi    jpto   the  actions   which   are   involved.     To  attain   the 
icology  —  the   explanation   of   the   action   of   drn^  — 
•^  '*    In  simplify  the  conditions  as  much  as  possible,  and 

^  niake  the  functions,  which  are  to  be  studied,  accessible  to  measure- 
ment. jtnH  if  feasible,  to  graphic  representation.  The  methods  of  ex- 
^^  physiology  are  employed   for  this   purpose. 

,  '  .'v   t^f  Isolated  Structures, —  To   eliminate   the   complications 

■  from  a  simultaneous  action  on  several   structurc?i  or  from 

ins.  the  tis,%iir5   to  be   stiitlied  are  generallv  isolated-     This 
tv    l*e    accomplished    by    employing    unicellular    organisms 
jf   '  1   on   unHifferejitiatcd   protoplasm   is   to  he  investigated;  or 

rf  the  tissue   (as  muscle,  etc.)   from  the  body:  or  by  apply- 

"**  i.'  to  the  exposed  tissue   (*•.  g.,  to  a  sympathetic  ganglion); 

^    '  ifig  the  connection   with  other  tisftnes  which   might  be  af- 

~^*^«J  va>  by  section  of  a  nerve);  or  by  paralyzing  these  structures 
"T  ••p^ropriatr  poisons:  or  by  restricting  the  action  of  a  drug  to  a 
'*^'^p  part.  '  J  off  the  circulation.     In  some  cases  it  suffices  to 

^**J**iTie  the  n  to  the  structure  to  be  studied. 

Or...  .-   .,,,    ,.,,,,    lucrhod  of  i*:olation  may   be  employed.  accorHing 
2  .aces;    lliat   giving   reliable   results   with    /A.'   least   difficuUy 

•*  '►cing  naturally   preferred.     Complete    isolation    is   in   many 

"=   ^titirrfluous.     If  the  question  is.  for  instance,  whether  an  ohfierved 
■tiUtlon  is  on  a  central  or  on  a  peripheral   structure,  it  suffices 
nerve:  on  an  efferent  chain,  this  will  abolish  the  effects 
*■'  I   stimulation,  whilst  xho^e  of  a  peripheral  stimulation   will 

^^-''-L  With  an  afferent  chain  the  conditions  would  be  reversed. 
*^T, nuking  sections  at  various  levels  of  the  chain,  the  location  of  the 
*^>on  nay  \>t  accurately  determined.     When  the  structures  to  be  in» 
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vrstigated  are  inaccessible  to  the  scalpel,  one  may  substitute  drugs 
which  are  known  to  paralyze  these  structures  selectively.  ^ Chloral 
for  vasomotor  center;  quinin  fur  nniscle ;  curare  for  the  endings  in 
striped  muscle;  nicotin  for  ganglia:  atropin  for  endings  of  the  \'agi 
or  sympathetic^  etc.)  The  site  of  a.  paralysU  is  similarly  located  by 
successive  stimulation.  The  stimulation  is  accomplished  by  clectriaiy 
or  by  appropriate  drugs  {e.  g.,  physostigmin  for  muscle  and  for  sym- 
pathetic endings ;  small  doses  of  nicotin  for  ganglia ;  luuscarin  for 
vagus  endings:  pilocarpin  for  glands,  etc.). 
A  few  examples  will  make  this  general  method  clear: 

1.  Sttycfmht.^ —  It  is  noted  that  strychnin  produces  a  tetanus.  Thi<; 
implies  a  motor  stimulation  somewhere.  The  sciatic  nerve  is  cut;  it 
is  found  that  the  convulsions  disappear  in  the  leg  but  persist  in  the 
rest  of  the  body.  The  action  must  therefore  be  central.  The  cere- 
brum and  medulla  are  successively  excised;  the  convulsions  persist, 
and  must,  by  exclusion,  be  located  in  tlic  cord.  This  is  confirmed  by 
destroying  the  cord,  which  causes  the  complete  disappearance  of  the 
tetanus, 

2.  Curan\' —  This  produces  a  complete  muscular  paralysis.  Stimu- 
lation of  the  sciatic  elicits  no  response.  The  paralysis  must  there- 
fore be  peripheral.  Direct  stimulation  of  the  muscle  is  effective. 
This  excludes  all  the  possible  structures  e.xcept  the  nerve  tnmk  and 
endings.  The  nerve  of  another  preparation  is  laid  into  the  curare 
solution,  and  after  a  time,  is  stimulated;  a  contraction  results,  so  that 
the  nerve  trunk  is  not  paralyzed.  The  action  must  therefore  be  on 
the  endings. 

3.  If  a  peripheral  structure  is  stimulated  or  paralyzed,  it  is  impos- 
sible to  decide  by  this  mctliod  whether  there  is  not  also  a  central 
action,  for  the  peripheral  effects  would  obscure  the  central.  A  stimu- 
lation of  the  cord,  for  instance,  could  cause  no  effect  if  the  drug  had 
paralyzed  the  motor  endings.  In  these  instances,  it  is  necessary  to 
confine  the  action  of  the  drugs  to  the  centers,  which  requires  a  more 
complicated  tcchnic. 

The  Study  of  the  Effects  of  Drugs  on  Intact  Normal  Ant- 
mals. —  A  complete  conception  of  the  act  inns  of  a  drug  can  only 
be  obtained  by  supplementing  the  study  of  its  effects  on  isolated 
structures,  by  careful  observation  and  analysis  of  the  symptoms  which 
it  produces  in  intact  mammals.  The  effects  on  metabolism,  and  the 
histologic  lesions,  etc..  can  only  be  studied  in  this  manner.  Indeed, 
those  experiments  are  often  undertaken  before  the  more  diflUcull  in- 
vestigations on  isolated  structures:  for  they  furnish  vahiable  hints  of 
the  direction  which  the  latter  should  take.  When  circum<;tances  per- 
mit, it  is  advisable  to  proceed  from  the  lower  to  the  higher  classes 
of  animals,  and  finally  to  man.  Opportunities  for  observing  Ihe  effects 
of  drugs  on  man  are  frequent  in  ca<es  of  poisoning,  and  should  not 
be  neglected;  but  intentional  experiments  with  drugs  on  man  are  to 
be  undertaken  only  with  the  greatest  caution,  with  doses  which  do  not 
exceed  the  therapeutic  maxima ;  and.  as  a  rule,  only  after  the  effects 
have  been  thoroughly  studied  on  animals. 

The  Effect  of  Drugs  in  Disease. —  The  action  of  drug?  is  not  al- 
ways the  same  in  disease  as  in  health.  The  differences  are,  however, 
as  a  rule  quantitative  rather  than  qualitative.  Since  the  drugs  arc  in 
practice  employed  most  extensively  in  disease,  their  action  in  these 
conditions  is  of  the  greatest  importance.  As  a  general  rule,  it  is  pos- 
sible to  explain,  and  even  tn  predict,  the  action  of  drugs  in  disease 
from   their  action  on   normal   tissues.     However,  the  actual   test  roust 

I  Excrcl«  3B. 
-  F.xerciiir  43. 


VALUE   OF    PHARMACOLOGY. 


J2S 


always  be  made.  Animal  experiments  are  of  but  limited  value  in  this 
connection,  and  we  are  forced  to  rely  mainly  on  observations  on  pa- 
tienti.  To  make  these  of  any  value  it  is  in  the  first  place  necessary 
that  the  observations  be  made  very  accurately  and  that  all  psychic 
factors  be  excluded :  it  is  further  necessary  that  the  existing  patholog- 
ical condition  be  correctly  known.  These  requirements  are  unfortunate- 
ly nut  falfilied  in  many  cases,  which  accounU  in  part  fur  the  differ- 
ences which  are  occasionally  noted  between  the  clinical  and  the  ex* 
pcrimcnta!  data.     These  exceptions'  will  he  di.scusscd  in  the  text. 

In  the  case  of  all  the  older  drugs,  clinical  tests  have  been  made  so 
abundantly  that  further  observations  would  seem  superfluous.  This 
is  by  no  means  the  case.  Accurate  observations  in  the  light  of  our 
advancing  knowledge,  and  employing  the  improved  methods  of  diag- 
nosis and  obset^ation.  are  always  needed. 

It  is  also  highly  desirable  that  every  physician  should  obtain  his 
knowledge  of  the  therapeutic  action  of  drugs  at  first  hand.  lie 
should  utilise  every  case  under  his  care  for  this  purpose,  and  con- 
duct his  treatment  as  if  it  were  a  critical  experiment,  the  interests 
of  the  patient  being,  of  course,  paramount.  The  conclusions  will' be 
grcAtly  simplified  if  but  one  drug  is  used  at  a  time. 

Chcmic  Investigations. —  Since  the  action  of  drugs  depends  so 
largely  upon  their  chrmic  constitution^  the  latter  is  a  legitimate  subject 
of  pIiarmacoIoRic  inquir>'  The  study  of  the  fjt^  of  the  drug  in  the 
body,  of  the  mechanism  of  its  absorption,  excretion,  and  storage,  is 
also  indispensable.  These  involve  the  method  of  quantitative  chemic 
analysis. 

The  Practical  Value  of  Pharmacology —  The  utilitarian  aim 
of  pharmacology  is  to  supply  the  science  of  medicine  with 
a  rational  and  scientific  basis  for  the  practice  of  therapeutics 
and  for  the  study  of  toxicology.     It  was  shown  in  the  pre- 
ceding section  that  these  objects  can  only  l>e  attained  by 
experimentation   on   lower   animals.     This   brings  up   the 
fundamental  question:   To  wfwt  extent  can  results  observed 
on  animals  be  transferred  to  manf     The  prejudices  in  re- 
gard to  this  question  —  which  concerns  all  fields  of  med- 
ical research  —  liave  fortunately  disappeared  almost  com- 
pletely.    It  is  now  conceded  that  a  similar  physiology  im- 
put's' a  similar  patlwlogy  and  pharmacology.     In  the  great 
majority  of  cases,    similar   stnictures   are  affected    in  the 
ame  way  by  a  given  drug,  no  matter  in  what  animal  they 
arc  studied. 


Racial  PecttliarHie*.'— Where  differences  exist,  these  can  usually 
"*  explained  by  diffnences  in  the  physiologic  functions.  For  in- 
*■!>«;  the  cerebral  actions  are  usually  the  more  pronounced,  the 
*^w*  hi8l}ly  the  central  nervous  system  is  developed ;  whereas  spinal 
*J*>oi»  predominate  in  the  lower  vertebrates.  Rivlcnts  arc  incapable 
Jf^^oroiiing  and  arc  therefore  not  affected  by  emetics.  Atropin 
'"■^Riw  the  heart  of  the  dog,  but  not  that  of  the  rabbit,  because  it 
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acts  by  paralyzing  the  vagus,  which  is  not  tonically  active  in  the 
rabbit. 

There  are  still  a  number  of  diflferenccs  which  can  not  yet  be  ex- 
plained on  a  f*hysiologic  basis,  as  f.  i.  the  tolerance  of  rabbits,  etc., 
to  the  toxic  effect  of  alropin.  These  must  be  referred  to  our  igno- 
rance of  the  physiologic  differences  which  are  involved.  The  differ- 
ences in  animals,  physiologic  and  unexplained,  are  now  generally 
recognized  so  that  snilable  species  can  be  chosen  for  experimentation. 
They  can  furthermore  be  eliminated  by  using  the  drug  on  several 
species:  //  a  given  foiscn  affects  alt  species  alike,  it  may  be  con- 
cluded that  its  action  oh  man  is  also  the  same.  If  it  produces  differ- 
ent effects,  but  if  these  can  be  explained  by  differences  in  physiology. 
Ihc  effects  on  man  will  be  similar  to  those  produced  on  the  species 
the  physiology  of  which  resembles  most  closely  that  of  man. 

It  will  be  seen  that  great  care  must  be  used  in  applying  the  results 
of  experiment;il  pharmacology  to  man.  The  neglect  of  this  precau- 
tion, the  drawing  of  far-reaching  conclusions  from  a  few  limited  ex- 
periments, threw  discredit  on  pharmacology  in  its  earlier  days,  and 
is  sliU  seen  all  too  frequently.  Pharmacology  cannot  be  held  re- 
sponsible for  this  misapplication  of  its  data  by  half-trained  enthusiasts. 
Its  scone  is  renlly  limited  to  its  own  results  and  not  to  their  applica- 
tion, although  it  may  legitimately  suggest  the  latter.  It  should  not 
be  made  to  replace  the  science  of  therapeutics,  but  should  only  aim 
to  place  well  studied  tools  in  the  hands  nf  the  latter.  If  this  limita- 
tion is  realized ;  if  the  therapeutist  will  carefully  study  the  results 
of  pharmacology  and  will  utilize  and  interpret  them  in  the  light  of 
bedside  experience,  then  pharmacology  will  be  of  very  great  value  to 
medicine. 

One  ver>'  important  service  is  rendered  by  pharmacologj'  through 
tJ)e  examination  of  new  remedies.  The  development  of  synthetic 
chemistr>'  especially  has  resulted  in  the  discovery  of  a  very  large 
number  of  new  substances  of  some  therapeutic  value.  The  number 
is  indeed  so  large,  that  all  could  not  be  given  a  thorough  trial  on 
patients.  Most  of  these  substances  possess  some  value,  but  many  differ 
from  each  other  by  very  insignificant  details.  In  this  case,  pharma- 
cology can  select  Uie  most  promi.sing  drugs  of  a  type,  and  ty  their 
thorough  study,  indicate  those  which  are  worthy  of  trial  by  the 
clinician. 

CONDITIONS  AFFECTING  THE  ACTION  OF  DRUGS. 

The  effects  of  a  given  drug^  or  poison  are  not  always 
unifonn,  but  vary  with  conditions;  such  as  the  dose:  the 
absorption  and  elimination;  the  method  and  time  of  admin- 
istration ;  the  simultaneous  presence  of  other  substances; 
the  age,  sex  and  race  of  the  patient;  the  existence  of  dis- 
ease, etc..  etc.  A  knowledge  of  these  variations  is  very 
important. 

Dosage.— Drugs  are  administered  to  produce  a  desired  eff'ect.  and 
the  doiic  must  be  sufficient  for  this  purpose,  and  neither  too  small, 
nor  too  large  Since  the  effect  is  influenced  by  numerous  conditions, 
it  is  impossible  to  state  the  exact  doses  for  any  drug;  experience  is 
the  only  safe  guide.  However,  the  doses  var>-  under  ordinary  con- 
ditions  only   within   rather   narrow   limits,  and   lie  near  the  "  ottrage 
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doses*'  given  in  this  book.  The  U.  S.  P.  also  states  the  average  dosca. 
The  "maximum  dose"  signifies  ihe  largest  dose  which  can  be  safely 
used  in  ordinary  cases:  the  "minimum  dose"  is  the  smallest  dose 
which  produces  therapeutic  effects ;  a  "  toxic  dose "  is  one  which 
produces  dangerous  effects;  the  "just  fatal  dose"  is  that  which  is 
iust  sufficient  to  cause  death:  the  "physiologic  dose"  (a  rather  in- 
definite term),  is  used  in  physiologic  experiments  on  animals. 

Daily  Dose. —  The  single  doscs  are  usually  calculated  on  the  as- 
sumption that  sufficient  time  is  allowed  to  elapse  between  the  doses, 
for  the  greater  part  of  the  drug;  to  be  excreted.  This  constitutes  a 
ptnodic  mcutcation.  The  exact  time  varies  of  course  with  the  nature 
of  the  drug,  but  in  most  cases  the  drug  is  administered  three  or  four 
litnes  a  day;  so  that  the  daiiy  dose  is  about  three  or  four  times  the 
single  dose.  If  a  continuous  action  is  desired,  correspondingly  smaller 
doscs  are  given  at  shorter  intervals. 

The  doscs  ordinarily  stated  in  text-books  apply  only  to  adults  of 
average  size,  and  to  oral  administration. 

Effect  of  Weight.— Other  things  being  equal,  the  effect  of  a 
given  dose  is  inversely  proportional  to  the  weight  of  the  individual 
(exclusive  of  the  adipose  tissue).  It  is  rarely  necessary  to  make 
aflc'wance  for  the  weight  in  adults  (20  to  60  years),  but  it  may  be  used 
for  calculating  the  doscs  for  children. 

Calculation  of  Doses  for  Children. —  Tn  most  cases,  the  adult 
do^  is  reduced  in  simple  proportion  to  the  weight  of  the  child  — 
either  by  direct  calculatirm.  or  by  the  use  of  empiric  rules  based  on 
averages,  as  dtscrilwd  below.  The  dosage  so  obtained  is  generally 
ftsfificiently  exact.  It  is  inadmissible  only  with  extremely  young  chil- 
dren; and  with  drugs  the  action  of  which  is  influenced  specifically 
by    age. 

Osr1c*s  Rule,—  Multiply  the  adult  dose  with  the  weight  of  the 
child  (in  pounds),  and  divide  by  150  (the  weight  of  the  average 
»d\ilt).    TIii«  rule  gives  the  most  exact  results. 

Young*s  Rule.—  Multiply  the  adult  dose  with  the  age  of  the  child 
(in  jtarst,  and  divide  by  the  age  plus   12, 

Cowling's  Rule.— Multiply  the  adult  dose  with  the  age  of  the  child 
*i  the  next   birthday,  and  divide  by  24. 

(For  example,  by  Young's  rule,  the  dose  for  a  child  of  three  years 

would  be  V>»^H  the  adult;  by  Cowling's  rule,  it  would  be  V:^^V«-) 

The  dose    for   aged   people   is   generally   tak^n    as    somewhat   less 

t*i«!  that  for  adults.     Above  fio  years,  the   latter  is   reduced   to  ^  or 

^i'.Wi]  in  extreme  senility,  to  Vj, 

Specific  Influence  of  Age  on  Drug-Action,— These  (»'.  r.  apart 
^  the  difference  due  to  weight)  are  only  known  definitely  for  a 
*^w  drug^,  ahhough  young  individuals  are  quite  generally  more  sensi- 
ti^  to  dnigs  than  adults.  Children  are  especially  susceptible  to 
'nC'T>hin  and  nicotin,  and  comparatively  tolerant  to  strychnin.  Old 
»?**  K  alio  less  resistant  to  drugs;  purgatives  and  emetics  are  espc- 
cttliy  debilitating.  The  frequent  existence  of  atheroma  makes  it  dan- 
Pwos  to  use  drngs  which  raise  the  blood  pressure,  directly  or  indi- 
rectly, 

Mitence  of  Sex. —  Women  usually  require  somewhat  smaller  doses 
^ty  men  Pi  to  4^).  The  greater  susceptibility  is  in  large  part  due 
If*  tbe  lesser  weight,  but  in  part  also  to  the  anatomic  and  functional 
PWiliarilies.  The  influences  of  sex  are  of  course  most  pronounced 
»Ttli  drugs  which  act  on  the  generative  organs.  Pregnancy  also 
inodifie*  the  action  of  drugs,  and  contraindicates  the  use  of  irritant 
faflyrtics  (because  of  the  danger  of  inducing  abortion)  and  of  irri- 
taiit  diuretics  (on  account  of  the  tendency  to  nephritis),  etc. 
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The  temperature  has  a  marked  cflFect  in  coM-blooded  animals; 
veratrin,  nicoiin,  strychnin,  tetanus  toxin,  chloral,  and  alcohol,  for 
instance  arc  rendered  more  active,  morphin  and  curare,  less  active, 
by  raising  the  temperature.  An  indication  of  this  influence  in  man  is 
seen  in  the  modification  of  the  action  of  antipyretics  by  fever  (In 
mammals,  couling  generally  increases  the  fatal  effect  by  adding  its 
direct  depressant  action.) 

Pathologic  conditions  must  also  be  taken  into  accoimt.  Thc5C 
may  lessen  absorption  (diarrhea)  or  increase  it  (corrosion);  they  may 
hasten  the  destruction  of  the  poison  (alcohol  produces  less  intoxica- 
tion in  fever)  ;  or  they  may  alter  the  effects  entirely  (the  amipyretics 
reduce  the  temperature  in  hyperpyrexia,  but  do  not  effect  it  when 
it  is  normal;  mercury  produces  peculiar  effects  in  syphilis;  digitalis 
is  an  efficient  diuretic  in  cardiac  disease,  but  not  In  Itealth;  it  affects 
the  normal  cardiac  muscle,  but  has  little  action  on  a  fatty  heart,  etc.). 
These  modifications  are  readily  explained  by  the  functional  or  ana- 
tomic changes  of  disease. 

Synerjcism  and  Antagonism. —  The  effect  of  drugs  is  similarly 
influenced  by  unusual  conditions  induced  by  the  simultaneous  admin- 
istration or  presence  of  other  drugs.  The  effect  will  be  greater,  and 
the  dose  should  be  smaller,  if  another  similarly  acting  drug  is  being 
given.  In  some  instances  the  simultaneous  effect  of  several  drugs  is 
greater,  or  more  desirable,  than  could  be  secured  by  the  action  of  one 
drug  alone,  even  were  it  given  in  increased  doses.  This  phenomenon, 
which  is  called  "synergistic  action,"  has  not  been  sufficiently  investi- 
gated experimentally,  although  it  is  of  frequent  occurrence,  and  of 
great  importance.  In  some  cases  it  is  due  to  the  summation  of  useful 
actions,  whilst  undesirable  side  actions  arc  neutralized.  The  drugs 
must  be  present  in  certain  proportions,  else  the  effect  may  pa^s  into 
antagonism. 

In  other  cases,  new  actions  are  devjsloped  by  the  reaaion  of  the 
drugs  on  each  other,  with  the  production  of  new  compounds.  For 
instance,  the  presence  of  acids  renders  the  basic  salts  of  bismuth  solu- 
ble and  toxic;  it  liberates  iodin  from  iodids;  the  iodids  also  decom- 
pose calomel  and  render  it  irritant 

On  the  other  hand,  drugs  may  oppose  each  other,  L  e.,  have  an  "  tM' 
tagonistic  action." *•  This  constitutes  "  therapeutic  iHcompatibility." 
The  antagonism  may  be  due  to  opposite  actions,  to  chemic  neutnilira- 
tions  or  to  interference  with  absorption,  or  to  increased  excretion 
(for  instance,  the  chlorids  increase  the  elimination  of  iodids  and  bro- 
mids,  and  thereby  lessen  the  action). 

The  time  of  administration  also  influences  the  action  of  drugs. 
Hypnotics  and  Cathartics,  for  instance,  are  most  effective  when  their 
action  coincides  with  tlie  natural  time  of  sleep  and  defecation,  and 
if  the  external  conditions  are  favorable.  Stomachics  arc  best  given 
shortly  before  meals.  Drugs  which  are  to  be  absorbed  rapidly  are 
given  on  an  empty  stomach,  whereas  irritants  are  administered  just 
after  meals,  when  the  stomach  is  protected  by  food ;  etc. 

The  preparation  of  the  drug  is  also  important*  Extraneous  mat- 
ter delays  absorption,  so  that  the  isolated  active  constituents  (alka* 
loids.  etc.)  are  preferred  if  a  quick  systemic  action  is  desired,  whiUt 
the  galenic  preparations  (extracts,  tinctures,  pills,  etc.)  are  used  for 
local  effect.  In  case  a  crude  drug  contains  several  active  ingredients, 
the  employment  of  the  isolated  constituents  will  give  more  certain 
results 

Absorption.'--  The  time  reqtiired  for  the  absorption  into  the  body 

*  Excrciie   a?. 
■  Exerci»e  24. 
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cells  varies  from  a  few  seconds  (c.  g.,  hydrocyanic  acid), 
to  several  weeks  {c.  g..  lead).  The  rapidily  of  ahsorption  depends 
upon  the  nature  of  the  drug,  the  place  of  administration,  and  a  num- 
ber of  accea&ory  factors.  It  is  generally  proportional  to  it>  solubility 
i«  protoplasm  or  to  its  volatility.  It  must  be  remembered  that  the 
solubility  in  water  is  not  always  an  index  of  the  .solubility  in  proteid 
Containing  fluids,  and  particularly  in  protoplasm.  The  solubility  may 
also  lie  modified  in  the  alimentary  canal.  The  rapidity  of  absorption 
IS  aisi.»  proportional  lo  the  rapidity  of  the  cirailatton  in  the  absorbing 
surface;  it  may  also  be  hastened  (especially  from  subcutaneous  injec- 
tion) hy  increasing  the  lymph-flow  through  tnodcratc  distention  and 
through  massage  It  is  also  hastened  by  increasing  the  absorbing 
surface  if.  g..  by  making  multiple  hypodermic  iujeclions).  It  is  fur- 
ther hastened  (esiiecially  with  hypodermic  injcctious)  by  increasing 
the  eoneentfoiion  of  the  drug.  Decrease  of  the  circulation  (deficient 
he^r-  -1.  ton.  venous  stasis,  vasoconstriction)  delays  the  rapidity  of 
il  In  the  alimentan-  canal,  injury  to  the  absorbing  cell  may 

cr>  itatc   or   hinder    ahsorj)tion:    astringents  tend    lo   have   the 

latter  rtlcct.  corrosives  and  simple  irritants  the  former.    The  presence 
of  oil.  gtrmi,  or  rxtractifes  lessens  absorption  by  hindering  the  access 
of  the  drug   to   the  absorbiug  surface.'    The  presence  of  food   in   the 
ilimcntary   canal   has   a  similar  action.     On   the  intact   skin,   however, 
-'1      '    ''     Mils   facilitate  the  alisorplion   of  other  substances  dissolved 
-ohol  has  a  similar  fa\orable  effect  in  the  stomach. 
,  ^.unnel  by  which  drugs  are  absorbed  into  the   bodv   depends 
I'ly    on    the   place   of  administration,     .\bsorption   of   (frug5   may 
''^""1  ihc  alimeul3r>'  canal  or  from  other  mucous  surfaces;  from 
^   tissue  or  serous  cavities:   from  the  alveoli  of  the  hmgs 
volatile  substances)  ;  a  limited  number  of  substances  may 
^  irbed  from  the  intact  skin.    The  influence  of  the  place  of 

I'.n   will   be  discussed  later. 
must   not    he    forgotten   that  a   drug,   after   it   has   been   absorbed 
the  circulation,  needs  still  10  penetrate  into  the  cells.    This  intra- 
*  -orptiori   depends   upon   tlw   nature   of   the  poison    (selective 
.  and  to  >omc  degree  on  its  concentration.     As  a  rule,  it  is 
'    "'•occ-'s:    Masnin    (1903 "I    found    the    time   which    elapses 
doses  disappear  practically  completely  from  the  blood, 
•  inieclion,  to  be  for  Arsenic,  V"  to  30  seconds;  Tetanin, 
Cj'anids.   2   to  6   minutes;    Diphtheria  toxin,  4   minutes; 
■^  -cveral  hours, 

'^■Xcrclion.' — This  occurs  through  the  urine,  feces,  expired  air, 
'*^At.  and  through  all  ihc  secretions.  It  is  proportional  to  the  cir- 
**^timi  and  l<^  the  functional  activity  of  the  cxcreton,'  organs,  and 
'?•>'  br  increased  by  the  factors  which  stimulate  these.  The  excre- 
Jy  of  certain  drugs  appears  to  be  limited  by  their  existing  in  the 
r^'y  in  the  form  of  combinations.  The  elimination  of  these  is  favored 
*T  «iiif»»Trjr,ccs  which  displace  them  from  the  compounds.  This  is 
I""  '  •!   explanation  of  the  increased  excretion  of  iodids  on  the 

}'''  'in  of  c^Ilo^ids.  and  possibly  of  the  favorable  effect  of  iodids 

"^linmic   poisoning   hy  metals. 

te  of  the  Poisofi.— The  majority  of  poisons  are  more  or  less 

►he  t>ody.   and   rendered  less   harmful.    This   is  effected   by 

'H,    reduction,   or  decomposition   of  the  poison,   or   by   the 

gr  r,i   the   poivion   In  certain  organs,   or  by   its   combination   with 
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'***^^    «ub<lancc<(   which   render  it   harmless.     A   few   examples  of  the 
*'^^oni#mx  of  disintoxicaiion  may  prove  interesting: 
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Strychnin  and  many  other  poisons  are  partly  oxidi/ed  in  the  body, 
and  the  toxic  effect  is  therefore  reduced  if  the  poisoned  animal  is 
placed  in  an  atmosphere  of  oxygen.  Caffein  is  said  to  be  more  toxic 
to  animals  deprived  of  thyroids,  which  might  be  explained  by  the 
lesser  oxidation  following  the  removal  of  these  glands.  Rcid  Hunt 
(1905)  has  shown  that  feeding  with  thyroid  markedly  diminished  the 
toxicity  of  acetonilril.  The  action  of  some  poisons,  particularly 
the  toxins,  is  destroyed  by  the  chemic  action  of  the  gastric  juice. 
Morphin  is  also  largely  destroyed  somewhere  within  the  body,  espe- 
cially ill  individuals  accustomed  to  its  use.  The  benzol-ring  is  very 
resistant,  most  of  the  changes  occurring  in  the  side-chains.  The  liver 
is  very  active  in  disintoxication,  partly  by  destroying,  but  particularly 
by  storing  poisons,  so  that  the  same  dose  is  much  less  eflFectivc  (per- 
haps one-half)  when  Riven  by  the  mesenteric,  than  by  the  jugular  vein. 
This  has  been  demonstrated'  for  curare,  strychnin,  morphin,  cocain, 
veratrin,  quinin,  atropin.  and  the  metals.  (Mercury  is  stored  mainly 
as  a  rather  l^x^se  globulin  compound,  arsenic  as  a  stable  nuclein 
combination,  Dc  Vamossy,  IQ05. )  Splenectomy  increases  the  toxic 
action  of  a  number  nf  alkaloids,  but  not  of  all.  The  spleen 
also  participates  in  the  deposition  of  metals ;  the  bones  retain  fluorin 
and  barium:  the  central  nervous  system  strychnin,  lead,  and  arsenic; 
etc.  The  phagocytes  also  accumulate  poisons,  dissolved  as  well  a 
solids.  Carbolic  acid  and  other  aromatic  compounds  arc  rendered  less 
toxic  by  combining  with  sulphates;  many  metals  by  the  protcids; 
toxins  by  antitoxins;  acids  by  alkalies;  camphor,  chloral,  and 
ethereal  oils  by  glycuronic  acid :  cyanids  by  sulphur ;  benzoic  and 
salicylic  acid  by  glycocoll;  etc.  The  extent  of  ihe  disintoxication  will 
depend  upon  the  activity  of  the  metabolic  process  which  are  con- 
cerned, or  on  the  amount  of  neutralizing  substance  present  in  the 
body. 

Idiosyncrasy. —  This  term  (from  tSias,  one's  own,  and  rtfnc^ra, 
a  blending)  is  applied  to  peculiar,  exceptional  reactions  to  the  effects 
of  drugs.  The  differences  are  generally  quantitative,  and  may  con- 
cern the  main  action,  or  the  side  actions.  They  may  be  inherent  in 
the  remedy,  or  may  1)C  due  to  extraneous  causes,  or  they  may  be  re- 
ferred to  the  constitution  of  the  patient.  In  the  latter  case,  they 
may  be  due  to  anatomic  or  to  functional  pectiliaritics.  They  may  be  con- 
genital or  acquired,  temporary  or  permanent.  (Many  apparent  in- 
stances of  idiosyncrasy  are  doubtless  due  to  differences  in  the  strength 
or  constituents  of  drugs.) 

Idiosyncrasy  in  Animals. — Racial  idiosyncrasy  was  already  dis- 
cussed on  page  125:  but  in  animals,  as  well  as  in  man.  peculiarities 
exist  in  different  individuals  of  the  same  species.  QuolitaUfr  diff^r- 
enifs  are  seen  particularly  in  the  action  of  Cannabis  on  dogs  (Exer- 
cise 24). 

Instances  of  quantitative  differences  are  very  numerous: 

In  a  large  series  of  experiments  with  toxic  doses  of  drugs  oa 
animals  the  author  has  found  that  there  is  a  fair  degree  of  uniformity 
in  the  proportion  of  animals  which  died  with  a  given  dose.  Thus»- 
certain  limits  can  be  found  inside  of  which,  out  oJ  five  animals  three- 
will  always  die.  These  limits  vary  from  0.5%  (strychnin)  to  25%^ 
(ergot),  but  are  usually  comprised  within  from  5%  to  to%.  J 

On  the  other  hand,  the  susceptibility  of  any  one  anima!  is  subjecflfl 
to  greater  possible  variations;  e.  g..  with  a  given  preparation  of  digt— * 
talis,  0.6  mg.  per  gram   will  always  kill  three  guinea-pigs  out  of  five  — 

*  ExprrimcntA  im  dny*  with  Erk's  6stu1a  rrnder  it  rather  doubtful  wbcihe*^ 
the  liver  ilJMntnsicAirf.  alknlnjtt*  much  more  actively  than  other  tissues.  (Rotb'^ 
bcrger    and    Winterbcrg,    igos-) 
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'  But  in  a  large  scries  of  experiments,  a  number  of  animals  will  be 
found  which  will  die  of  doses  as  small  as  0.4  mg.,  while  other<;  will 
die  only  when  0.9  mg.  is  reached.  Whether  these  comparatively  im- 
mune animals  always  enjoy  this  immunity,  or  whether  the  condition 
is  only  temporary,  as  well  as  the  influence  of  age,  sex,  etc.,  has  not 
been  determined. 

These  individual  differences  are  still  more  striking  if,  instead  of  ob- 
serving the  toxic  doses, —  1.  r,  the  sum  total  of  the  effects, —  we  di- 
rect our  attention  upon  some  one  particular  action,  e.  g ,  the  amount 
of  slowing  of  the  heart  or  the  variation  of  blood  pressure.  The  differ- 
ences in  this  respect  are  so  great  qualitatively  that  it  is  undoubtedly 
unsafe  to  draw  conclusions  from  a  single  experiment,  and  it  is 
absolutely  impossible  in  these  cases  to  establish  any  quantitative 
standard. 

Increased  Susceptibility. —  This  may  be  due  to  very  rapid  absorp- 
tion, or  slow  elimination:  to  the  presence  or  synergistic  agents  in  the 
body;  or  to  increased  functional  susceptibility. 

Cimialatiye  Action. —  By  this  is  meant  an  acquired  sus- 
ceptibility by  which  a  given  close  will  pnxluce  greater 
effects  than  it  did  originally.  This  may  be  brought  about 
in  several  ways:  by  greater  capacity  for  absorptitm  than 
excretion  (lead);  by  inconstant  absorption,  where  succes- 
sive doses  of  the  dmg  may  lie  unabsorbed  in  the  alimentary 
canal,  to  be  finally  taken  into  the  system  in  iottt  when  tlie 
conditions  are  favorable  to  absorption.  This  is  freiiiiently 
the  cause  of  the  cumtilative  action  of  dii;ita!is,  and  it  ex- 
plains the  fact  that  the  greatest  individnal  variabihty  to 
toxic  doses  exists  precisely  for  those  drugs  which  are  ab- 
sorbed with  the  greatest  difficulty. 

Cumulative  action  may  also  arise  through  summation  of 
effects.  The  effect  of  the  jireceding  dose  may  not  have 
tlisappeared  when  the  succeeding  dose  is  given.  The  sys- 
tem appears  also  to  be  subject  to  what  might  be  called  an 
''location  "  to  the  effects  of  the  drug.  This  is  seen  par- 
ticularly in  drugs  acting  upfjn  t!ie  central  nervous  system. 
'*  is  found,  e.  g.,  that  the  susceptibility  to  strychnin  in- 
creases with  its  administration,  and  it  would  seem  that  this 
I*  caused  by  the  central  nervous  system  becoming  educated 
^^  the  stimulating  actions  and  responding  to  them  more 
readily. 

Another  cause  af  cumulative  action  is  the  lowering  of  the 
resisting  power  produced  by  the  preceding  doses,  or  by 
using  up  the  products  required  for  the  neutralization  of  the 
poisfm. 

Tolertnce. —  This  may  be  due  to  non-absorption,  to  rapid  elimina- 
^oi\.  m  the  neutralization  or  destruction  of  the  pnison.  nr  to  anatomic 
P**Tilianties.     Many   cases   cannot    be    explained    in    this    manner,   and 
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mtist  be  assumed  to  be  functional  (the  "  histogenetic "  immunity  of 
Bciiring).  To  this  class  belongs  the  tolerance  of  the  hedgehog  lo 
many  poisons;  of  the  load  to  digitalis;  of  the  chicken  to  caniharidin, 
etc. 

Ttie  tolerance  Is  rarely  absolute,  so  lliat  it  is  scarcely  correct  to 
speak  of  "  immunity." 

Habituation. —  Tolerance  may  be  congenita!,  or  it  may  he  devel- 
oped by  the  repeated  administration  of  the  poison.  This  habituation 
may  be  functional  (alcohol,  caff  em.  nicotin?)  ;  or  it  may  be  due  to 
increased  destruction  of  the  poison  (morphin)  ;  or  to  the  production 
of  antibodies  (toxins). 

It  is  an  interesting  fact  that  functional  habituation,  when  acquired 
for  a  particular  drug,  may  bold  also  for  otbtT  drugs  having  a  similar 
action.  A  habitual  drnnkard,  *'.  g.,  h  resistant  to  the  general  anesthet- 
ics. Whether  this  extended  immnniiy  also  holds  true  of  otlicr  allied 
drugs,  such  as  morphin  and  cannabis  indica,  has  not  been  deter- 
mined. 

Impurities  In  Drugs. —  Qualitative  abnormalities  in  the  effects  of 
drugs  arc  usually  due  to  the  exaggeration  of  a  side-actiott:  luit  in  some 
cases  they  may  be  referred  to  the  presence  of  impurities.  It  is  rather 
doubtful,  however,  whether  these  impurities  have  the  importance  whicli 
is  often  assigned  to  them.  Whilst  it  is  undoubtedly  desirable  that 
drugs  should  be  as  pure  as  it  is  practical  lo  make  them,  minimal 
amounts  of  foreign  substances  cannot  be  said  to  be  very  objection- 
able, unless  they  are  particularly  poisonous.  The  phannacopfcias  have 
taken  a  wise  stand  in  this  matter  by  permitting  the  (presence  of  small 
amounts  of  btich  impurities  which  it  wuuld  be  very  difficult  and  costly 
lo  remove. 

Methods  of  Admiaisteringr  Drugs — The  channel  by  which 
a  drug  is  iutrtMlnccd  intu  the  lx»dy,  <>r  the  place  to  which 
it  is  applied,  tnusl  vary  with  the  object  to  be  secured  — 
wheilicr  tlie  actit^n  is  to  be  local  or  systemic;  the  desiretl 
rapidity  of  absorption;  the  necessity  of  avoiding  irritation 
of  certain  organs,  etc. 

Local  Administration. —  Drugs  may  be  used  locally  either 
to  protect  a  surface,  or  for  reflex  effect,  or  as  aiuiseplics, 
or  as  stimulants.  They  may  be  applied  to  the  skin  in  vari- 
ous vehicles:  If  it  is  desired  to  secure  the  absorption  of  the 
remedy  or  its  deep  penetration,  vegetable  or  anima!  oil  must 
be  used,  preferably  adeps  lan^e  hydrosus  (lanolin).  Oleic 
acid  presents  the  advantage  that  it  holds  certain  substances 
in  true  solution  (metallic  oxids  and  alkaloids).  Where  the 
local  effect  alone  is  recpiired.  the  mineral  fats  (petrolatum 
or  vaselin)  may  1^  employed.  The  remedy  may  also  be 
placed  in  aqueous  solutions  (  washes).  es(>ecially  if  intende<l 
for  an  antiseptic;  or  it  can  l>e  used  in  powder  form.  Caus- 
tics may  be  used  either  as  solids  or  liquids.  Counter-irri- 
tants are  used  as  liniments,  i.  r.,  dissolved  in  oil,  turpentine, 
or  alcohol. 
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Local  medication  may  be  used  also  on  other  surfaces 
than  the  skin,  if  they  are  accessible;  c.  g,,  mucous  mem- 
branes. They  are  usually  applied  as  aqueous  solutions 
(injections,  washes,  and  gargles). 

Local  application  to  the  skin  can  he  used  for  producing 
general  eflFects.  but  it  is  only  employed  in  those  cases  (mer- 
cury-) where  the  stomach  has  to  be  avoided  and  sub- 
cutane*>us  administration  is  not  possible.  The  principal 
objection  to  the  administration  of  drugs  by  the  surface  of 
the  skin  consists  in  the  uncertain  absorption,  an  exact 
dosage  l>eing  in  consequence  impossible. 

Watery  tvluHons  arc  not  absorbed  from  tbe  skin,  nnlcss  the  dmg 
»  volatile  or  caustic.  The  reason  for  this  non-absorption  lies  in  the 
fact  that  the  stratum  comcum  of  the  epidermis  is  absolutely  non- 
permeable  to  solutions.  Absorption  must  take  place  through  the 
glandular  structures  of  the  skin,  and  these  are  filled  with  fatty  matter, 
*rbich  prevents  lite  penetration  of  watery  solution*,  but  not,  of  course, 
of  other  fats. 

It  must  be  borne  in  mind  that  the  application  of  solutions 
fo  open  wounds  or  abraded  surfaces  is  practically  the  same 
as  subcutaneous  injection,  and  absorption  ocairs  in  this 
ca.se  very  readily. 

Oral  Administration. —  This,  the  most  ancient  method. 
is     still  the  stantlard  one.     Its  advantage  lies  in  its  great 
oonvenicnce  and  in  the  absence  of  local  irritation.     Never- 
th^lcM.  certain  drugs  do  give  rise  to  disturbances  of  diges- 
tion. 

Tlii»  r^n  W  avoided  by  giving  them  in  such  a  fotTn  that  ihcy  will 

^    "  ■  il  in  the  stomach    f pills),  or  by  giving  them  at  a  time 

I  ich   is  filled    with    food.     Absorption   is,  of  course,  de- 

I*.'  '  ■■■  \\\  u;isr    c:iVS. 

^h«  fWdfftv  rile  of  the  stomach  and  intestine  in  absorption  varies 
(ot  t1i(lcr-nt  drugs  and  animals.  Strychnin,  c.  jg..  is  absorbed  fn^m 
tbe  nrmiAcIi  with  dogs  and  cats,  but  not  with  r.ibbits  and  guinea  pigs; 
•afttis  todium  salicylate  and  iodid  give  just  the  opposite  result. 
tw>J'e  and   Kashiwado    O905)    have   shown    that    atropin   and   rhubarb 

YJ  o^i  Absorbed    fiom    the*  dog's    stomach,    whilst    salol    is    absorltrd. 

*^'  iUt4  as  to  man  arc  insufficient. 

^^fftfJ  AJniinistrotion. —  The  stomach  and  siuall  intestine 
"'^y  l>c  avoided  by  giving  the  drugs  per  rectum,  either  in 
"^*  frirm  of  enema  or  suppositories. 

^mwia.  when  introduced  for  the  absorption  of  the  medicin*. 
"^<1  be  as  small  as  possible,  but  not  so  strong  as  to  produce  local 
r''"^'''  effects.  One  or  two  ounces  is  usually  the  proper  quantity. 
'  '  per  fcctnm  is  generally  double  that  by  the  stomach.     When 

'^■■■.-mijt  ire  employed  for  their  mechanical  effects,  ibe  amount  must,  of 


i34 


INTRODUCTION    TO    PHARMACODYNAMICS.     CH.    VII. 


course,  be  much  greater  —  one  or  two  pints.    These  should  be  raised 
to  the  body-tcmpcraturc. 

The  rectal  dose  may  approach  verj'  closely  to  the  subcutaneous, 
especially  with  very  active  poisons. 

Subcutaneous  or  Hypodermic  Administration. —  This 
method,  uhich  was  introduced  by  A.  \V.  Wood  in  1855,  has 
the  advantage  of  behio^  quicker  and  more  certain  in  its  ef- 
fects, and  the  <losage  is  more  exact  than  can  be  secured  by 
any  other  method.  Tiie  principal  objection  to  it  lies  in  the 
fact  that  while  it  is  not  very  painful  with  some  medicines,  it 
is  very  much  so  with  any  irritating  substance.  There  is  also 
a  tendency  to  abscess  formatinii.  This  is  frequently  due 
to  deficient  asepsis,  but  certain  substances  (protoplasmic 
poisons)  produce  abscess  formation  even  with  the  most 
rigorous  asepsis.  The  hypodermic  df)S€  is  abjut  one-half 
of  the  oral  dose. 

Hypodermic  injections  are  usually  made  under  the  skin  of  the  fore- 
arm.  For  very  bulky  injections,  c.  g..  for  antitoxin  or  for  saline  solu- 
tion, the  loose  areolar  tissue  of  the  subscapular  or  niammar>'  region 
is  chosen. 

It  may  be  recalled  that  the  rapidity  of  ahsorfitiott  from  hypodermic 
injeclir)ns  may  be  hastened  by  massage,  by  distributing  the  injection 
over  several  places,  and  by  dissolving  the  drug  in  a  small  amount  of 
fluid.  The  concentration  in  salts  should  not  exceed  that  of  the  blood, 
or  the  injection  will  be  painful.  Normal  sahnc  solution  is  the  least 
irritant  solvent  for  alkaloids.  Subcutaneous  injection  is  naturally  in- 
admissible if  local  effects  in  other  parts  of  the  liody  are  desired  {t^.g., 
for   stomachics,  cathartics,   locally  acting  emetics,  etc.). 

Intramuscular  injections  are  made  hy  thrusting  the  needle  through 
the  skin  deep  into  the  substance  of  the  gluteal  muscles.  The  abson*- 
tion  is  more  rapid  than  with  subcutaneous  administration  (Meltaer 
and  Aucr,  1904),  and  the  irritation  and  tendency  to  abscess  formation 
are  less. 

Intraperitoneal  and  intrapleural  injections  are  used  in  experimental 
technic.  and  resemble  subcutaneous  injections,  the  drug  being  ab- 
sorbed more  rapidb'-  Intraperitoneal  injections  in  man  have  been  made 
by  Schmidt  and  Meyer  (1905),  but  are  not  recommended. 

Injections  into  the  trachea  are  very  rapidly  absorbed  through  Ihe 
alveolar  capillaries,  and  act  more  like  intravenous  injection*.  They 
also  cause  asphyxia,  and  are  not  used  intentionally.  Tracheal  sprays 
are  used  for  local  eflFects. 

Intraarachnoid  injections  are  used  if  the  drug  is  to  act  directly  on 
the  spinal  cord.  The  technic  is  that  of  lumbar  puncture,  some 
cerebro-spinal  fluid  being  withdrawn  before  the  injection  is  made 
The  procedure  is  dangerous,  since  the  poison  may  be  conveyed  directly 
to  the  medulla. 

Intracerchrai  injections  {'i.  e..  into  the  substance  of  the  brain)  tiave 
been  used  experimentally.  The  injections  are  at  once  conveyed  to 
the  ventricles  and  produce  local  and  mechanical  effects  very  different 
from  the  systemic  action  of  the  drug. 

Intravenous  Administration. —  TTiis  is  very  often  used  in  pharma' 
cologic    experiments.    Clinically,    it   has   been    tried    in   recent   years, 
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It  has  not  come  into  general  use.  While  it  is  the  quickest  way  of 
Mcunng  the  aciion  of  the  substance,  the  slight  opcraiion  required  is 
some  objection.  There  is  also  considerable  danger  connected  with  it- 
Air  may  be  introduced  into  the  vein,  and  while  the  presence  of  a 
small  bubble  of  air  in  the  circulation  of  a  man  is  not  as  dangerous 
as  m  that  of  a  rabbit,  it  may  lead  to  very  serious  results.  Another 
factor  which  we  have  already  mentioned  is  that  the  action  of  drugs 
injected  intra %'enous!y  may  be  quite  different  than  when  taken  by 
other  channels.  They  act  upon  the  heart  more  directly  and  with  less 
dilution.  Many  substances  also  have  the  property  of  clotting  the  blood, 
and  unless  the  administration  be  very  skilfully  done,  the  result  might 
be  disastrous. 

Inhalation. —  This  method  is  used  only  for  gaseous  medi- 
cines, such  as  anesthetics  or  oxygen. 

Whm  giving  drugs  by  inhalation,  it  must  be  borne  in  mind  that  the 
effect  does  not  depend  upon  the  ouantity  given,  hut  the  concentration 
of  the  gas  and  the  time  during  wnich  it  is  administered. 

Cctaphoresis. —  This  process  has  been  employed  in  dentistry  to  fa- 
cilitate the  penetration  of  cocain.  but  it  has  not  as  yet  found  very 
extensive  adoption  in  medicine  and  surger}*.  It  is  a  process  by  which 
the  molecules  are  carried  from  tlw  +  to  the  —  pole.  The  solution 
to  be  introduced  must  possess  a  higher  conductivity  than  the  liquid  of 
CHc  tissues. 

HISTORICAL  DEVELOPMENT  OF  THERAPEUTICS. 

If  we  cast  a  glance  at  the  history  of  therapeutics,  we  are 
irkc^  with  some  ven^  singular  facts.  Some  of  these  will 
s^T"ve  to  explain  errors  which  have  long  adhered  and  which 
still  adhere  to  the  subject. 

AVe  may  imagine  one  of  our  remotest  ancestors  brought 

hixr«  to   face  with   disease.     How   mysterious   must   have 

seamed  to  him  the  phenomenon  that  to-day  he  is  strong. 

active,  and  full  of  life,  and  to-morrow%  without  any  cause 

apiMrent  to  him.  he  is  weak.  listless,  and  about  to  die! 

Vw  hat  strong  hold  it  must  have  taken  upon  his  untutored 

ttnagitiation !      How    earnestly   he    must    have   sought    for 

tneans  to  remedy  it!     Here  he  happened  at  once  upon  two 

apparently  very  different  methods :  a  spiritual  and  a  mate- 

^^'   On  the  one  hand,  overpowered  by  the  mysteriousness 

of  the  process,  he  lost  himself  in  superstition.     He  deemed 

^"t  disease  due  to  malevolent  spirits  which  could  he  ap- 

P^^^Sttl  by  prayers  and  incantations.     This  formed  the  prin- 

'^^  materia  medica  of  prehistoric  ages,  as  it  does  of  the 

^wn  savage. 

^  the  other  hand,  chance  and  the  observation  of  animals 
^'<aled  to  him  that  certain  material  products  were  also 
*'«iL    As  long  as  he  limited  himself  to  actual  obser\'a- 
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tion,  the  results  were  usually  good.  However,  he  soon 
began  to  search  for  more  of  these  remedial  agents.  In  this 
search  we  must  remember  the  total  ignorance  which  then 
existed  regarding  the  nature  oi  the  action  —  both  of  the 
disease  and  remedy.  In  this  darkness  he  was  only  too  glad 
to  be  gnideci  by  any  ray  of  light,  without  having  the  means 
to  examine  whether  the  light  came  from  a  beacon  or  was 
only  an  ignis  fatuus.  With  the  fantastic,  half  logical  iu- 
congniity  so  characteristic  of  the  untutored  mind  he  as- 
sumed the  most  extraordinary  relations. 

It  is  interesting  to  observe  a  little  closer  the  principles 
which  guided  the  blind  savage  in  his  search  for  remedies. 
Having  found  that  most  active  medicines  had  a  bitter  or 
disagreeable  taste,  he  came  to  regard  any  such  substance  as 
benelicial.  Thus  arose  a  host  of  simples  which  are  now 
stowed  away  to  niolder  in  the  attic  of  science,  and  which 
might  well  be  disregarded  were  it  not  that  some  zealot  occa- 
sionally disturbs  their  well-earned  repose  and  attempts  to 
launcli  titem  as  something  new. 

Nor  did  this  love  of  the  disgusting  die  out  with  the  stone 
age.  Il  was  prolonged  far  into  the  middle  ages.  To  it  we 
can  probably  trace  the  employment  of  feces  and  urine,  of 
smoked  snake,  and  of  others  still   worse. 

At  a  later  period  of  the  middle  ages  it  was  tried  to  com- 
bine the  spiritual  and  the  material  treatment.  It  was 
thought  that  the  Deity  alone  could  cure  disease,  but  that 
He  had  given  man  material  remedies,  and  in  His  wisdom 
He  had  put  a  seal  upon  them  by  which  man  might  know 
them.  Thus  arose  in  due  time  what  is  called  the  doctrine 
of  "  signatures.*'  According  to  this,  the  use  of  a  remedy 
■was  suggested  by  a  fanciful  resemblance  in  shape  or  color 
to  some  organ;  c.  g.,  the  liverwort,  the  lungwort,  blood- 
root,  etc.  These  are  survivals  of  this  custom.  Even  sl 
name  was  sufficient.  Silver  was  used  in  lunacy  because  ii 
was  dedicated  to  Luna.' 

On  the  other  hand,  alchemists  had  arisen  with  their  per- 
tinacious search   for  the  philosoplier's  stone,  which  was  t 
convert  all  metals  int«)  gold,  and  cure  all  diseases.     In  thi 
search  they  gave  their  nostra  extensive  trial  on  sick  an 
well,     .\jitimony  is  related  to  have  been  so  named  by  it 


■  It   wnutH    appear   that    the    native   Cfain«««  malcria   medtca 
on    Uie   iloirine   of  lignaturet. 
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crer  because  of  its  fatal  effects  upon  his  fellow -monks. 
The  school  of  spagirists  was  f<.>unde<l  by  Basilius  Valen- 
tinus  toward  the  end  of  the  fourteenth  century  and  reached 
its  zenith  of  power  with  Paracelsus.  They  insisted  upon 
the  mystical  virtues  of  Sb,  As,  and  Ag.  and  chemicals  in 
general,  and  stood  (jpposed  to  the  old  Galcnists,  who  used 
only    organic    drugs.     Notwithstanding    their    mysticism, 

I  which  flavors  of  quackery,  we  must  thank  them  for  the  dis- 
Ipvery  of  some  of  our  most  valuable  medicines. 
I  Thus,  a  mass  of  materials,  rubbish  and  otherwise,  was 
bded  to  the  various  simples,  etc.  Having  so  well-stocked 
mn  armory,  the  pliysician  of  that  day  felt  that  he  was  not 
■Ding  his  duly  unless  he  gave  his  patient  the  benefit  of  it  all. 
and  the  **  shot-gun  *'  prescription  flourished  at  its  best. 

A  natural  reaction  against  this  set  in.  and  liad  for  one  of 
its  first  results  the  establishment  of  homeopathy  by  Hahne- 
mann, near  the  end  of  the  eighteenth  century.  The  Hahne- 
mann system  was  by  no  means  new.  For  the  most  part  it 
■Bpd  its  ro<jts  much  further  hack.  It  was  the  natural  result 
^Kf  \he  then  existing  tlieory  of  "  vitalism." 

Hahnemann  believed  that  disease  depends  upon  a  per- 
version of  the  ptirely  spiritual  vital  jx^wers  and  is  entirely 
imnmterial  in  its  nature.     Logically,  a  tiling  spiritual  could 
ncit  l)c  coml>ated  by  material  remedies,  and.  lience,  Hahne- 
mann turned  to  a  spiritual  power  which  he  believed  to  be 
btnind  up  in  plants  and  liberate<I  by  dilution.     This  liber- 
ation of  the  principles  exactly  turned  their  action  around,  so 
that  the  action  of  his  dilutions  was.  he  stated,  exactly  the 
•^'PpoMtc  of  that  of  the  concentrated  drug,  and  could  be  used 
»jr  the  relief  ^»f  such  symptoms  as  the  latter  produced: 
Simtlia  stmilibus  curantur.      This   was   the   first   tenet   of 
oalmcniann.    The  second  was  that  the  nature  of  the  disease 
''finjr  uivseizable.  it  was  not  subject  to  treatment,  but  that 
^y  lis  symptoms  C-an  l>e  treatetl.     Hence,  homeopathy,  in 
^  was  it  follows  the  principles  of  its  founder,  has  no  place 
'wthf  medical  sciences,  such  as  physiology',  anatomy,  path- 
^J'^?)'.  or  chemistry.     .\ny  one  witli  an  indexed  book  of 
*>ynp1oms  and  their  remedies  woukl  be  able  to  practice  it 
"^•^Hont  an  elaborate  study  or  preparation. 

Iti  market  1  cr>ntrast  to  the  above  is  tlie  tliird  dictum:  that 
^  'Tiedicirial  treatment  must  be  supp<  trted  by  dietetic  and 
")^cnic  measures. 
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The  claims  of  homeopathy  as  a  rational  system  hinge  on  the  proof 
of  the  similia  similibus  theory.  Most  of  its  advocates  bcem  to  deny 
altogether  the  relevance  of  scientific  testimony,  and  to  base  ihcmidvci 
purely  on  the  slippery  gronnd  of  empirical  experience.  Others,  how- 
ever, whilst  they  carefully  neglect  the  great  body  of  scientific  ex- 
perience which  disproves  their  theory,  seem  very  glad  to  avail  them- 
selves of  the  few  experimental  facts,  which,  through  a  variety  of 
logical  contortions  and  sophistications,  can  he  twisted  into  a  specious 
support.  Hahnemann  himself  seems  to  have  started  from  the  ob- 
servation that  large  doses  of  drugs  produce  the  opptjsite  eflfects  from 
moderate  doses.  The  correctness  nf  this  principle  may  be  granted,  for 
most  cases.  But  it  is  a  very  unwarranted  feat  of  logic  to  aj^sume 
that  infinitesimal  doses  must  again  cause  effects  opposite  to  those  of 
moderate  doses! 

The  more  recent  discovery  of  the  efTect  of  dilution  on  electrolytic 
dissociation,  on  ionization,  has  also  been  seized  upon  as  illustrating 
homeopathy  —  quite  disregarding  the  fact  that  the  action  depends  on 
the  number  of  ions  rather  th:^n  on  the  degree  of  ionization;  and  the 
further  fact,  that  the  majority  of  the  substances  employed  in  homeo|»- 
athy  are  not  electrolytes  at  all !     These  few  examples  may  suffice. 


Hahnemann's  sysletn  was  the  natural  outgrowth  of  his 
time.  At  present  it  is  an  anachronism,  as  his  pupils  are  the 
first  to  acknowledge  in  practice,  if  not  in  words.  But  in  his 
time  Hahnemann  accomplished  considerable  for  medical 
science.  He  called  attention  to  the  importance  of  diet,  etc., 
when  this  was  only  too  ninch  neglected;  but  perhaps  the 
principal  nsc  of  hnmeo]>athy  has  been  to  show  to  rational 
medicine  the  fact  that  disease  tends  to  recovery  without  any 
medical  interference. 

This  was.  indeed,  the  next  step  which  medicine  took  — 
total  emancipation  from  all  drugs.  This  dates  from  the 
establishment  of  the  \'ienna  school  by  van  Swieten.  in  1745. 
The  strongest  advocate  of  nihilism  was  Skoda  (  1805- 
1881  ),  tlie  founder  of  the  methods  of  percussion  and  aus- 
cultation. Such  nihilism  was  absolutely  necessary  at  that 
time,  just  as  periods  of  skepticism  are  necessary  in  phil- 
osophy,  anil  mark  steps  in  progress.  The  accumulated  re*| 
fuse  was  so  great  as  to  bury  the  good.  The  only  way  was 
to  empty  out  the  whole  and  l)egin  anew.  This  was  a  neces- 
sity then,  but  now  nihilism  is  as  obsolete  as  the  gtm-shot 
prescription.  He  who  proclaims  it.  simply  proclaims  his.  - 
own  ignorance  and  want  of  critical  faculty.  ■ 

The  reestablishment  of  therapeutics,  founded  now^  upon 
reason,  was  thus  aided  by  the  very  man  who  liad  attempted 
to  destroy  it.  For  he  established  physical  methods  of  diag- 
nosis, and  demonstrated  the  effects  of  disease  as  they  had 
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never  been  demonstrated  before,  making  it  possible  also  to 
demonstrate  the  effect  of  remedies. 

Then  followed  the  isolation  of  active  principles  (led  by 
the  discovery  of  moq>hin  in  1817),  thus  substituting  the 
definite  for  the  indetinite  drugs.  Finally  followed  animal 
cxi>erimeniation.  by  means  of  which  modern  pharmacology 
has  developed. 

Rational  theraijeutics  is  now  on  a  firm  basis.     But.  at  the 
same  time,  the  mystic  has  also  been  further  developed,  not 
only  in  homeopathy,  but  also  in  tlie  many  forms  of  sugges- 
tion.    The  value  of  suggestive  therapeutics  proper  camiot 
be  denied.     It  is  a  strictly  scientitic  method  of  treatment. 
and  is  cmploye<l  in  its  mihler  forms  by  every  physician  as 
"  the|)ersonai  influence  "  and  the  "  faith  in  doctor  and  medi- 
cine"    It  often  constitutes  all  there  is  of  merit  in  those 
medical  fads  which  have  accompanied  medical  science  since 
the  tildest  time. 

One  of  the  most  important  preliminaries  to  the  rational 
treatment  of  disease  is  that  the  physician  should  understand 
that  he  cannot  make  a  patient  wxll.     That  is  exclusively 
'Mtr.re's  task.     '*  Nature"  inevitably  tends  to  bring  the  or- 
;.i;jiiisin  back  to  its  normal  condition,  and  the  task  of  the 
physician  consists  in  directing  his  treatment  in  such  a  man- 
ner a.^  to  remove  obstacles  from  nature's  path.     Just  as  the 
swrg^m  cannot  cause  the  union  of  a  broken  bone,  but  can 
only  put  it  in  the  most  favorable  condition  for  nature  to 
perform  this  union, —  i.  c,  set  it, —  so  the  physician  cannot 
•^^re  heart  disease.     He  may  either  remove  the  condition 
«hich  causes  it,  if  still  present,  or  remove  by  digitalis,  etc.. 
the  factors  which  retard  the  cure;  but  in  any  case  he  must 
^ly  upon  nature  to  perform  the  last,  the  really  important 
^'  viz.,  the  permanent  return  to  normal. 

TTai  nature  not  oidy  puts  the  final  touch  upon  every 
^tparalive  process,  but  that  she  may  take  every  step  as 
well,--.,*  ^  iiiat  a.  patient  may  get  well  without  atiy  med- 
'Q1  interference, —  is  too  well  known  to  require  further  dis- 
ciission.  The  ways  in  which  tliese  pr(x;esses  of  repair  take 
place  constitute  one  of  the  departments  of  pathology  and 
rocdicine. 

entile  light  of  the  above,  it  might  well  be  asked:  If  na- 
1^  is  thus  able  to  effect  cures;  if  by  far  the  greater  num- 
^  "jf  diseases  tend  to  spontaneous  recovery,  what  is  the 
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function  of  the  physician?  Can  he  do  anything  but  harm 
if  he  attempts  to  nie<ldle  with  the  great  prtxresses  of  nature? 
if  he  undertakes  to  aid.  di»es  he  not  really  meddle?  W'c 
must,  in  examining  this  question,  lay  the  emphasis  in  the 
above  sentence  on  **  nature  tends  to  effect  a  spontaneous 
cure."  But  nature  is  essentially  blind  in  her  workings. 
She  works  by  general  laws,  which  often  do  n<»l  take  account 
of  individual  cases.  Though  we  must  recognize  her  proc- 
esses as  almost  always  the  best  under  the  given  conditions, 
they  may  l>e  greatly  at  fault  quantitatively.  Nature  may 
do  too  much  or  ini)  little.  It  is  now  concede*!  that  fever, 
pain,  inriammation.  etc..  are  protective  mechanisms;  but 
when  the  fever  becomes  so  high  as  to  be  in  itself  dangerous 
to  life,  when  the  pain  is  intolerable  and  constant,  and  persists 
after  it  is  no  longer  needed:  when  inflammation  spreads; 
then  it  is  evident  that  the  originally  salutary  pnxress  is  be- 
coming the  reverse.  That  the  pnxresses  of  nature  arc  often 
insufficient  is  evident  from  the  fact  that  it  does  not  in  all 
cases  effect  a  cure.  Nature  may  sometimes  be  absolutely 
wTong;  r.  ^..  in  the  desire  for  soli<l  food  in  typhoid. 

It  is,  then,  the  iluty  of  the  physician  to  judiciously  modify 
the  natural  tendency,  if  he  p<^ssesses  the  means  of  doing  so. 
Rut  he  nnist  do  so  wisely,  or  it  were  l>etter  not  at  all.  He 
must  understand  llie  diseased  condition:  he  must  under- 
stand nature's  way  of  meeting  the  difficulty:  he  must  judge  _ 
in  what  ways  nature  may  be  supported:  and,  finally,  he^ 
must  thorntigldy  understand  the  means  at  his  command  for 
the  purpose — r.  c.  pharmacology.  As  long  as  he  is  nf>t 
clear  in  regard  to  these  factors,  he  is  merely  groping  in  the 
dark,  as  likely  at  least  to  do  harm  as  good.  In  this  case 
expectant  treatment  is  alone  justifiable. 

We  see  ln^w  fmm  the  above  we  can  deduce  a  number  o 
methoils  of  treatment. 

/.  Expectant  Treatment:  i.  r..  the  absence  of  any  real 
attempt  at  treatment  beyond  hygiene,  rest,  iliet,  and  other 
similar  general  measures;  with  the  object  of  leaving  the 
powers  of  nature  free  play.  This  should  be  eTni>loyed  ir» 
all  cases  where  no  better  treatment  is  knf>wn;  but,  as  ha? 
been  said,  it  is  usually  w  ilhin  the  province  and  power  of  th 
physician  to  support  nature  in  her  endeavor. 

The  expectant  treatment  must  also  he  used  when  it  i 
desirefl  to  let  the  disease  progress  to  a  certain  point,  if  this 
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neccssar>'  for  diagnosis.  Thus,  general  treatment  for  pri- 
mary sj-philis  is  usually  expectant,  since  no  great  benefit 
would  result  from  immediate  specific  treatment,  whereas  the 
diagnosis  would  be  greatly  obscured  thereby. 

//.  Sytttf'totiiattc  Treatment. —  This  is  aimed  at  the  symp- 
toms of  the  disease  without  reference  to  their  cause.  This 
may  be  objectionable  in  some  cases,  indicated  in  others.  In 
Mriking  the  sym|»toms  one  very  often  also  strikes  the  dis- 
ease. Again,  the  symptoms  in  themselves  may  be  so  objec- 
tidiiable  or  lead  to  such  secondary  results  as  to  make  their 
removal  ciesirable.  Pain,  cough,  and  fever  are  all  purely 
symptoms,  and  yet  no  one  would  refuse  to  treat  them  sim- 
ply because  unable  to  remove  the  root  of  the  disorder.  On 
ihe  other  hanil,  the  symptoms  may  l>e  very  deceptive  —  a 
chill  will  not  rec|uire  external  heat ;  a  referred  pain  will  not 
he  relieved  by  local  application  of  iodin  to  the  place  where 
it  is  felt. 

In  removing  the  symptoms  the  physician  also  deprives 

himself  of  the  only  index  to  the  treatment  of  the  underlying 

dis«jrder.     He  must  constantly  be  on  his  guard  against  be- 

Ueving  himself  successful  when  he  has  succeeded  in  remov- 

it^g  one  or  several  of  the  symptoms  of  the  disease.     In  many 

cases  the  symptom  may  itself  be  salutary;  in  which  case  it 

^^■••nl{ln<Jt  do  to  remove  it  [c.  g.,  cough  when  there  is  hyper- 

w:reiion  of  mucous;  a  certain  amount  <tf  pain  when  rest 

i*  indicated  in  fracture). 

h  need  scarcely  be  mentioned  that  it  is  not  ethical  10  per- 
'^(ie  a  ))aticnt  that  he  is  being  cured  when  he  is  in  fact 
"nly  l)cing  rebeved  of  the  symptoms. 

W-  Empirical  TreatuicnI. — This  follows  merely  the  dic- 
^*^<"»f  experience  without  concerning  itself  about  the  rea- 
^ns  for  these.  While  in  the  present  state  of  our  science 
^  '5  still  necessar)'  to  employ  it  only  too  often,  it  requires 
*^f«Iy  a  thought  to  see  how  often  it  may  be  not  only  use- 
•^t  htit  even  injurious.  Conditions  which  resemble  each 
other  very  closely  superficially  may  really  be  diametrically 
^'PP'^sUe,  and  may  reriuire  very  different  treatment. 

'^  Rationa!  or  Scientific  Treatment. —  While  this  makes 
^5*  of  the  three  preceding  methods,  it  aims  essentially  to 
f*"tove  the  cause  of  the  disorder  and  to  favorably  influence 
^Cotirse.     It  presupposes  a  knowledge  of  both,  cause  and 
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course,  as  well  as  a  thorough  acquaintance  with  the  manner 
in  which  they  may  be  influenced  by  remedial  measures. 

While  it  relies,  on  the  one  hand,  on  the  science  of  path- 
ology, etc.,  for  the  revelation  tjf  the  nature  of  the  disease. 
it  ret|uires  equally  accurate  knowledge  of  the  nature  of  the 
action  of  drugs:  viz.,  scientific  pharmacology. 

THE  RELATIVE  IMPORTANCE  OF  THE 
DIFFERENT  DRUGS. 


I 


Therapeutics   is  not  yet   in   a   stable  condition :  its  theories  are  still 
in  a  state  of  development,  and  as  they  change,  the  use  of  the  different 
drugs    undergoes    corresponding    change?.     It    is    therefore    necessary 
for  a  student  to  have  some  knowledge  of  all  the  drugs  whicli  may  be 
used,  whether  they  are  at  present  popular,  or  not.     At  the  same  lime, 
many   drugs   have  almoist   identical   actions,   and   for   the   sake  of   sim-  ^ 
plicity,  a  considerable   part  of  our  materia  medica  could   well  be   dis-  ■ 
pcnsed    with.     The    beginner    is    often    at    a    loss    lo    make    a    proper  1 
selection  of  the  most  important   drugs,  to  which  his  attention   should 
be    mainly   directed.     The    f<illi>wing    list  —  which    is   arranged    in    the 
same  order   in   which   the  drugs  are   treated   in  this  book  —  aims  t< 
enumerate   those   which   are   really   indispensable. 

List  of  most  important  drugs,  from  the  therapeutic  standpoint: 
Strychnin.  Caffcin.  Morphin,  Heroin,  Cocain,  Alropin,  Pilocarpin, 
Physostigmiii,  Thyroid,  Suprarenal,  ,\pomorphin.  Aconite,  Quinm. 
Phenacetin  or  Acetanilid,  Salicylate.  Phenol,  Creosote,  Diphtheria  Anti- 
toxin, Alcohol,  Ether.  Chloral.  Sulfonal.  Amyl  Nitrite,  Trinitrin.  Digi- 
talis. Ergot,  Normal  Saline.  MgSO..  KBr.  KI.  NH.Cl,  KCjH.O,,  HCI  , 
NaHCO..  As,0..  FeSO.,  Fc,Cl..  Hg:a:,  HgCL,  Hr.I,,  ZnO.  AgNO., 
Bismuth  subnitratc,  Hexamcthylcnamin,  Kramcria.  Gentiana.  Asafctida  , 
Mentha  piperita,  Rheum,  Podophyllin.  Aspidium,  Santonin,  Acacifk^ 
Oleum  OlivBe,  Petrolatum,  Oleum  Morrhitac,  Pepsinum. 
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CHAPTER  VllT. 
CONVULSANT  SERIES. 


A  very  large  number  of  poisons  are  capable  of  producing  convul  — 
sions;  some  by  a  direct  excitation  of  the  nervous  centers;  olher^ 
indirectly,  through  asphyxia,  etc.  In  the  present  chapter  only  thos-^ 
will  be  considered  in  which  the  convulsive  action  is  direct  and  irr«  — 
portant.  The  scries  comprises  three  groups:  strychnin,  acting  mainl  3^ 
on  the  spinal  curd;  picrotoxin,  with  its  main  action  on  the  medullv^  ^ 
and  caffein,  which  affects  the  entire  central  ner\'0ii5  system,  and  whic^^ 
has  other  actions  of  great  therapeutic  importance. 

(A)  STRYCHNTN  GROUP.  V 

Derivation. —  The    principal     memWs    of    this    gto\%f 

(strychnin,  brucin)   are  derived   from  plants  of  the  gent'«^ 

Strychnos,  especially  S.  Ignatii  and  S.  Nux  Vomica.      ^^^ 
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Alkaloids  with  a  strychnin-aciion  are  also  found  in  opium  (thcbain) ; 
gtlscmium  igelsemin)  ;  and  physostigma  Icalaberin).  These  drugs 
however,  ali^o  contain  other  alkaloids  whose  action  is  predominant; 
»o  that  they  cannot  be  counted  in  the  strychnin  group.  The  action 
^i  tctanui  toxin  resembles  that  of  strychnin  very  closely. 

II.  SUMMARY  OF  ACTIONS. 

1.  Increase<l  reflex  irritability  of  the  central  nervous 
sj'stem,  fnim  l)eIow  iii)\varcl.  The  most  prominent  symp- 
toms of  this  action  consist  in  convulsions.  These  are  ac- 
companied and  followed  by  central  paralysis. 

2.  **  Bitter  effect "  on  the  alimentary  canal. 

X  With  direct  application,  a  curare  action  on  striped  muscle,  and 
paralytic,  of  the  <i»p^rior  cervical  ganglion.  High  concentrations  are 
tojuc  to  all  protoplasm. 


111.  DETAILS  OF  ACTION'. 

(A)  Central  Nervous  SyBtcm. —  1.  Spinal  Cord. —  The  pnn- 
cif>al  symptom  of  slrychnin-poisoning^ '  is  an  increased  rc- 
fl«-7<  irritability  of  the  spinal  cord,  shown  most  conspicuously 
hyr    the  prrniuction  of  tetanus.     The  animal,  frog-  or  mam- 
mal, after  a  short  period  of  increased  reflex  excitability. 
is    thrown  into  violent  clonic  spasms.     ( Spasms  or  convul- 
sicjrfis  are  called  clonic   when  they   are  intermittent,   tonic 
**H«n  i>ersistent.)      There  are  sudden  and  violent  contrac- 
li<'»ns  (if  all  the  muscles  of  the  Wly.  persisting  for  a  few 
seconds  or  minutes;  then  there  is  complete  relaxation,  the 
animal  showing  all   the  signs  of  paralysis.     After  a   few 
w^tnines  the  convulsiouH  are  repeated,  to  be  again  replaced 
W  paralysis.     With  appropriate  doses  these  phenomena  may 
^  Tcpcaied    altnost    indefinitely    ( from    eighteen    to    forty 
^ifntrs)  with  frogs,  whereas  mammals  usually  die  after  the 
»>■«  few  convulsions. 

With  smaller  doses,  the  paralysis  disappears  gradually. 
\^€  animals,  how^ever.  may  again  go  into  convulsions,  and 
*i'c.  several  hours  after  apparently  complete  recovery. 
'^^•gs  may  show  a  spasmodic  condition  for  as  long  as  ten 
^yx 

f-ocation  of  the  Tetanus. —  A  tetanus  or  spasm  may  con- 
ceivably be  located  in  the  muscle.  ner\'e  endings,  spinal 
^^'1.  meclulia,  brain,  or  sensory  endings. 


f-ttrcbe 
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The  experimental  distinction  between  these  possible  actions  forms 
a  very  interesting  chapter  of  pharmacology,  and  illustrates  very  well 
the  general  methods' of  pharmacologic  experimentation.  The  experi- 
ments can  be  carried  out  most  conveniently  on  frogs;'  but  they  can 
also  be  demonstrated  on  mammals. 

Muscle  and  ncn^e  endings  may  be  exchi<ied  by  section 
of  the  ner\'e-tnink.     This  stops  the  convulsions. 

If  the  spasms  in  these  structures  had  not  ceased  after  section  of  the 

nerve,  one  could  distinguish  between  them  by  the  administration  of 
curare.  This  would  stop  the  contraction  of  the  muscle  if  it  had  its 
origin  in  the  stimulation  of  its  endings,  but  nut  if  it  were  located  in 
the  muscle-fibers. 


Brain,  and  Medulla. —  Tliese  can  be  excluded  by  successive 
section  or  destruction.     If  division  below  the  brain  or  me- 
dulla stop  the  tronvulsinn.  tlie  seat  must  be  in  one  of  the       i 
structures  above  the  (livide<l  point.  fl 

This  is  not  the  case  with  strychnin :    Section  of  the  me—  ™ 
ilulla  may  in<leed  lessen  the  tetanus  for  a  short  time,  by^ 
shock,   but    it   st.ion   returns   to   its   former  intensity.     Th^- 
brain  and  medulla  are  therefore  not  concerned  in  the  con- 
vulsions.    This  leaves  only  the  cord,  and  the  sensory  end- 
ings. 


If  the  strj'chnin  i«;  injected  into  a  leg  which  has  been  ligateH.  witlw^ 
the  exception  of  the  sciatic  nerve,  no  convulsions  occur.  In  thi*  ex — 
perimcnt.  the  strychnin  can  act  on  the  sensory  endings,  hut  not  ot» 
the  cord,  so  that  the  absence  of  the  tetanus  shows  that  the  action  i^' 
not  on  the  sensury  endings.  This  conclusion  is  contirmcd  by  other" 
experimental  methods.  The  posterior  root  ganglia  can  also  he  tr — 
ciudcd.  for  if  all  the  posterior  roots  are  cut  central  to  the  ganglia^ 
and  one  of  the  stumps  is  stimulated,  a  typical  tetanus  results.  The^^ 
tctonizing  action  of  strychnin  must  therefore  be  situated  in  the  cord. 

It  still  remains  to  distinguish  hetrvt'en   the  motor  and  sensory  eett^ 
of  the  cord.    To  do  this.  Baglioni   (1900)   availed  hiuTielf  of  the   fac* 
that  impulses  pass  from  the  sensory  cells  of  the  anterior  segments  of 
the  cord  to  the  motor  cells  of  the  posterior  segments:  and  vice  vcrsa- 
By   destroying   the   circulation   and    applying   strychnin   locally   to   the 
exposed   cord,   it   is  therefore    poPi>ible   to   make    impulses   pass   either 
through    a    poisoned    sensory   cell    to    an    unpoisoned    motor    cell ;    or 
through   unpoisoned   sensory   to   a   poisoned   motor   cell.     In   figTirc   45 
the  sir>'chnm  is  supi>osed  to  be  restricted  to  the  anterior  half  of  the 
cord.     Tlie  path  goes   through   a  poisoned   sensory   to   an   un- 
poisoned   motor   cell:   the   path    —   —   —  —   through   an    unpoisoned 
sensory  to  a  poisoned  motor  cell.    When  the  foreleg  is  stimulated  in 
this  frog,  the  hindleg  participates  in  the  convulsions.    When  the  hind- 
leg  is  stimulated,   there  is  no  convulsion.     In  other  words,  when   the 
impulse    passes   through    a   poisoned    sensory   cell,    convulsions    ensue, 
whether  the  motor  cell   is  poisoned  or  not;  when  the   sensory  cell  is 
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not  poisoned,  there  is  no  convulsion,  even  though  the  motor  cells  arc 
exposed  to  the  poison.  This  justifies  the  conclusion  that  the  action 
of  strycfiHin  u  on  the  sensory  cells,  uot  on  the  motor  ceils;  or  at  least, 
on  some  structure  between  the  entrance  of  the  sensory  nerve  into  the 
cord,  and  the  motor  cell.  The  effect  of  strychnin  on  the  medulla  and 
on  the  special  senses,  in  which  no  motor  elements  are  involved,  also 
favors  the  view  that  it  acts  selectively  on  the  sensory  elements. 

The  question  now  arises,  whether  the  strychnin  stimula- 
tion produces  convulsions  by  orip^inating  new  ina])ulses,  i.  c, 
by  a  direct  excitation  of  the  centers;  or  wliether  it  acts 
merely  by  intensifying  ordinary  impulses.  The  question 
must  be  answered  in  favor  of  the  latter  view:  the  actiott  of 
strychnht  consists  in  facilitofin^  the  passage  of  the  tterz'o'tts 
iinpulsi*  through  tJic  sensory  paths}  so  that  very  slight  stim- 
ulation leads  to  exaggerated  motor  response. 


Fic.  45. —  Dtagrain   of    llsglioni's  Experiment. 

Strychnin  tetanus  must  be  conceived  as  caused  by  the 
extensive  spreading  of  reflexes  f>n  the  application  of  small 
stimuli  (a  spreading  which  is  not  norrnally  seen  except 
after  the  very  strongest  stimulation). 


Th«  rcflfx  character  of  the  strychnin  convulsions  is  shown  by  the 
(wt  ihai  in  slight  degrees  of  strychnin-poisoning  the  convulsions  do 
^  occur  spontaneously,  but  only  upon  stimulation.  In  very  large 
******  the  stimulation  required  may,  indeed,  he  so  small  as  uot  tu  be 
rj^crptiblc  and  the  tetanus  may  Iwar  an  automatic  character.  But 
^^  reflexes  are  involved  here  '\s  shown  by  the  fnct  thai  the  convnl- 
'^fis  may   be   prevented   hy   cutting  off  sensory   impressions   from   the 

.'Tlte  reviiUnce  may  he  lowered  ai  ihree  different  pointx:  in  the  cclli.  the 
jwiuM,  or  the  nerve-fihre-t  of  the  spinal  cord.  There  i*  reason  to  HUppoflc  that 
*■'  filwf*    in     Ihe     crnirol     nervous    system    are    as    resistant    to    poUons    as    the 

a>t>cril    fiber».    and    thai    the    action    is    therefore    limited    to    cither    cell*    or 
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cord ;  e.  g.,  by  placing  a  frog  in  a  weak  cocain  solution,  jiisi  strong 
enough  to  paralyze  ilie  sensory  endings  without  producing  central 
paralysis;  or  by  dividing  all  the  posterior  roots. 

The  nature  of  the  stimulation  is  of  some  importance. 

The  convulsions  arc  only  elicited  by  stimulation  of  certain  paths. 
I.  f..  by  direct  stimulation  of  a  nerve,  and  by  the  special  senses  of 
sight,  hearing,  and  especially  touch,  the  latter  being  by  far  the  most 
active.  Direct  stimulation  of  an  exiwsed  muscle  or  of  the  intestine 
is  very  much  less  efficient  than  stimulation  of  the  skin.  No  matter 
how  slight  the  stimulation,  if  it  has  any  result  at  all.  this  is  always 
maximal. 

The  effect  is  also  influenced  by  the  abruptness  of  the  stimulaiion,  a 
gradual  stimulus,  such  as  is  produced  by  chemic  irritation  (acids) 
being  less  effective. 

Whilst  the  experimental  pnxif  of  the  site  of  the  action  is 
essential  in  the  study  of  every  (.{itivnlsant  ])oison,  a  fairly 
accurate  jntlgineiit  may  be  fijrmed  by  observing  merely  the 
character  of  the  convxdsions. 

If  the  action  is  on  the  muscle  suhstance:  the  cflFect  may  consist  in 
an  increased  tonus  ( veratrin  1  or  in  fibrillary  twitchings  (physosti^- 
min)  ;  on  the  motor  endings:  fihri!lary  twitchings  (aconitin)  ;  on  the 
sf'inat  cord  (strychnin)  :  increased  rtfliexcs;  abrupt  movements;  ■ 
twitching  of  limbs :  coordinated  clonic  spasms ;  opisthotonos  (1.  ^.•1 
body  arched  backward)  ;  adduction  of  hind-legs;  on  the  tne-  ■ 
dulla  ( Picrotoxin )  :  the  convulsions  arc  cyclic :  there  is  first 
a  period  of  quiet;  then  sudden  convulsions,  the  animal  "bucking** 
or  turning  somersaults;  abduction  of  hind-legs;  cmprosihotonus  (body- 
curved  forward);  reflexes  var>'  with  stages  of  cycle;  pupils  dilated. 
On  the  brain:  The  effects  are  as  with  the  medulla,  hut  there  is  an 
entire  absence  of  reflexes,  and  no  somersaults.  On  the  motor  arrar 
(Epilepsy);  The  convulsions  involve  first  isolated  muscles,  and  "then 
become  incoordinated.  On  the  sensory  endings  (irritants) :  Signs  o€ 
pin;  the  movements  are  irregular  and  directed  to  the  removal  of  the 
irritant. 


I 
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The  location  of  the  tetanizing  action  of  strychnin  in  the 
spinal  cord  is  not  only  of  experimental  interest,  but  also  o€ 
practical  importance.  It  explains,  for  instance,  why  strych^ 
nin  convulsions  are  alx)lishe<l  by  curare,  since  curare  blocks 
impulses  from  the  cord  to  the  muscles.  Also,  that  strx'ch— 
nin  has  a  stronger  action  on  a  paralyzed  limb  in  those  case$ 
of  paralysis  in  which  the  lesion  is  abrive  the  cord,  for  cutting" 
off  of  the  spinal  cord  from  the  brain  always  increases  it* 
reflex  excitability. 

The  fact  that  str^-chnin  in  small  doses  increases  the  tone 
}f  }9tusclcs  is  also  due  to  its  hei(jhteninff  the  reflex  excita-  . 


I 
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Inlily  of  the  spinal  cord.  Not  only  the  convulsive  centers, 
but  other  spinal  centers  are  put  in  a  condition  more  favora- 
ble to  reflexes.  It  is  in  this  way  that  strychnin  is  useful  in 
ifiif^otcncc  or  in  paralysis  of  ihr  bladder  or  other  sphincters, 
when  these  are  due  to  lowered  activity  uf  their  respective 
spinal  centers. 

The  increased  activity  of  the  muscles  brings  about  sc^^eral 
secondary  results:  (  i)  Pain:  Strychnin  convulsions  are  ex- 
tremely painful,  just  as  any  other  form  of  muscle  cramp. 

Patients  and  animals  very  often  utter  a  sharp  cry  at  the  beginning 
oi  &  convulsion.     Thii.  like  the  cry  of  epilepsy,  is  not  due  to  the  pain, 
bxxx  to  the   sudden  contraction  of  the  expiratory  muscles,  for  it  often 
precedes  the  convulsions. 

(2)  Increased  metabolism:  An  increased  consumption  of 
o3cygen  and  increased  output  of  COo.  and  an  increased  use 
^^  glycogen.  (3)  Tendency  to  rise  of  blood  pressure.  (4) 
T^-^ndency  to  quickening  of  the  pulse  (which  is  counteracted 
f*3^  the  stimulation  of  the  vagus  center).  (5)  Tendency 
tf^  increase  of  temperature,  which  is  counteracted  by  the 
*^*  '  ation  of  the  cutaneous  vessels. 

^Effect  of  Convulsants  on  Temperature.* —  All  convutsant  poisons 

wtonin,  picpjioxin,  >trychninj   produce  characteristic  changes  in  heat 

uljition.     Small     doses    cause     increased     heat    loss    and    a    slightly 

ailler    heat    production.     Larger    doses    cause    increased    metabolism, 

^ough  muscular  action,  and  liencc  increased  heat  production,  which 

■accompanied    hy   a    further    increase   of   heat    loss.     Paralytic    doses 

*  •""•h  the  heat  production  very  greatly.     The  tcmft'ralure  is  accord- 

vanable :     Small    doses    tend   to    lower   it ;    moderate    convulsive 

would    increase   it;   paralytic  doses  lower  it   greatly.     The   heat 

-    particularly    conspicuous    in    small    and    young    animals,    whilst 

-  -r   ammaU    lend    10   show    a    rise   of    temperature,    with    moderate 


thv 

i* 


CG)  Asphyxia  by  tetanic  fixation  of  the  respiratory  mus- 
^^s  (later.  alsf»  l>y  tlie  depression  of  the  respiratorj*  center). 
'^«5  asphyxia  brings  with  it  a  venous  condition  of  the  blood 
"*^  venous  congestion  of  organs,  lividity  of  the  skin,  pro- 
tria^ion  of  the  eyel>a]ls.  dilated  pupils,  increase  of  the  con- 
^^^sions.  and  rise  of  blood  pressure.     These  stimulant  ef- 

1**^^»  are  soon  replace<l  by  paralysis  of  the  same  functions. 
*^<1  the  animal  dies  in  coma. 
.  -Xsphyxia  also  causes  glycosuria.     The  sugar  of  the  blood 
^^"^^^^1  whilst  the  glycogen  of  the  liver  diminishes  or  disap- 
^^rs  entirely. 


*  S-weitv  si. 
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Both  the  conviilsant  and  the  paralytic  effects  of  asphyxia 
coincide  with  ihe  actions  of  strycliniii.  Asphyxia  is  there- 
fore often  contributory  to  the  fatal  ending  of  strychnin  poi- 
soning. an<l  may  even  be  the  main  cause  of  <!eath.  Life 
ftiay  therefore  be  prolonged  or  saved  by  artificial  respiration, 
especially  if  this  is  bep^un  before  the  natural  respiration  has 
entirely  ceased.     Tlie  convulsions  are  also  lessened. 

The  effect  is  partly  due  to  the  oxygt-naiion  of  ihc  blood,  for  the  in- 
halation of  oxygen  is  similarly  beneficial.  The  rhythmic  movements 
of  arttftcial  respiration  arc,  however,  also  important;  for  it  has  hcen 
shown  that  artificial  rt'spiration  prolongs  life  even  when  it  is  carried 
on  in  an  atmosphere  of  pure  hydrogen  (Meltzer  and  Gics,  1903).  It 
would  secni  tliat  tlu'se  movements  Iiave  a  reHex  inhihitorj*  effect  on  the 
convulsive  centers.  The  view  that  the  oxygenation  of  the  blood  causes 
an  increased  destruction  of  strj'chnin  lacks  sufficient  experimental  sup- 
port. 

The  convulsions  of  hrncin,  thchain.  rmd  caflfein  arc  also  lessened  by 
artificial  rcsprration,  whilst  those  produced  hy  picrotoxin  and  nicotin 
(which  do  not  require  reflex  stimulation)  are  not  affected. 

2.  Effect   of    Strychnin    on    the    Medullary   Centers. — 

Stryclmin  causes  a  stiinnlatinn.  followed  by  depression,  of 
th^  medullary  centers,  particularly  the  respiratory  and  vaso- 
motor center.  The  stiunilation.  like  tliat  of  the  spinal  cord, 
is  pro(]nce<l  by  increased  relltfx  excitability. 

Effect  on  the  Circulation —  The  action  of  strychnin  on 
the  circulation  involves  a  muuber  of  factors:  The  direct 
action  of  strychnin  on  the  vasomotor  and  va^is  centers, 
and  the  indirect  efifect  of  the  convulsions,  of  respiratory 
movements,  and  of  asphyxia.  There  is  also  a  direct  action 
on  the  cardiac  muscle. 

Small  ( therapeutic)  doses  have  only  a  very  slight  effect 
on  the  circulation,  in  normal  animals. 


There  is  at  the  hc«;t  a  rise  of  blood-pressnrc  of  some  twenty  milli- 
meters  of  mercury;  tlie  pulse  may  he  somewhat  slowed.  This  effect 
is  due  to  a  slijjht  central  vasomotor  stimufatinn :  the  heart  muscle  is 
not  affected.  Often  there  is  absolutely  no  effect.  Sphygmo-mano- 
metric  observations  on  the  normal  human  subject,  in  typhoid  fever. 
and  in  many  other  conditions,  have  zUo  been  neg^ative.  for  the  most 
part   (Cabot.   J004). 

Amongst  clinicians,  however,  the  opinion  prevails  very  widely,  that 
str>'chnin  is  a  "cardiac  stimulant."  This  clinical  term  does  not  nece«- 
sarily  imply  that  the  drug  stimulates  the  heart  directly;  but  merely 
that  it  improx'es  the  pulse  (The  expression  is  used  so  loosely,  that 
the  student  is  advised  to  discard  it  altogether.)  In  the  case  of  strydi- 
nin.  this  would  he  an  indirect  result  of  the  rise  of  blood-pressure,  if 
it  occurred  at  all.  In  view  of  the  practically  negative  results  of  all 
exact  methods  of  observation,  the  claimed  beneficial  effect  of  ordinary 
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doses  of  strychnin  on  the  circulation  must  be  considered  as  not  proven. 
Nevertheless,  it  is  conceivable  that,  under  special  conditions  which 
have  not  been  sufficiently  investigated,  the  strychnin  does  have  some 
effect  —  perhaps  indirectly,  by  improving  the  respiration;  or  by  alter- 
ing  the   distribution   of   blood,    without   affecting   the   general   blood- 


^Wl/lkwij/Vl/l/lAMA 


aTBi&  **•  ^-^^f^f*  °f  Strychnin:  The  action  bcftins  at  >'.  A.  B.  and  C  are 
StJ*  Kcwure  tracings  from  dogs.  A  and  B  arc  fxplaincd  in  the  text,  C. 
22' "*•  "f  r*'«»U'"c  afUr  compltU  CMrart  paralysit:  1.  r.,  direct  vasomotor  stiin- 
p™-  0.  Kr^t'ifalory  tracing,  dog  (tracliral  cannula  to  tambour  by  T-piecc). 
£  um  p  Tracing*  Jr«in  isolated  heart  (after  Hedbom):  £,  Stimulant  eflfccti; 
'•  Wr«lrt«  effects, 

P^ure,  These  assumptions  are  purely  hypothetical,  and  need  only 
w  invoked  when  the  beneficial  effect  is  universally  conceded  by 
cliniciam.  As  these  doses  of  strychnin  can  do  lillle  harm,  except  per- 
^P>  in  arteriosclerosis,  there  can  be  no  objection  to  their  trial. 
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Whilst  small  doses  of  stryclinin  have  but  little  effect  on 
the  circulation,  convulsiiY  doses  cause  very  conspicuous 
changes;  especially  a  large  rise  of  blood  pressure,  due  to 
central  vasuniotor  stimulation,  produced  mainly  by  the 
direct  action  of  strychnin  on  the  center:  but  aided  by  the 
convulsions  and  asphyxia.  This  is  followed  by  vasomotor 
depression. 


These  cflFects  are  synchronous  with  the  convulsions:  the  typica! 
course  is  shown  in  figure  46 A;  with  the  onset  of  the  irregular  spasms 
at  (b>  the  mean  pressure  rises  (central  vasomotor  stimulation),  the 
heart  being  slowed  and  strengthened  (central  vagus  stimulation;  sec 
also  FiR.  46  U.  a.).  During  the  Iclanus  (A.  c. ),  the  pressure  is  very 
high  (intense  stimulation  of  vasomotor  center),  the  heart  beats  are 
faster  and  smaller  (reflex  vagus  depression,  mainly  through  muscular 
exertion;  see  also  B.  b).  As  the  tetanus  disappears  (A.  d.)  the 
pressure  falls  below  normal  (central  vasomotor  paralysis),  and  the 
heart  beats  become  very  strong  and  slow  (intense  vagus  stimulation, 
mainly  asphyxia!).  The  phenomena  A  b  to  d  are  repeated' during  each 
spasm. 

As  death  approaches,  and  the  respiration  stops  permanently,  the  pres- 
sure remains  low.  and  the  heart  heats  rapidly  but  weakly  (Fig.  B.  t: 
total  paralysis  of  vasomotor  and  vagus  centers),  and  finally  stops. 
After  a  time,  there  may  be  a  few  slow,  strong  beats,  as  in  figure  47  h. 


This  description  applies  almost  equally  well  to  the  effects 
of  convulsions,  produced  by  any  other  cause;  and  particu- 
larly to  asphyxia  (see  Fig.  47).  These  are  both  present  in 
strychnin  poisoning,  and  must  l>e  c<tntribiiti>ry  factors. 
However,  they  are  not  the  main  cause  of  the  rise  of  blood- 
pressure:  for  this  occurs  when  convulsions  are  excluded  by 
complete  curarization  (  Fig.  46C)  ;  and  when  asphyxia  is 
prevented  by  artificial  respiralinn.  Only  the  portion  (d). 
of  the  tracing  46A,  is  due  entirely  to  asphyxia!  vagus  stimu- 
lation. 


I 


I 


In  curarizcd  animals,  the  rise  in  blood  pressure  occurs  spasmodically, 
and  can  be  brought  on  Hy  reflex  stimulation,  just  like  the  convulsions 
in  ordinary  animals.  Tlie  dose  required  to  produce  the  convulsant 
and  the  vasomotor  action  are  also  identical.  This  supports  the  view 
that  the  action  of  strychnin  on  the  medullary  centers  is  essentially 
iAmntir^]  with  its  aciion  on  the  spinal  centers. 

of  Strychnin  on  the  Heart. —  Strychnin  also  has  some  ac- 
he hrnrt.  at  first  stimnlant :  later  and  with  larger  doses. 
.  (Fig.  46,  E.  and  F. )  The  effects  are  only  seen  when 
ntralions  are  perfused  directly  through  the  heart.  They  arc 
concerned  in  the  therapeutic  aciion,  and  probably  not  even 
*ic  cflfct-t.  Strychnin  is  therefor  not  a  cardiac  stimulant  in 
^ologic  bcnse. 


I 
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The  spinal  vasomotor  centers  are  also  stimulated,   for  injection  of 
Mrjchnin  raises  llie  pressure  after  section  of  the  cervical  cord.     (The 
1        existence  of  spinal  vasomotor  centers  has  bren  denied.) 

The  Respiratory  Center. —  This  is  stimulated  (Fig.  46. 
D)  by  stnxhnin  b<:>lh  directly  and  reflexly  through  increase 
Kn  muscular  work. 

The  direct  increase  in  the  excita!)iiity  of  the  respiratory 
center  is  very  important  therapeutically.  The  activity  of 
this  center  is  normally  extremely  variable,  and  as  a  result 
<"-<!  disease — c,  g.,  asthma  —  or  of  drugs,  the  irritability  of 
the  center  may  be  so  depressed  as  to  cause  absolute  failure 
^'f  respiration,  Strychnin  removes  this  depression  and  en- 
ables the  same  stimuli  to  effect  much  larger  results,  and  in 
this  way  tides  over  a  danger. 


nfr 


init   A7-     \i^^iy\\*   *m    blowlprcssure    (Dog),     ihc  trachea    wa%   tied  at    N. 

«2'l""*"''y   muvctaenls   are  at  first  c^agKeralcd,   but  liecome  Bhallow,   and  itop 

Thr    hi-afT    ■•Tnp"     nf     fg);    Imt    K    often    gives    a    few    ikolateil    heats     (h) 

frni    minuter,      tb    to    e) :    central    vasomotor    stirnul*- 

'    va«ofnuiur   center;    <d   to   g):  centra)   vagus  »timuU- 

I   the  end. 


•^^  i-ariahle  excllahilily  of  the  respiratory  center  explains  why  the 
^^**?  obtained  hy  fsnltless  experiments  arc  not  always  uniform.  In 
!|  j»  (he  useful  simulating  effect  of  strychnin  has  Iwcn  absolutely 
j^^^«!  by  some.  But  most  experimenters  and  clinical  observers  agree 
t  **_  ^ there  is  such  a  stimulation  by  strychnin  and  its  group,  as  also 
^  *^^ffein,  ammonia,  atropin,  and  camphor. 

^^<iTQlytic  Effects, —  The  paralysis  of  the  medullary  centers 
^v  5.p*"^'  ^'^^rd  is  partly  masked  by  the  convulsions,  but 
^iw^Xxs  in  the  inter\als  and  toward  the  end.  It  is  the  usual 
^^^«  of  death  in  mammals,  unless  this  takes  place  during 
^^l^iratory  spasm.  The  respiratory  center,  vasomotor 
^*^^^r,  vagus  center,  and  the  cardiac  muscle  fail  in  this 
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order.     Exhaustion,   asphyxia,   and    the   direct    depressant 
action  of  strychnin  are  all  concerned  in  the  paralysis. 

That  exliaiislion  is  an  important  contributory  factor  is  shown  by 
the  fact  that  life  may  be  greatly  prolonged  by  preventing  the  convul- 
sions through  chloral  or  curare.  The  prolongation  of  life  by  artificial 
respiration  show-i  the  contributory  action  of  asphyxia.  However,  ani- 
mals die  from  large  doses  of  strychnin,  when  exhaustion  and  aiphyxia^ 
are  both  excluded,  in  the  manner  indicated. 

There  seems  considerable  reason  to  believe  that  in  the  frog  the 
paralysis  of  the  central  nervous  system  is  caused  largely  by  the  failure 
of  the  circnlaliun  through  cardiac  pa^alysi^,  but  this  is  not  the  sole 
cause,  for  the  heart  is  often  still  beating  when  the  reflexes  have  dis- 
appeared. In  the  case  of  mammals  death  usually  occurs  before  the 
heart  has  stopped. 

It  must  be  concluded  that  large  doses  of  strychnin  exert  a  direct 
depressottt  action  on  the  medulla  and  cord.  It  is  doubtful  whether 
small  doses  produce  any  depression ;  with  moderate  doses,  it  is  ob- 
scured by  the  stimulation,  the  two  conditions  being  present  at  the 
same  time.  It  is  not  known  whether  the  depression  is  merely  a  con- 
sequence of  the  stimulation,  or  whether  it  is  an  independent  action. 

It  is  ini]H)rtant  to  ])ear  in  mind  that  the  con\*ulsions  are 
not  the  dangerous  element  in  strychnin-poisoning,  but  th& 
paralysis. 

Tetanus  alone  is  not  such  a  dangerous  condition.  Thus,  tetanus 
quite  as  violent  as  that  of  strychnin  has  been  produced,  f  g.,  by  cam- 
phor, without  being  fatal,  and  the  ver>'  severe  convulsions  of  trau- 
matic tetanus  may  last  for  weeks,  whereas  large  doses  of  str>chnin 
may  kill  after  a  single  twitch  or  even  without  any  signs  of  convulsions 
(death  may  then,  however,  be  due  to  cardiac  paralysis). 

This  is  of  great  therapeutic  importance,  since  it  teaches- 
that  remedial  measures  must  be  directed  not  only  against 
the  convnlsi(ins.  as  against  tlie  sulisequenl  paralysis. 

3-  The  effects  upon  llie  brain  have  not  been  sufficiently 
investigatc<l.  Tliis  much  is  certain,  that  they  are  not  very 
great.  There  is  no  eviflence  that  the  motor  or  psychic  areas 
arc  more  excitable.  Consciousness  is  not  I<»st  until  the 
asphyxial  coma. 

Among  the  special  senses  tliere  is  a  well-marked  increase 
in  the  sharpness  and  field  of  vision  for  all  colors,  and  in  the 
olfacton,^  sense,  whilst  the  sense  of  touch  is  but  slightly 
affecte<l.  The  action  is  central ;  in  the  eye  perhaps  also  on 
the  retinal  ganglion  cells. 

(B)  Peripheral  Actions. —  When  used  systcmically. 
strychnin  has  no  action  on  ncn^c- fibers,  nor  striped  nor  un- 
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ifnprd  muscir,  tuir  snisory  cmi-orgaits.  Very  large  doses, 
however,  lessen  the  excital)ility  of  the  latter  in  the  trog.  It 
has  a  curare  action  on  the  endings  of  striped  muscles. 

Tni«i  may  he  seen  in  the  frog,  but  it  develops  too  late  to  show  in 
'■  tTiaU.  Bdlh  strychnin  and  bnicin  paralyze  the  superior  cervical 
k-iif:l;'»n  It  has  nut  been  iinestigated  whether  this  extends  as  well  to 
ilic  t.lher  fvmpathetic  ganglia.  Ilic  effect  upon  the  heart  has.  already 
btm  mrniioncd.  Whether  this  effect  is  on  the  muscle-fibers  or  nerve 
endings  cannot  now  be  stated  with  certainty,  but  it  is  probably  mus- 
cttStr. 

Alimentary  Canal. —  Strychnin  is  often  of  great  benefit 
in  chronic  gastric  and  intestinal  catarrh.  It  shares  this 
actio^i  with  all  other  bitter  substances  (see  Chapter  XXX). 
F'lr  this  ]c>cb\  effect,  the  Galenic  preparations  of  nux  vomica 
arc  superior  to  the  pure  alkaloid,  since  they  are  not  so 
quickly  absorbed. 

Strychnin  is  also  useful  in  atonic  constipation,  especially 
\^  it  is  use<I  in  cntijiniction  with  mild  cathartics.  The  effect 
\^  y^erhaps  explained  by  an  increased  tone  of  the  centers 
which  control  intestinal  moV^cmenls. 

^cii«n  on  Invertebrate*.— The  effects  of  strychnin  upon  animals 

■^fioitl  nt  .1  -rtutral  rervmis  system  have  not  Itecn  sufficiently  !itudicd. 
T.'\  iVio^.;  (».-.. -casing  nervous  structures  are  affected  I>y  it.  Ameboid 
nu'vemctui,  i»s  aUo  gas  fonnaiion  by  yeast,  etc..  are  inhibited,  but  much 
^Tg«T  <l(»?es  arc  necessary  than  are  required  of  quinin. 

IV.  ABSORPTION.  ETC. 

^^n,*<*»nin  is  readily  and  quickly  absnrl>e<l.  mainly  from 
ln«  intestine,  h  is  probable  that  the  stt>mach  partakes  in 
">*  abvirptinn  in  man.  although  this  is  not  the  case  in  tlie 
fiUiit  The  excretion  begins  quickly,  but  lasts  for  a  long 
*"^  1 2  to  8  days).  It  takes  place  by  sweat,  saliva,  bile, 
and  especially  urine. 

^■**— The  excreted  strychnin  is  unclianged.  Part  of 
'I*  I*<|i,^on.  however,  undergoes  destruction,  probably  oxida- 
l^'n.  in  the  body.  The  poison  is  retained  for  a  long  time 
tn  Ibf  liver  and  central  nervous  system.  It  is  not  destroyed 
"*"**  alimentary  canal  (Hatcher.  1904). 

-^•^fbnln  \K  injected  into  the  li«atured  limb  of  a  puinea  pipf.  the 
™*  "ftct  i*  con<iiderably  dimini«;hcd  when  the  poison  is  admitted 
^  "'  ^fculaiion  after  several  hours,  by  the  removal   of  the  ligature. 
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This  is  due  to  the  very  slow  absorption  of  the  sto'chnin  through  the 
obstructed  circulation ;  a  considerable  portion  of  the  strychnin  disap- 
pearing (by  elimination  or  destruction)   whilst  the  ligature  is  intact. 

Susceptibility —  Continued  administration  of  strychnin 
does  nut  lead  tu  tolerance,  but  seems  rather  lu  increase  the 
susceptibility  to  its  action. 

Cliiidren  are  comparatively  insusceptible,  whereas  it  is  a 
dangerous  poison  for  old  people,  on  account  of  the  frajuent 
existence  of  atherotna  or  fatty  heart,  leading  to  rupture 
through  the  increased  blood-pressure. 

Different  animals  show  a  varying  degree  of  su!iccptibtlity.  WitW 
subcutaneous  administration,  man.  cats,  and  dogs  require  about  ili^ 
same  dose,  per  kilogram,  to  produce  a  fatal  effect;  rabbits  are  slightly 
more  susceptible,  (ininea  pigs  and  frog*,  require  about  6  times,  an^ 
snakes  iS  times,  this  dose.  With  the  frog,  the  spasms  appear  wici'ft 
one-sixth  the  fatal  dose;  with  the  guinea,  they  only  set  m  when  saa 
least  95%  of  the  fatal  dose  has  been  given. 


V.  DIFFEREN'CES  IN  THE  NUMBERS  OF  THE  SERIES. 

The  description  of  the  actions  of  strychnin  applies  also  to  bruc 
thebain,  gcUemin,  and  calobarin.  Brucin  occurs  with  strychnin  in  n 
vomica:  its  action  is  much  weaker,  the  ratio  varj*ing  somewhat  w 
different  animals.  The  paralytic  and  curare  effects  are  comparaiiv 
more  pronounced,  so  that  brucin  is  less  useful  therapeutically. 

Tetanus  toxin  also  produces  a  convulsant  action  on  the  spinal  cc=^ 
which  is  practically  identical  with  that  of  strychnin.  The  paralytic  ^9 
tion  is  less  pronounced.  The  action  devclopes  more  slowly  (on  ^3 
count  of  the  slow  absorption,  and  probably  by  the  existence  of  - 
incubation  period)  and,  if  the  introduction  of  the  toxin  occurs  by^ 
wound,  the  tetanus  is  at  first  localized,  and  spreads  only  in  the  cou  «^ 
of  some  days.  This  is  also  due  to  the  slow  distribution  of  the  to)c* 
which  appears  to  be  conveyed  to  the  spina)  cord  along  the  nen^'^ 
Another  important  difference  is  that  tetanus  toxin  leads  to  the  prod*J< 
duction  of  an  antitoxin. 


Relation  to  Otiier  Groups —  By  its  action  on  the  c^'^" 
tral  nervous  system,  strychnin  resembles  caffcin  and  picr^' 
toxin,  the  difference  consisting  in  the  portion  of  the  central 
nervous  system  mainly  affected.  The  increased  irritability' 
of  the  spinal  cord  connects  it  with  morphin,  its  action  on  th^ 
endings  of  the  striped  muscle  with  curare,  (A  derivati^'^ 
of  str^xhnin.  methyl-str\'chnin.  is  a  member  of  the  curar^ 
group.)  The  action  on  the  cer\'ical  sympathetic  ganglior^ 
is  allied  to  that  of  nicotin.  The  cardiac  paralysis  is  com — 
ion  to  many  poisons. 


SYMPTOMS   OF   STRYCHNIN-POISONING. 
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VI.  TOXICOLOGY- 

Time  of  Appearance  of  Symptotns. —  The  symptoms  do 

not  often  appear  before  fifteen  minutes,  nor  are  they  often 

delayed  beyond  half  an  h'Hir,  but  in  one  case  an  hour  and 

three-quarters  elapsed   before  the  symptoms  l^egan.     The 

time    will    depend    upon    individual    differences,    upon    the 

manner  of  introduction. —  if  into  the  stomach,  whether  this 

IS  full  or  empty,  and  upon  the  nature  of  the  food,  if  any  is 

present. —  upon  the  place  of  introduction  (  hypodermically. 

etc.).  and  upon  the  preparation  of  the  poison  employed. 

The  alkaloid  will  act   faster  tlian  the  tincture,   and  these. 

3gain.  faster  than  pills. 

First  Synnptonis. —  The  symptoms  may  start  with  a  feel- 
ins  ^^  uneasiness  and  a  heightened  reflex  irritability  (ncr- 
x-<"»usnc&s)  :  then  comes  a  sensation  of  tightening  and  draw- 
ing in  the  lower  jaw.  or  there  may  l>e  a  twitching  of  the 
lit-tlc  finger.  These  symptoms  are  the  most  that  should  be 
produced  with  therapeutic  application. 

3n  case  any  portion  of  the  Ixxiy  is  paralyzed  from  a  high 
Acsion,  this  part  may  be  the  first  to  show  the  spasms. 

^dt'anced  Sytnpfoms. —  With  large  doses  these  prodro- 
TTxa!  symptoms  are  usually  absent,  and  the  attack  often  be- 
gins suddenly,  with  a  cr\'  or  shriek,  which  is  usually  caused 
mechanically  by  convulsive  movements  rather  than  by  pain. 
'This  is  followed  very  quickly  by  the  characteristic  convul- 
sions.   The  patient  is  thrown  into  general  convulsions,  at 
*^^-'  clonic  and  then  tonic.     Opisthotonos  *  results  from  the 
Mction  <ti  the  extensors.     The  patient  will  touch  the 
-'    nul  with  his  head  and  feet,  the  rest  of  the  body  lieing 
'■^.cil  above    the    tloar.     The    feet    are    curved    inward. 
iHesc  conditions  do  not  persist,  but  pass  into  clonic  spasms 
*M  Soon  an  intermission  ensues. 

T^c  respiration  during  the  attack  is  at  first  labored  and 
'^y^pncic,  and  then  ceases  by  the  spasmodic  contraction  of 
^"^  fliaphragm.  The  abdomen  and  chest  may  become  as 
^  as  a  board.  The  patient  may  foam  at  the  mouth  on 
"^tttit  of  the  disturbed  respiration.  The  interference  with 
"jc  circulation  and  the  pressure  on  the  abdominal  viscera, 
'"Why  the  stimulation  of  the  respective  medullary  centers, 
"^  lead  to  purging  and  vomiting.     Lock-jaw  and  risus 

'*  O^MtA«|0iMM.  thr   iMxly  if  arched  backward;  in   emfrrasthotonos,   forward. 
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sardonicus  may  occur  later.  The  interference  >vitli  the 
respiration  leads  to  asphyxia,  and  this  to  cyanosis,  dilatation 
of  the  pupils,  and  later  coma.  The  pulse  is  small  and  tense. 
The  patient  is  perfectly  conscious  and  usually  suffers  ex- 
cruciating pain.  In  a  few  cases  this  may  be  absent  on 
account  of  ih  eanesthetic  effects  of  asphyxia.  Great  thirst 
is  a  common  symptom. 

These  spasms  are  interrupted  by  intermissioits,  during 
which  the  stimulation  symptoms  disappear  entirely  and  are 
supplanted  by  general  depression.  Suddenly  the  attack  is 
repeated  as  l^efore.  The  numl^er  of  seizures  is  variable. 
Three  or  four  are  usually  fatal.  The  duration  of  the  spasms 
and  of  the  intervals  differs  according  tn  the  severity  of  the 
poisoning.     They  become  shorter  toward  death. 

Death. —  The  patient  usually  dies  in  ten  to  thirty  minutes 
after  the  first  attack,  either  during  a  spasm  or  in  the  interval: 
if  the  fomier.  thniugh  fixation  of  the  respiratt»ry  muscles; 
if  the  latter,  through  paralysis  of  the  medullary  centers. 
Death  by  strychnin  is  characterized  by  early  and  often  jjer- 
sistent  rigor.  (This  is  common  to  all  forms  of  convulsions 
and  is  perhaps  due  to  the  increased  production  of  acid.) 
The  postmortem  appearances  are  those  of  asphyxia  ami 
violent  con\idsions:  venous  congestion,  often  hyperemia  uf 
the  central  nervous  system,  and  small  hemorrhages;  in  a 
few  cases  hyperemia  of  the  alimentary  tract. 

Differential  Diof^itosis  of  Stryehnin-poisotiittf^, —  Strych- 
nin tetanus  may  be  confused  with  traumatic  tetanus,  spinal 
meningitis,  epilepsy,  or  hysteria.  Traumuiic  tetanus  is 
characterized  by  previous  malaise  and  slow  development. 
The  convulsions  begin  in  the  jaw.  The  muscles  remain 
rigid  in  the  intermission.  The  course  is  ci»mparatively 
slow.  Strychnin  tetanus  may  also  begin  in  the  jaw,  but 
not  as  markedly.  In  rare  cases  of  strychnin  pftisoning  the 
muscles  also  preserve  their  rigidity  during  the  interval,  so 
that  the  diagnosis  is  sometimes  impossible.  When  in  diuiht. 
strjxhnin  treatment  should  be  used,  as  it  Is  l>enericial  in  all 
similar  conditions.  The  course  of  the  case  will  clear  up 
the  diagnosis. 

Tn  spinal  meningitis  the  diagnosis  may  l)e  made  by  the 
fever  and  history,  and  signs  of  injury  to  the  vertehrre  can 
generally  l>e  discovered.  Epilepsy  differs  by  the  loss  cif 
Consciousness;  the  reflexes  are  normal.     In  certain  cases 
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of  hystt^ia  the  fiiagnosis  may  he  impossible.     Such  cases 
shtailcl  also  be  treated  as  for  strychnin. 

Treatment  of  Strychnin -poisoning.' — Chcmic  and  £»iWiV. 
—  This  must  be  very  i)runi]>t  <pn  account  of  the  rapid  ab- 
sorption. 

Permanganate  or  iodin  (sec  p.  go)  are  preferred;  tannin  may  be 
»i-vd,  but  not  m  the  form  of  coffee. 

EvacuatioH  may  he  employed  in  mit4  cases.  Emetics  act  too  slowly 
and  are  tiWJ  depressing,  so  that  the  >loniacIi-tube  would  t>t'  preferred. 
nsiFig  the  chemic  antidotes  by  lavase.  if  the  symptoms  arc  severe. 
evacuation  wonld  he  too  late  to  do  any  good»  mid  could  even  be 
kta-mfu!  by  starting  the  convnlsions.  It  should  never  be  used  if  the 
pinent  struggles,  since  perfect  quiet  is  of  the  greatest  imf'orlatice. 

For  physiologic  treatment,  the  most  useful  antidotes  are 

the  members  of  tlie  group  of  hydrtKarixm  narcotics :  chloral. 

parnldehyd.  or  chloroform.     They  have  all   been  afhised. 

Chloral  is  given  in  doses  of  2  Gm.  ( J/S  drachm),  with  the 

addition  of  another  gram   (15  grains)   after  half  an  hour 

nr   longer,   as  necessary.     There  is  always  the   rlanger  in 

giving  this,  that  its  paralytic  effects  may  coincide  with  those 

tif  the  strychnin,  and  thus  increase  the  danger.      For  this 

reason  chloroform  Is  considered  the  best,  since  its  action 

can  be  very  largely  controlled.     Morphhi  should  be  avoided, 

and  only  used  in  emergency.     Its  effect  upon  the  brain  is. 

'■f  course,  antidotal  to  the  strychnin,  but  this  is  of  little 

iinpoTtance.  and  on  the  other  hand,  it  is  likely  to  increase 

the  reflex  excitability  of  the  spinal  cord  and  thus  add  its 

effect  to  that  of  strychnin.     Its  depressing  action  <\v\  the 

f<^pirati(m  is  also  certainly  undesirable.     Nicotin   was  at 

'»ne  time  recf)mmencled.  but  thorough  tests  have  shown  that 

'1  's  useless,  as  might  well  be  predicted   from  its  action. 

Pilocarpin  is  also  useless. 

•'^Ttiiidal  respiration,  as  well  as  the  inhalation  of  oxygen, 
''Mid  lie  begim  early,  since  this  has  been  proved  to  be  a 
ni'>5t  efficient  treatment. 

^Hs  claimed  as  a  result  of  animal  experiments  that  the 
application  of  extemal  heat  decreases  the  mortality. 

T'^ie  fatal  dose  is  stated  as  '<5  to  i  V2  grains  {  0.030  to  o.i 
^^"•1.  the  former  being  the  smallest  fatal  rtuantity  recorded. 


but 


1  / 


2  grain  in  a  woman  has  given  violent  results.     How 


ever,  even  4  grams  have  been  recovered  from  in  cases  where 
appropriate  treatment   was  used.     As   much   as   §   grains 

ToiHult   ExrrciM    2') 
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(0.04  Gm.)   is  sometimes  administered  three  times  a  davi 
for  therapeutic  purposes:    This  practice  is  disiincily 

gcroiis. 

VII.  THERAPEUTICS. 

The  principal  effect  of  strychnin  is  upon  the  »pinal  centers, 
and  this  is  made  use  of  in  various  ways: 

1.  General  Tonic. —  Its  tonic  effect  may  be  explained  in 
two  ways.  First,  by  its  producing  an  increase  in  the  mus- 
cular tone.  This  increase  of  tone  produces  a  more  healthy 
feeling-  in  the  patient.  Secondly,  its  effect  upon  the  ali- 
mentary canal  improves  the  api?€tite  and  digestion. 

Consequently  strychnin  as  a  tonic  sbould  be  given  in  the  form  of  the 
preparations  of  nux  vomica,  the  tincture  being  especially  desirable.  Et 
is  used  in  this  way  against  marasmus,  tuberculosis,  chronic  gastric  or 
intestinal  catarrh,  etc. 

2.  Paralytic  Disorders. —  We  repeat  that  stn,*chnin  only 
increases  the  excitability  of  existing  structures.  It  cannot, 
therefore,  be  of  any  use  in  organic  lesions  of  the  cord.  It 
may  be  of  use  in  functional  lowering  of  the  activity  of  the 
cord, —  c.  g.,  lead-poisoning,  or  sometimes  in  diphtheritic 
paralysis.  It  is  especially  useful  in  nervous  lesions  above 
the  cord; 

For,  by  stimulating  the  latter,  it  will  preserve  the  tone,  and,  conse- 
quently, the  nutrition  of  the  muscle<i.  and  in  this  way  may  temporarily 
prevent  their  atrophy  while  the  higher  lesion  is  being  repaired.  For 
this  purpose  it  will  give  the  best  results  when  used  conjointly  with 
massage  and  electricity.  In  some  way  it  also  lessens  the  pain  in  older 
paralyses. 

3.  Other  Reflex  Spinal  Centers. —  The  lower  centers  of 
the  cord,  especially  the  sphincters  of  the  bladder  and  rectum, 
arc  put  into  better  condition  by  strychnin,  and  it  is,  there- 
fore, useful  in  certain  forms  of  incontinence  of  the  feces 
and  urine. 

Incontir>ence  of  the  urine  may  also  be  due  to  overaction  of  ihe  de- 
trusor urini,  in  which  case  atropin  would  be  indicated. 

The  stimulation  of  the  spinal  conl  also  explains  its  effects 
in  impotence. 

4.  The  stimulant  effects  of  strychnin  on  the  medullary 
centers  is  utilized  in  conditions  in  which  these  are  depressed: 
I,  r..  in  shock  and  collapse.     Opinions  as  to  its  value  differ. 
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These  conditions  arc  characterized  by  depression  of  the  vasomotor, 
respiratory  and  vagus  centers,  1.  *•.,  by  rapid  soft  pulse  and  slow  or 
shillow  respiration.  The  phenomena  are  precisely  the  opposite  of 
ihose  of  the  typical  effects  of  convulsive  doses  of  strychnin.  However, 
Ibe^e  large  doses  arc  not  applicable,  for  the  stimulation  is  succeeded  by 
drpre^Mon  whidi  adds  itself  to  the  exciting  collapse,  and  proves 
promptly  fatal. 

The  doubtful  effect  of  therapeutic  doses  has  been  discussed  on  page 

'4ii      I'&eful   results  have  been  claimed  in  surgical  collapsr.  at  least  in 

'V    milder  cases;*  in  the  collapse  of  fevers;  in  poisoning  by  alcohol, 

OHr^fktsia,   the  cool-tar   derivatives,   etc.     Recent   experiments    sugge^^t 

tint      it  may  be   useful  to  admini<ler  strychnin   just  before  oHcsthesia. 

i*  it      lessens  the  tendency  to  respiratory   paralysis,   without   interfering 

*it^m       the  anesthetic  action.     Very  good   results  are  claimed    in  snake- 

^ois-^*-  Ming.     Nux  vomica  has   long  been  used  by  the  natives  of  Ceylon 

for     «  liii  purpose. 

S«  «-3chnin  is  not  so  useful  against  depression  by  morphin-poisoning, 
for    « I^c  fame  reason  that  prohibits  morphin  as  an  antidote  in  strychnin. 
"n-B^Dic  who   regard   sea-sickness   as   a   collapse    condition,    have  also 
crop  J  <z>jred  it  here,  but  its  benefits  are  doubtful. 

Sr  ■"3chnin  may  also  be  beneficial  in  circumscribed  z'as**motor  dis- 
tmrif^x  9tccs.  t*  g..  in  hemicrania.  //  should  not  he  used  in  heart  diseases; 
f or  ■  tf^    it  has  any  action,  it  increases  the  work  of  the  heart. 

5"      The  useful  effect  of  strychnin  in  acute  alcoholic  poison- 
iKf     ^as  suggested  its  eniploynient  in  the  chronic  form. 

^'^  usefulness  here  will  var>'  according  as  to  whether  there  is  in- 
€n^^^^\  or  dnninished  excitability  of  the  cord,  cither  of  which  may 
exist.  In  ^^^  laitcr  case  it  is  indicated,  both  on  account  of  the  greater 
r^'^'^'^.tion  of  the  muscles,  and  the  gastritis.  In  the  former  it  would  be 
o**'^!  only  a«  an  appetizer,  an  effect  which  may  be  attained  equally 
TOi  %>>  Mmple  bitters  (sec  Chap.  XXX,  A)  without  further  increasing 
t»«  ^t>inal  irritability. 

^-  The  action  of  strychnin  on  the  respiratory  coiicr  is 
njucf-j  more  certain  than  its  vasomotor  effect.  It  has  been 
fourjcl  useful  in  all  cases  of  respiratory  failure,  whether  by 
*iirec-t  depression  or  by  fatigue  of  the  center.  When  death 
^^i^^s.  imminent,  it  is  justifiable  to  push  the  strychnin  until 
twitc^Kiing  of  the  finger-tips  occurs.  It  shoultl  never  be 
continued  beyond  this  stage,  for  the  danger  of  producing 
str)*c|-|nin  paralysis  is  great. 

.  ^  ^  nce<I  only  allude  to  the  use  of  strychnin  in  dimitxishcd 
x^M<zi  actxrity.  It  undoubtedly  improves  this,  but  its  ef- 
fects  ar^.  ojiiy  temporary. 

**"      of  2  to  3  mg.   is  required   to  produce  this  effect.     The  ac- 
tUo  be  obtained  by  the  application  of  a   1%  solution  to  the 

^m.  J**,P^f"vnd  •urvical  shock,  the  vaaomotor  center  »  pamlywd  10  conpletely 
■•  *    outft  pot   re«pond  ercn   itrnporarily   to  tetanic   dcwe*  of  ttrychoin. 
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Strychnin  is  stated  to  be  occasionally  effective  in  reducing  the  poly- 
uria of  diabetes  ittsiptdus.  There  is  tio  pharmacologic  explanation  for 
this  action,  if  it  exists. 

On  the  whole,  stryc/iuin  must  be  looked  upon  only  as  a 
temporary  remedy.  It  must  be  remembered  that  it  docs 
not  in  any  way  permanently  improve  the  condition  of  the 
central  nervous  system,  nor  iV\^<^  it  increase  any  of  the 
fimctiiins  except  the  reflex  irrilnbility.  It  is  doubtful 
whether  the  permanent  maintenance  of  this  artificially  raiseii 
irritability  is  ever  of  l>cnctit.  Hut  that  its  temporary  action 
in  bridging^  over  the  time  required  for  reparative  processes 
is  extremely  useful,  belongs  to  the  best  established  facts  of 
mcxlern  therapeutics. 


I 


I 


Vin.  MATERIA  MEDICA.' 

Nux  Vomica  (U  S.  P..  B.  P.).— The  seed  of  Strychnos  Xus  Tcm- 
ica,  Loganiaccx,  East  Indies. 

Contains  about  2.5%  of  alkaloids,  of  which  VS  to  T^  is  strychnin 
(not  less  than  1.25%  U.S.  P.),  and  tlic  rest  mainly  briicin.  Tannin, 
fat,  gum.  etc.,  are  also  present. 

The  drug  was  unknown  to  the  ancients,  and  was  probably  introduced 
by  the  Arabs.  The  first  good  description  occurs  in  1540.  Strychnin 
was  discovered  in  1818. 

The  h.nrk  contains  the  same  principles  in  less  amoimt,  hut  relatively 
more  hrncin.  It  was  formerly  found  in  commerce  under  the  name  of 
"false  aiigoslura."  Several  arrow  poisons  are  also  derived  from  the 
genus  Strychnos,  especially  the  L'pas  Ticute  from  Java.  Some  uf  the 
strychnos  species  do  not  contain  any  active  principle. 

Nux  vomica  also  contains  a  small  quantity  of  a  thfrd  alkaloid,  igasu- 
rin.  which  has  not  been  very  greatly  studied,  but  which  seems  similar 
to  strychnin. 

Dose:  0.03  to  0.3  Gm.   (^.^  to  5  grs.)   (0.065  Gni.  =  r  grain.  V  S  P).  M 
Prcparatiottt    (all   miscible   with   water  or  alcohol.     Made   with    three-  H 
quarter  alcohol  and  acidulated)  ; 
Tincturo  Nin'is    I'ottiiccr.  U.  S.  P.    (to'J^=o.i%   strychnin),   B.  P.: 
0.22%  alkaloids.    Dose:  0.3  to  1.2  c.  c.   (5  to  20  ill)    (06  c.  c.= 
10  m.  U.S.  P.). 
Fluidextractum    Nucis    t'omias,    U.  S.  P.:     l%    strychnin.     Dostr— 

0.05  to  0.25  c.c.  (I  to  41^)  *^o.05  c. c.  =  1  TTV,  V.  S.  P.). 
Extractum    S'ucis    I'omicir.    V.  S.  P.    and    B.  P. :    5%    Mrydinti^^ 
U.  S.  P.     t)05e:   o.oi   to  0.06  Gm.    (V«  to  i   gr.)    (0.015  Gm.=:a=^ 
54  grain). 
*lrfiiitU — The  seed  of  Strychnos  Ignatia.  Philippines. 

•%    to    1.5'^c.     Brucni.   0.5%    to    1.4%.    Tannin,   ^^| 

se:  ao3  to  0.2  Gm.   (l'^  to  3  grs.). 

:.  P..   B.  P.).— C.,H„N,0»  — Alkaloid  derived     ^rom 
Uinaniacese.     Soluble  in  6.400  parts  of  wate*- 
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alcohol,  5.500  ether,  6  chloroform.  Sto'chnin  and  its  salts  occur  as 
colorless  crystals  or  white  powders.  The  taste  is  intensely  hitter,  per- 
ceptible in  I  :  700.000.  Strychnin  sails  have  the  usual  alkaloidal  in- 
compatibilities, and  arc  al!>o  precipitated  by  iodide  and  bromids.  Their 
^o*c  IS  from  i  to  5  nig.  ('/•»  to  Vu  gr.)  U  mg.  =  V«  gr..  U.S.  P.). 
The  following  salts  arc  official : 


Sulphate   (U.S.  P..  B.  P.).  Str.H.SO.  +  5H.O 
Nitrate   (U.S.  P.),  Sir.  HNO. 

HydrcKhlorid    (B.  P.).         Str.  HCI 


I  part  soluble  in 
water     alcohol 

31  65 

42 

60 


120 


ffrri  ft  Strychnine  Citras  (U.S.  P.):  i%  strychnin.  Dose:  0.06 
to  0.3  Gm.  (I  to  5  grs.)    (0.125  Gm.  =  j  grains,  U.S.P.). 

I-iquor  Strychnini  Hydrochloridi  ( B.  P.)  :  (i%.)  Dose:  o.i  to  0.3 
CO    (2  xo  5  ni). 

£.\ixir  Ferri.  Quinintr  et  Strychni»fr  Phospkatum  (U.  S.  P.). 

CrlycfHtum   ferri,  Quinintr  et  Strychnine  Phosphatum    (U.S.  P.). 

The    dote  =  Elixir:  A  c.c.^i^.  Glycentum:  i  c.c. ^15111.. 

grains.  miltigrams.  grains. 

V«  0.8  '/, 

Vi  104.  I  ^ 

I  8a  i7. 


doie  =  Elixir:  4  c.  c.  =:  ix 

Contains :  milligrams. 

Strychnin    1.5 

Quinin    35. 

Ferri  Phosphate. . .  .70. 


. 


*  Liquor  StrychniHtr  Acetatts,  N.  F.  (Hall's  solution):  0.2%   (acidu- 
lated). 
•Brucin,  CMn^ iO%~ Dose:  s  to  jo  mg.  (Vu  to  Vi  gr.). 


(B)   CAFFKIN  GROUP. 
I.  MEMBERS. 


^*ie  members  of  this  group  are  chemic  derivatives  of  purin.  or  of 
jonihin  (=dir.xyptirin)  They  exist  in  plants;  as  products  of  meta- 
wiisin    ^^  animals    (uric  acid,  guanin,  adenin.  hypoxanthin,  heteroxan- 

'^:  Paraxanthin,  etc.)  ;  and  can  also  be  obtained  synthetically, 
f    "^    composition    of   caffein    is    shown    by    the    following    structural 
lormul^  (Erail  Fischer): 


")»^C(6) 

FURIN 

X.ANTHIN 

HN- 

-CO 

CHiN-CO 

''f<*>t-Nt7) 

oh 

<i-N  H 

06     d;  -  NCH 

1 

1 

CH 

1    1 

HN- 

-C-N 

CH.N-C-N 

f<)    (9) 

CH 


ton^*^Jn  is  derived  from  purin  by  the  introduction  of  two  oxygena- 
(,\  *n  the  positions  (2)  and  f6) ;  and  four  H  atoms  in  the  positions 
'Cli  v^^*  ^7^'  ^"*^  ^^*'  '^^*^  ^^^^  three  may  be  replaced  by  methyl 
cj^  *'.  as  in  caffein'  (trimethyl  xanthin),  Three  dimethyl  xanthin 
S^p    **«st:     1.3    (Theophytlin) ;    1.7    (Paraxanthin)  ;    and   3.7    {Theo- 

All 


to  -J    *h«  soluble  xanthin  derivations  exhibit  the  actions  of  the  group 
^»nc   degree. 


*^T.c. 


allHlnM  of  lea.  formerly  called  tttein,  is  Identical  with  cafFein. 
I— II 
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The  therapeutically  most  important  members,  calTeiii  aiid  thcobromin, 
arc  found  in  plants  of  at  least  six  families,  which  are  scattered  over 
many  portions  of  the  globe,  and  have  usually  been  discovered  and 
consumed  by  the  natives.  A  list  of  the  most  important  will  be  fotind 
under  the  materia  mcdica. 


II.  SUMMARY   OF  ACTIONS. 


J 


1.  Increase  of  the  reflex  irritability  of  the  central  nervous 
system  froin  above  drtwiuvanl.  leading  to  a  stimulation  of 
the  psychic  area,  then  nf  the  vasomotor  and  respiratory 
centers,  and  later  to  lieig;litened  reflexes  and  tetanic  con- 
viilsittns.  In  large  doses  this  stimulation  is  followed  by 
paralysis. 

2.  Increased  ease  of  muscular  contraction,  progfressing- 
to  loss  of  elasticity  anrl  to  rigor  ( with  skeletal  and  cardiac 
muscles). 

3.  Diuresis,  pmbably  by  direct  stimulation  of  the  renal 
epitheliiun, 

in.  DETAILS  OF  ACTION. 

(A)  Central  Nervous  System.— 1.  The  members  of  the 
series  lead  tu  a  heij^'hteiiiii^'  of  ner\(His  activity,  first  shown 
in  the  hijrhcr  psychic  functions.  This  is  most  promtnent 
with  caffein,  other  members  showing  a  more  conspicuous 
paralysis. 

There  is  a  clearer  and  quicker  fl<^w  of  thonj^ht.  disap- 
pearance of  drowsiness,  more  sustained  intellectual  effort, 
more  efficient  appreciation  of  sensory  influences  of  all  kitiils, 
especially  in  fatigue,  and  more  perfect  association  of  ideas. 

With  larger  doses  (0.5  to  1.5  Gm.)  this  passes  into  wake- 
fulness and  restlessness,  vertigo,  headache,  and  tinnitus 
aurium.  With  extremely  large  doses  this  may  pass  into 
delirium,  and  finally  coma. 

In  lower  mammals  the  cerebral  effect  is  shown  by  rest- 
lessness. In  the  frog  there  are  no  symptoms  referable  to 
the  brain.  ■ 

2.  Action  on  the  Medullary  Centers. —  The  effects  of  ■ 
caffein  on  the  medulla  resemble  closely  those  of  strychnin. 
The  stimulation  is  on  the  whole  weaker,  but  more  prolf)ngcd. 
The  vasomotor  stimulation  especially  is  less  pronounced. 
The  vagus,  and  particularly  the  respiratory  stimulation 
(Figs.  48  and  50  D).  are  relatively  more  protninent.  The 
subsequent  depression  of  the  centers  is  less  marked,  even 
when  large  doses  are  used.     (The  effects  on  the  vasomotor 
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and  vagus  centers  will  be  described  in  detail  in  connection 

th  the  circulation.) 

3.  Spinal  Cord. —  The  effects  upon  the  spinal  cord  also 
resemble  strychnni,  except  that  they  are  very  much  smaller 
and  occur  only  with  relatively  large  doses.  There  is  the 
same  increased  reflex  irritability,  then  tremors,  and  rtnally 
tetanus.  This  tetanus  shi>us  tiie  same  intermittent  cluirac- 
ler  as  that  of  strychnin,  and  also  involves  the  respiratory 
muscles  in  the  same  manner.     It  occurs  both  in  mammals 


Plf.  4I.—  Effect  of  uffein  on  respiration    (don)  in  half  natural  tice   (ukcn  Irom 

intact    clicst. 


IS   a   ihffcroncc    in    ll»c   reaolion   of   different  species  of  froRS 

m.    The  cscnlcnta  is  thrown   into  lypica!   tclanns.   whereas  the 

prmiariiy    into    rigor.     The    distinction    i^,    however, 

qufttiti*  T   than   gualitalivc,  since   large   (]o^c*>   will   cause   pri- 

-.ic  esciilcnla  also. 

m   a   (L-reatcr   tendency    to  riRor  existinR   in    the   muscles 
»rarta,   for  theitc  are  also  tnorr  subject  to  other   forms  of 
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Caflfcin  is,  therefore,  a  striking  illtistration  of  the  different  cffccU 
which  may  be  observed  on  the  intact  animal,  since  it  may  produce 
in  frogs  death  in  three  diflferent  ways  according  to  the  strength  and 
manner  of  itb  administration :  The  frog  may  die  without  any  symp- 
toms, through  total  collapse  from  cardiac  paralysis,  or  it  may  be 
thrown  into  spasms  through  the  stimulation  of  the  spinal  cord,  or 
it  may  be  overtaken  by  rigor  through  the  action  on  the  muscles. 

The  tetanus,  like  that  of  str>'chnin.  is  located  in  the  spinal 
cord. 


This  tetanus  is  the  only  syminum  with  frogs.  The  dose  required 
for  mammals  is  considerably  larger  ihan  that  necessary  to  give  a 
vasomotor,  cardiac,  or  dinrclic  ilTcct.  Whereas  for  the  latter  20  mg. 
per  kilo  are  ample,  xt  nig.  will  only  cause  tremors,  and  convulsions 
will  not  develop  until  80  mg.  have  been  given.  Still  larger  doses 
paralyze  the  heart  or  the  whole  central  nervous  system. 

In  the  intact  frog  the  paralysis  of  the  cord  is  obscured  by  the  rigor. 
It  can  be  demonstrated  by  ligating  a  leg  exclusive  of  the  nerve, 
when  cafTcin  will  destroy  its  reflexes,  although  the  muscles  arc  still 
excitable. 


P'k-   49- ~~  Eff'cf   at    Cafft'tn   on   dtAtrocHrmtus  mmsclr  of  frag.- 

traciac; after  dvc  minutes  in  1:10000  caffein  wlution;     . 

solution. 


—  fiomal 
in   1:1000 


(B)  The  Effect  on  Skeletal  Muscle*. —  ( See  Fig.  49  and 
Exercise  45).  Caft'ein  increases  the  contractiHty  of  all 
forms  of  muscle.  Small  doses  increase  the  functional  ac- 
tivity of  the  skeletal  muscle,  in  all  its  phases:  a  lesser  stimu- 
lation will  suffice  to  produce  contraction;  the  height  and 
rapidity  of  contraction  are  greater,  a  larger  weight  can  be 
lifted;  fatigue  is  lessened,  aiul  a  greater  amount  of  work 
can  be  performed.  Somewhat  larger  doses  have  the  oppo- 
site effect.  This  is  shown  in  a  lengthening  of  the  contrac- 
tion very  similar  to  that  produced  by  fatigue;  1.  r.,  the 
lengthening  shows  at  first  in  the  relaxation,  later  in  the 
contraction  as  well.  The  other  phenomena  of  fatigue  are 
also  present :  The  height  of  the  contraction  is  less,  the  max- 
imal load  is  smaller,  and  the  muscle  is  exhausted  more 
cjuickiy  by  tetanus  than  is  a  normal  muscle. 
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The  contraction  then  Ijecomes  smaller  and  smaller, 
the  muscle  gradually  passes  into  rigor. 


and 


This   incTCJ-ie   and   diminution   of  the    functions   bears  so   striking   a 
rescnihl:ince   to  the  phenomena  of   work   and    fatigue  as  to  suggest   a 
:'r»nccti<>n  between  the  two.     It  is  possible,  although  not  demonstrated, 
lat  fatigue  i^  partly  due  to  an  accumulation  of  xanthin  product!^. 

The  rigor  resembles  that  nf  rigor  mortis  in  all  respects: 

T"He  muscle  is  hard,  opatjnc,  granular  on  miscroscopic  ex- 

inaiion,  acid  tn  litmus  paper,  etc. 

Tliis  rigor  may  \)c  profluced  in  living  animals  by  injection 

of    sufficiently  concentrated  solutions,  as  also  by  chloroform 

r»<:i  a  few  other  substances. 

-'^^  II  of  the^e  favor   the   cloUing   of   muscle-extract.     It   will   not  do, 

^'^^^vcr.  to  accept  the  latter  as  the  explanation  of  the  rigor,  for  many 
y^^Y  stihttance^  produce  clotting  of  the  extracts  with  even  greater 
^a«J  inei^s.  but  do  not  produce  the  rigor. 

■  ^^c  effect  of  caffein  u\vm  »;m<ioih  muscles  consists  in  a  stronger 
■  d  more  persistent  contraction.  Larger  doses  prolong  the  period  of 
cY>^x»ion. 

I^he  cfTcct  upon  cardiac  muscle  is  essentially  the  same 
>-s     t.  >iat  upon  skeletal  muscle. 

'^'"^  '^^nrt  muscle  is,  however.  <iomewhat  more  resistant  than  the 
■^ '  tor  the  heart  of  the  frog  is  still  found  beating  after  the  other 

..    iijve  gone  into  rigor 

^^«th  the  frofi:*s  heart'  (Fig.  50  C)  small  doses  increase  the  ahsofiite 

^«ri5fih  of   contraction   and    the   volume   of   hlnod    thrown    out    in   a 

Ti    lime     The  duration   of  the  systole  is   increased  at   the  expense 

lie   diastole      The    rate    is    somewhat    quickened,    hut    this    is    soon 

crd    hy    slowing.     The    heart    hrcnmes    permanently    more    and 

y  ^-     contracted,    finally    reaches    «tandsiill.    generally    in    systole,   and 

1  *-tt    u,jt5  ipj^  rigor.     The  standstill  is  sometimes  in  diastole. 

^He  analogy  of  these  phenomena  to  those  of  skeletal 
"'^wclc  is  most  apparent. 

'^)  Effect  on  the  Mammalian  Heart. —  .9mn//  doses  cause  an 
*fr!,-,-...  _  Y  rhythm;  the  strength  of  contractinn  and  the  relative 
™^  ^       phase*   being   unaltered.     The  output  of  the  ventricle 

t!w>  iicreased.    The  quickening  Is  not  due  to  n  paralysis  of 

t  A^P^^'  '^^  '^  occurs  when  the  vag^is  ha<!  been  completely  para- 
•ywd  by  .Vropin:  nor  is  it  due  to  a  stimulation  of  the  accelerator 
?^"T^  '"f  it  i«  *een  after  the  excision  of  the  stellate  ganglia.  It  is 
^T'  vfrr  improl»ablc  that  it  acts  on  the  accelerator  endings,  for 
™  'irtsilj  of  the  contractinn  curve  differ  from  those  pro<luced  by 
•'^'J^^tof  simulation.  Apocodein.  which  is  said  to  paralyze  the 
arctlrraTor  ending*,   does    not    prevent    the   qnirkentng.    This   is   also 


tn 
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seen  in  the  heart  of  llie  embryutiic  cluck,  before  nerve  filxrrs  have  be- 
come developed.  The  action  must  therefor  be  on  thr  muscle  suhstancf 
itself,  increasing  its  contraclility.  This  is  in  agrccmenl  with  the  fact 
thai  the  contractions  are  greater,  if  the  rate  15  but  little  increased 
(Fig.  50  B  and  C). 

Larger  doses  produce  a  further  acceleration,  through  the  same  cause. 
This  docs  not  leave  time  for  complete  contractions,  so  that  the  ex- 
cursions of  the  heart  are  rfiminisheil  (Fig.  50  A.  h.  and  rf),  and  the 
output  may  be  even  less  than  with  a  normal  heart>  notwithstanding 
the  increased  rate.  The  relative  lenyfth  of  the  phases  is  also  altered, 
the  diastolic  pause  being  usually  shortened  most. 

I'ery  larg^c  doses  cau.ie  first  a  weakening  of  the  cardiac  muscle,  so 
that  the  systole  is  shorter,  then  a  slowing  of  both  phase^;  nr  there  may 
be  auricuiit-TCntheular  arylhmia;  the  contractions,  instead  of  arising 
in  the  auricle*;  and  descending  to  the  apex,  may  have  their  origin  in 
any  part  of  the  heart,  so  that  the  auricles  and  ventricles  beat  inde- 
pendently. This  IS  a  common  re^^nll  of  over-stimulation  of  the  canltac 
muscle.  It  ends  in  fibrillary  contractions  and  paralysis.  The  output 
of  the  heart  is  lessened  by  large  doses.  These  changes  result  from 
an  incipient  rigor  of  the  cardiac  nniscle. 


^• 


'^ 


mM^m 


'^"^ 


JO. —  Effects   of   Ca ffet'n  : 
Bhixl-prfSMttre   tracing,   dog , 


fa)  nornial;  (b)  aficr  30  mg.  caffcin  per 
Kilo.;   (c)   to  (g)   aficr   70   mg.   per    Kg:   at   (,  the  vagui  is  stimulated  eleciricallir. 

B:     MyocarJiogram.    Jog;   cafFcin    at    'j<  . 

C  Tractnfi  from  frog  s  heart :  < a )  tiormal :  0*)  to  (d ) .  increasing  cunccn- 
tration  of  cafTcin.     (The  upstroke  in  B  and  C  denotes  »y5t>-»1c.) 

D:    Ri'Mfiraiory  tratine   irovn   unopcralcd   rabbit.     CatTcin   injected  at    X. 


(B)  Effect  on  the  Entire  Circulation. —  This  differs,  not 
only  \vith  the  duse.  but  also  with  the  somewhat  variable 
interaction  of  the  vasomotor,  \agiis,  and  cardiac  effects. 
The  typical  residts  are  shown  in  Fig.  30  A.  Therapeutic 
doses  (b)  increase  the  rate  of  the  heart,  but  lessen  its  force. 
The  output  may  be  somewhat  increased,  and  this,  with  the 
stimulation  of  the  vasninotcir  center,  may  cause  a  fair  and 
sustained  rise  of  blood-pressure,  as  shown  in  the  tracing. 
However,  this  is  verv  uncertain,  since  it  is  difficult  to  ad- 


CAFFEIN    DIURESIS. 


167 


jxxsx  the  dose  properly.     This  stage  is  also  accompanied  by 
p^pitation.' 


The  larger  respiratuo'  variations  in  (b)  are  due  to  increased  respira- 


c>< 


I 


XVith  Utrgtr  doses  of  caffein.  the  primary  quickening  is  followed,  in 
atxr>ui  half  the  cases,  by  a  slowing  (Fig.  50  A  c)j  the  caffein  stimulat- 
irv.^C  tlie  vagus  center.  This  stimulation  soon  passes  off,  as  in  (d). 
Tl^-^  pressure  is  at  times  fairly  low,  as  in  (d).  at  others  high,  as  in 
C  cr  >  The  qniokening  is  not  due  to  paralysis  of  the  peripheral  vagus 
TTi^«:rhanisni,  for  electric  stimulation  (f)  causes  prompt  stoppage  of 
^hc      heart. 

"  M.    he   cerebral    circulation    shows    marked    constriction    (Aliprandi, 


* 


^C)  The  Effect  upon  Metaboliam. —  Caffein  causes  a  slight 

<:^  Of  icmpcrifimw  partly  by  its  action  on  the  central  iier- 

s  system,  and  especially  hy  its  direct  nmsctilar  effects. 

Consequence  of  this,  it  also  increases  the  metabolism  — 

. ,  the  production  of  urea  and  COj.     The  older  statements 

*"^*."^  it  lessens  metabolism  are  ermneous, 

<  J))  The  Effect  upon  the  Kidneys.- —  Under  certain  con- 

^*^ic:)ns  caffein.   and  especially   the   other   members  of  the 

^^^i«s.  may  cause  a  considerable  increase  in  the  secretion  of 

'^'^^le.     In  man.   for  instance.  0.5  Grn.  of  caffein  increased 

^"^'    quantity  of  urine  42%  above  that  secreted  on  the  same 

^^^•~->vance   of   water,    but    without   the   caffein    (Raphael, 

^  ^0«4).    The  increase  also  involves  the  absolute  quantity  of 

^^it-iar\'  solids,  .but  not  in  the  same  proportion,  the  coitcen- 

^^tion  l)eing  diminished. 

**his  diuretic  action  is  peripheral,  and  does  not  depend 
^Pon  changes  of  the  general  circulation.  Its  mechanism  is 
^'*t:  clearly  understood,  but  it  is  commonly  assumed  to  cnn- 
"^'"^^  in  a  direct  stimulation  of  the  secretory  epithelium.  The 
^flF'ein  group  differs  from  the  peripheral  diuretics  in  that  it 
^'*es  not  tend  to  prodtice  renal  irritation. 

**  fJ  older  explanation  referred  the  diuresis  to  increased  blood- 
^'^sifrr  Von  Schroeder  fi886  and  1887)  and  Langgaard.  however. 
*r*''  *     r-ndently  that  the  effects  on   the   urine  and   on   the  gen- 

*y'  ^!iure   bear   no  relatinn   to  each   other.     Indeed,    the   rise 

*  »"^-  MiTr  trnd«  to  interfere  with  the  diuresis,  since  it  depends 
f^JnJy  on   vasoconstriction  —  a    larger   diuretic    effect   being  obtained 

^    ^^^untcracting    the    constriction    hy    chloral,    section    of    (he    renal 

k  ^  ^x'tx'ution   is   a    purely   «cnw)ry    phmommnn.    which    may   tie    caused   either 
[iiciTMol  activity  of   the  hrart.   as  in   ihis  case,   or  hy  an  increased  exeha- 


t    of  the   «enBDry  oerves- 
fc^wToae  6 J. 
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nerves,  or  by  using  small  doses,  or  theobromin.  which  acts  to  a  lesser 
degree  on  ihe  medullary  centers.  Caffcin  is  also  diuretic  in  excised 
kidneys,  so  that  its  action  must  be  peripheral. 

Caffein  causes  an  increase  of  the  veinflow  and  of  the  volume  in 
excised,  artificially  perfused  kidneys,  and  the  same  phenomena  occur 
commonly  in  the  body-  They  imply  a  dilation  of  the  renal  arterioles, 
of  peripheral  origin,  and  con-.equently  a  higher  filtration  pressure. 
This  is  in  line  with  the  observations  of  Hellin  and  Spiro  dftp")  that 
cafTein  diuresis  is  prevented  by  the  ncjjiirilic  poisons  which  act  on  the 
glomeruli,  and  not  by  those  which  act  on  the  tubules.  It  is  not 
however,  the  essential  factor  in  the  production  of  the  diuresis,  for 
the  urine  is  conunonly  increased  even  when  the  peripheral  dilator 
action  is  over-compensated  by  stimulation  of  the  constrictor  center 
(Phillips  and  Bradford.  !«8r). 

The  renal  dilation  is  peripheral,  since  it  occurs  in  excised  Vidneys. 
Loewi  (1904)  found  the  veinflow  increased  even  when  dilation  of 
the  kidney  was  prevented  by  incasing  it  in  plaster  of  Paris.  The 
cafTein  must  therefor  diminish  the  size  of  the  renal  cells.  This  has 
been  demonstralcci  histologically  by  Von  Sobieran.'ski.  Filchne  (igoi) 
showed  that  the  absorbing  power  of  renal  cells  is  diminished  dar- 
ing cafTein  diuresis.  The  increased  bloodflow  is  therefor  due  to  a 
lesser  compression  of  the  vessels  by  the  smaller  cells,  rather  than  to 
a  direct  action  on  the  arterial  muscle.  Von  Sohicranski  (iSqj)  ex- 
plained the  diuretic  action  of  caffein  by  the  theory  that  it  paralyzed 
the  reabsorbing  mechanism  assumed  by  Ludwig's  theorj' ;  but  the  ex- 
perimental  support  of  his  view  is  inconclusive. 

Allien  (iQoi»  found  that  the  percentage  of  chlorids  was  lessened 
during  caffein  diuresis,  whilst  that  of  urea  was  unchanged.  This  may 
be  interprt'tcd  in  support  of  the  view  that  caffein  stimulates  the  se- 
cretion of  urea  apart  from  its  action  on  the  watery  portion  of  the 
urine. 

In  starving  rabbits,  cafTein  breaks  down  the  resistance  to  the  ex- 
cretion of  chiorids;  but  it  does  not  have  this  action,  in  dogs,  nor  in 
man. 

Dogs  often  fall  to  respond  to  caflein,  but  do  50  if  the  vagi  are 
divided.  Anten  showed  that  this  is  due  to  an  inhibitory  efTect  of 
the  vagus  center  on  the  renal  cells. 

The  absence  of  irritation  in  cafTcin  or  theobromin  diuresis  is  shown 
by    the   observations   of    Emerson    (1902)    and   of    Sollmann    and    Mc- 
Comb    dSgS)    that   the   percentage   of   albumin   is  not   increased,   and 
that,    therefore,    no    injury    was    caused    in    these    cases.     Their    only 
danger  would  lie  in  the  increased  work  which  they  put  on  the  kidney,    fl 
(Theophyllin,   however,   does    not    seem   to   be    free   from    irritation—    S 
Potichei  and  Chevalier,   1903.)     On  the  other  hand,  the  usefulness  of 
these  drugs  is  lessened  by  the  fact  that   they  cannot  act   if  the  renal 
elements   are  greatly  changed   and   their   action  docs  not   seem   to  be        " 
sustained    well   on    continuous   administration    (Le    Xoir   and    Camus,       — 
1903). 

CafTcin,  so  far  as  known,  has  no  efTect  on  other  gland  cells,  nor  upon  ^ 
fnusi'U'-nt'r7't-  ettdings.  nor  upon  fioiiglia. 

CafTein  causes  a  peculiar  vacuolization  and  condensation  in  the  pro-  "^ 
toplasm  of  the  ameba  and  other  infusoria,  due  probably  to  its  basic  '^ 
nature. 

Small  doses  increase  the  movement  of  leucocytes  in  shed  bloods  — 
whilst  large  doses  kill  them.  It  has  no  effect  on  the  red  cofpusclcs.  *■ 
nor  on  fibrin  formation. 
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IV.  ABSORPTION,  FATE.  EXCRETION. 

CTaffein  is  rapklly  absorbed.  In  its  passage  through  the 
body  it  undergoes  change,  only  a  small  part  being  excreted 
un^a^itered   (8  to  21%  of  caffein,  32^^   of  theobrumin). 

"Xhe    change    consists    largely    in    the    loss    of    methyl 
groTips,    the  caffein    (tri-methyl-Nanthin)    being   converted 
iot:<:i»  di-  and  inono-methyl-xantliins.     Only   30'/^   to  40'/^ 
ar^    excreted  in  this  way.     On  accnnni  of  the  similar  com- 
position one  might  be  tempted  to  suppose  that  the  rest  of 
ih^   caffein  is  converted  into  uric  acid.     This  is,  however, 
not  the  case,  the  oxidation  being  muTQ  ct>mplete  and  proba- 
bly   reaching  urea.     Of  the  other  members  of  the  series, 
theobromin  suffers  a  similar  fate,  but  a  larger  percentage 
is   excreted  unchanged.     The  greater  part  leaves  as  hetero- 
xanthin.     Hypoxanthin   and    xanthin   are  excreted   largely 
as   uric  acid. 


V.  DIFFERENCES  IN  THE  MEMBERS  OF  THE  GROUP. 

Caffein  has  the  sirnttgcxt  action  on  the  central  ucn'ous 
system.     I'araxanthin  is  the  tnost  diuretic  member  of  the 
p'ovp,  then  comes  theophylHn  (theocin),  then  theobromine 
and  lastly  caffein.    The  mono-methyl-xanthins  are  also  diu- 
retic.   The  action  on  the  muscle  is  parallel  to  the  diuresis. 
Purin  causes  a  central  stimulatit^i.  followed  by  paralysis. 
Its  action  on  muscle  is  weak.     Xanthin  also  has  only  a  very 
weak  diuretic  action.     Uric  acid  does  not  share  the  charac- 
ters of  the  group. 

VI.  TOXICOLOGY. 

The  toxtcolojo'  "^^  cifTcin  is  unimportant.  Tlie  symt^totus  produced 
'•y  largt.  but  not  fatal,  doses  have  been  sufficiently  discussed:  those 
"^'l"^?  from  the  central  nenous  system  arc :  excitement,  increased 
T"«  irritability,  tremors,  etc.  These  predominate,  and  are  asso- 
ciaird  ffiiji  palpitation  and  quickened,    irregular   pulse. 

^^f at  doses  —  very   rare   in   man' — 5how   tetanus,  coma,   and   death. 
"^nl/  ^  paralysis  of  the  heart.    There  arc  no  post-mortem  lesions. 
^^  trrattncHt  would   consist   In   evacuation,   and   hromids   or  other 
MTtotict    Tj^j.   usual    chemic   antidotes   are    of  little   value,   with    the 
P^^^iole  exception  of  permanganate. 

VIT.  THERAPEUTICS. 

rti^l^^  Pff^rJj  ufton  the  Spinal  Centers.— These  are  not  iniich 
^mm,  <ince  the  same  effects  arc  obtained  by  strychnin  in   a  better 

'^  Wll  rau  of  pnivonin;  from   o-6  Onti.   is   reported  by  Atlard,   1904. 
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and    purer    fornu    Strychnin    avoids    especially    ilie    action    upon    the 
brain   (wakefulness^   and  heart    (palpitation). 

{B)  The  iiffcct  upon  the  MeduUuty  tenters. —  Here,  also,  strychnin 
is  preferred  in  almost  all  cases  where  it  15  at  hand,  for  doses  of 
caffeln  large  enough  to  affect  the  medulla  are  apt  to  Iiavc  the  above 
side-effects. 


I 


I 


In  cases  of  narcotic  poisomng,  where  strychnin  is  often 
not  at  hand,  and  especially  in  innrphin  and  alcohol  poison- 
ing, where  it  is  wished  u>  stimulate  the  brain  as  well,  this 
drug  is  very  useful.  Caffein  forms  a  useful  addition  to 
drugs,  such  as  the  antipyrin  series,  in  which  depression  of 
the  central  nervous  system  is  an  undesired  side-action. 

It  may  also  he  of  great  ser\ice  in  certain  cases  of  asthma. 

The  use  of  calYein  in  inigrainc  is  entirely  empirical,  since 
the  nature  of  this  disease  is  not  known.  It  is  undoubtedly  ■ 
useful,  especially  in  the  combination  known  as  migrainin.'  ■ 
It  is  alsi>  used  in  trij^emiual  neuralgia,  and  often  gives  re- 
lief. It  is  ])t)ssible  that  these  actions  are  clue  to  the  effect 
on  the  higher  centers.  Caffein  may  be  similarly  useful  in 
nen^ous  dyspepsias. 

( C)  Its  cffiXts  on  the  brain  arc  the  most  important,  but 
can  he  better  (Hscussed  under  its  habitual  use. 

(D)  Effect  upon  the  Kiitneys. —  The  diuretic  effect  of 
the  caffein  group  is  utilized  when  the  secretion  of  urine  is 
deficient,  or  for  the  removal  nf  fluid  or  of  toxic  substances 
from  the  Ixxly.     It  is  es|>ecially  useful  in  nephritic  or  car- 
iliac  effusions.     When  used  in  cardiac  disease,  it  should  be 
combined  witii  digitalis.     In  certain  cases,  the  caffein  diu-J 
retics  are  not  effective:  n*»r  is  the  effect  very  lasting,  even" 
when  the  doses  are  repeatetl.     To  avoid  the  interference  of 
vaso-constriction.  the  dose  i»f  the  citrated  caffein  should  notf 
exceed  0.5  Gtn.     The  addition  of  chloral  increases  its  efti-" 
cicncy.     The  theobromin  compounds  —  diuretin  or  agurin 
—  are  more  certain.     The  most  effective  dose  of  these  is 
2  to  3  Gm.     Theocin  is  still  in  the  experimental  stage. 


I 


>  Caffein. 
(10  icntni): 


(E)  E§eet  upon  the  Heart. —  Caffein  has  been  used  considerably  in 
heart  disease,  especially  in  sienoMs  and  mitral  insufficiency.  Xeither 
clinical  observation  nor  pharmacologic  experiment*^  have  assigned  to 
it  so  prominent  a  place  as  to  digitalis,  and  it  may  well  be  discontinued 
for  this  purpose. 
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o:   ftnttpyrin. 
Of   the   Pulv. 


85;   citric  acid.   6. 
Acetanllldi  Cotnp. 


U»ed  in   doses   of  about    a.6 


TEA    AND   COFFEE. 
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VIII.  CAFFEIN  BEVER.\GES. 

OToffee  and  tea  are  use<l  principally  as  l)everages.  and  to 
I  i  €ve  psychical  anil  physical  fatigue.  They  may  in  some 
es  i>e  substituted  fur  eaffein  in  therapeutics.  alth<iugh 
ir  effects  are  not  (piite  identical  with  tliuse  of  the  alkaloid. 
'l-»«  differences  are  due  to  the  nther  c(»nstiluents. 

"W^ei  contains   considerable    tannin,   probably    identical    with    that   of 

oaVc     hark.     Il  is  ihercfore  astringent,  checks  diarrhea,  and  large  doses 

itit^xfcrc  with  digestion  —  by   precipitating  proleids  and  albiinioses;  by 

\c*si«ning    absorption:    and    by    irritating    the    gastric    mucosa.     With 

^trtsallcr   doses,   however,   the   degree  of   irritation    may   even   be  bcnc- 

ficsat.    The   tannin   is  extracted   rather   slowly,   so  thai   tea   which   has 

be^srs  boiled  or   infused    for   a    long    time   is   particularly   detrimental. — 

Tea.    further  contains   volatile  oils,  wliich   give  it  the  perfume.     These 

adc^l    greatly  to   its  acceptable  taste.     They   are   stimulant  10  the   brain, 

rti»i forcing   the   central   actions   of   eaffein.    The   green   tea   is   richer 

in    oil  than  ibc  black   variety. —  The  effects  of  the  hot  u-iJtcr  are  also 

important :    this    acts    as    a    reflex    stimulant,    and   as    a   diuretic    and 

diaphfirciic- 

Coffee  contains  a  tannin   (in  even  greater  amount  than  teal  ;  but 

0»U  differs    ver>'   much    in    its   chemic    and    pharmac^^logic    properties 

iT<»m  the  tea-tannin:  it  docs  not  precipitate  proteici;;,  and  is  but  slightly 

i'»lringcnl.     It  is  therefor  less  harmfnl  to  digestion.     (The  eaffein  itself 

h*s  IK)  effect   on  digestion.)     The  beverage   is,   however,  even   more 

dctrinicnlal  than   tea  in   some  cases  of  dyspepsia.     This  is  due  to  the 

caff(nl  the   empyreuinatic  oil    formed    in    tlie  roasting  of  coffee.     This 

"ilistancc  is  a  mixture,  containing  about   50%  of  furfurol  alcohol,  and 

itnall  nuantities  of  valerianic  acid,  pheimls.  and  other  unknown  prod- 

wiv    The   aroma    is    due    to   a   iiitrogenous    ingredient.     The    oil    is   a 

local  irritant,  which  accounts   for  digestive  disturbance.     It  also  gives 

to  coifcc  a  slight  laxative  action.     The  central  actions   resemble  those 

01  cafftin  and  of  the  essential  oil  of  tea. 

Tbc  eaffetn-frce  distillate  from  infusions  of  tea  or  roasted  coffee 
p'"«  ati  increase  in  the  rate  of  respiration,  and  a  psychic  and  muscu- 
lar reitltsMicfes.  Tlie  pulse  is  not  altered.  However,  some  experi- 
niailtr*  have  failed  to  find  any  action  011  respiration.  Large  doses  of 
thcciffeol  give  rise  to  paralytic  phenomena. 

The  differences  hetivcen  ihc  eaffein  ber^erages  and  the 
alkaloid  consist  therefore  in  a  greater  psychic  atid  respira- 
tor}^ stimulation  (by  the  oil):  a  greater  diuretic  action 
^frnmthc  water) ;  a  comparatively  lesser  action  on  the  heart 
and  mtiscles :  a  tendency  to  derange  digestion  (by  the  caffeol 
or  lea-tannin)  :  and  a  laxative  action  with  coffee.  The 
i"«flex  stimulant  effects  of  the  hot  zvalcr  also  contribute  to 
the  action. 

A«(o  ihe  differences  between  coffee  and  tea:  The  psychic  effects 
^f,,*^^'^"'  with  green  tea  or  welt  roasted  coffee,  Strong  tea,  cspe- 
Ctilljr  if  infused    for  some  time,   is   more   detrimental   to  digestion,   is 
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astringent,  and  checks  peristalsis.  Either  beverage  is  generally  con- 
traindicaled  in  gastritis;  sometimes  the  one,  sometimes  ihc  other,  is 
better  borne.  It  is  puputarly  believed  thai  coflfec  injures  the  com- 
plexion. This  could  occur  through  its  action  on  digestion.  As  a 
chemic  antidote  in  aikalotdal  pojsonmg,  coffee  is  leas  efficient  than  tea 
(see  p.  «9>.  M 

Tlie  habitual  use  of  caffchi  brccrogcs  dcpeiKls  upon  the 
pleasant  sensations  which  accompany  the  stimulation.  Caf-  ■ 
fein  in  moderate  doses  docs  not  seem  to  become  noxious  f 
Zi'ith  habitual  use.  When  the  annmnt  taken  is  too  large,  it 
presents  llie  same  symptoms  in  persistent  form  which  are 
seen  in  aaite  pnisuning:  tremors,  nervousness,  palpitation, 
etc.  The  miml  also  seems  to  suffer,  and  chronic  welan- 
ehoiia  is  a  frequent  pheiv^menon. 

'J'he  excessixe  use  of  tliese  beverages  is  apt  to  do  most 
harm  by  their  disturbing  (hgestion. 

The  nse  of  coffee  arose  in  Arabia  and  Egypt  about  145a  Coffee  and 
tea  were  introduced  into  Europe  about  the  last  quarter  of  the  seven- 
teenth century,  a  period  which  was  characterized  by  the  common  intro- 
duction of  many  new  products,  such  as  the  potato,  cinchona,  tobacco, 
and  chocolate. 


Whilst  the  consumption  nf  tlie  cafifein  beverages  is  ordi- 
narily a  mere  luxury,  pleasant  but  otherwise  useless,  it  may 
have  a  distinct  value  in  special  conditions.  M 

The  principal  benefit  derived  frr)m  these  beverages  is  a  ' 
diminution  of  fatigue,  mental  and  muscular.  The  action  on 
mental  fatigue  is  accounted  for  by  the  stimulation  of  the 
psychic  areas,  an  action  greatly  enhanced  by  the  volatile 
by-products.  For  this  purpose  one  shouKL  therefore,  em- 
ploy well-roasted  coffee  <>r  green  tea  with  short  infusion. 
These  would  aTso  be  especially  active  in  producing  wake- 
fulness. 

The  effect  upon  the  muscular  fatigue  may  be  explained, 
bi»th  by  easier  transmission  of  reflexes  (a  given  stimulus 
reaching  the  muscle  more  readily)  and  bv  increased  con- 
tractilitv  and  excitability  <tf  the  muscle-fibers  themselves. 


This  action  has  been  demonstrated  heycmrl  a  iJnubt;  c.  g.,  soldier* 
can  endure  more  severe  marches  when  pivcn  coffee.  !t  can  also  be 
demonstrated  with  the  ergogrnph.  It  will  occur  only  if  the  amount 
of  energ>'-yielding  substance  in  the  muscle  has  not  lieen  exhausted, 
and  will  not  have  any  effect  after  fasting.  Sugar  is  then  the  most 
efficient  means  for  the  relief  nf  fatigue  The  effect  of  caffein  is 
never  very  prolonged,  but  is  not  followed  by  depression. 
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CoflFee  is  sometimes  usetl  against  hunger.  It  acts  only 
by  covering  up  the  condition  through  the  exhilaration  whicli 
it  produces,  and  cannot  be  of  any  real  benefit.  On  the 
Contrary,  the  metabolism  is  increased. 

Cocoa  and  chocolate  are  also  used  as  mild  stimulants. 
tHeir  effects  l>eing  less  pronounced  than  with  the  others. 
On  account  of  the  large  amount  of  fatty  matter  which  they 
contain,  they  are  to  some  extent  nutritious,  although  this 
hi  is  not  very  digestible. 

Cuffee  and  chocolate  are  also  used  to  cover  up  the  taste 
f>f  medicines ;  e,  g.,  iron,  quinin.  bitter  substances,  castor  oil. 
Cod-liver  oil,  etc. 

MATERIA  MEDICA. 

Tlx  crude  drugs  of  this  family  arc  mainly  articles  of  consumption. 
w<l  arc  not  official,  with  the  exception  of  Gnarana.  The  National 
^or»TiuUry  gives  directions  for  the  preparation  of  Buidcxtracts  of 
J^'Fcc  lea,  aiid  kola,  and  for  syrup  of  coffee.  These  are  used  mainly 
^of     flavoring.    AH    the    preparations    arc   miscible    with    water   or    al- 

.  *  *^«ffea. — Coff/r— Seed   of  Coffca  Arabica,  Rubiace».'    Native   of 
^rabij  and  Abyssinia,  cultivated  in  all  tropical  countries. 

CatiFein.   t   to    l.J%:  caffcotannic  acid,  6  to  34%. 
*  •'^^  leaves  also  contain  caffcin,  and  arc  used  by  the  natives  in  the 
**y**     manner  a<  lea. 

tjj^  ilic  process  of  roasting,  a  very  small  amount  of  caffein  is  lost 
;J*t»^Mjding  upon  the  degree  of  heat  used),  and  empyreumatic  oils 
*  jj^^fttfol"),  of  unknown  composition,  are  produced. 

*.^    ordinary  cnp  of  coffee  contains  0.1  to  0.2  Gm.  of  caffein. 

■"•Ha. —  lea. —  Leaves  of  Catncllia   Thta.  Tcrnstrnfmiaccse.     Soiith- 
S^'^*^  A&ia,   cultivated.     (Also  capable  of   cultivation    in   the    United 


CaflFein.  1.5  to  4%:  volatile  oil;  tannin,  5  to  15%. 
nary  cup  of  tea  contains  o.t  to  0.2  Gm.  caffein. 
black  and  green  leas  differ  only  in  the  treatment  to  which  the 


^.^^s.   arc  subjected   (a  fermentation  with  llie  black  variety). 

iC<}|j^ — Cola. —  Seed     of    Colo    acuminata,    Sterculiaccar.     Tropical 
"**^ni  Africa  and  cultivated  in  West  Indies. 

Caffdn.  2% :  a  little  thcobromin  formed  from  glucosid  in  dry- 
ing; x'olatilc  oil:  tannin. 
roasted.  Used  by  the  natives  as  masticatory  and  to  render 
^  —  Jler  palatable  Valued  so  highly  as  to  be  used  as  money. 
^^^^nn^— Guarana  (Brazilian  Cocoa).— A  dried  paste,  prepared 
^  ^*^«"  Indians,  consisting  chiefly  of  the  roasted  and  pounded  seeds  of 
'^■•'/•nrd  Cufana.  Sapindacere.  northern  and  western   Brazd. 

Caffein.  4  to  5%  (at  least  ^-s'^c  U.  S.  P.)  :  tannin,  gums,  resm. 
-.,  volatile  oil.  , 

''^•^filrachtm  Guaronit:  3.5%  of  alkaloids.    Dqsc:   i  to  4  CC.   154 
•*''«5raehm)   (2  c.  c.  =30  ttl,  U.  S.  P.). 


TV  tunr  order  vield*  Hnctiona,  catechu,  and   tj^ecte. 
Snidy    Materia    Mcdica    Lc«»on    18. 
•  Not    official. 
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*  Mate. —  Paraguay  Tea.—  The  leaves  of  JUx  paraguayrnsis.  Ilicineab 
Brazil  atx!  Argcnime. 

The  cuniniLTcial  Itaves  are  fliKhtly  torrefied. 

Ciffeiii.  o.^  til  1.6%:  tannin,  lo  to  iO% ;  a  little  volatile  oil. 

Used  in  inakin}^  a  leverage. 

Oilier  spet-'ics  of  Ilex  proljably  also  contain  caffcin,  and  some  (K 
those  growing  in  the  Southern  Stales  are  used  as  Apache  tea. 

*Theobroma. —  Cacao  tnot  to  be  confused  with  Coca'). —  The  fer- 
mented, dried,  and  often  roasted,  seeds  of  I h^obroma  Cacao.  Sterc* 
liacese.     Tropical   America,  cuhrvaied. 

Theobromin,  1.5  to  4.5%;  trace  caffein;  fat,  50%:  starch.  10% 
tannin. 

The  theobromin  docs  not  exist  in  the  fresh  seed,  but  is  derived  fron 
a  glucosjd  during  the  process  of  preparation.  In  the  powdered  cacaoi 
of  cotTunercc.  part  of  the  oil  has  been  removed,  so  that  only  about  25% 
remains. 

Chocolate  consists  of  melted  cacao  and  sugar  m  various  prnportion3| 
often  with  the  addition  of  flavors  or  starch. 

Caffeina,  U.  S.  P.,  B.  P.— C,H.«N,0.-  +  H,0,  Tri-methyl-xanlhii^ 
prepared  from  any  of  the  above  plants.  The  free  base  is  soluble  ill 
45.6  water;  ^^.2  alcohol.  Dose:  0.06  to  0.25  Gm.  (i  (o  4  grs.)  (0.065 
Gm.^  I  gram,  U.  S.  P.).  ^ 

Preparations : 

C.  Citrata,  U.  S.  P.  (CaflFeina  Citras,  B.  P.)  (not  a  true  salt,  but  a 
mixture  containing  50%  each  of  caflFein  and  citric  acid). —  Soluble  in 
JS  water.  Dose:  0.15  to  cs  Gm.  {j  to  8  grs.)  (o.us  Gm.  =  j  grs., 
US.  P.). 

C.  Citrata  EfFenrseens,  U.  S.  P .  R.  P,  =  2%  of  cafTein.  Dos^:  4  tl 
15  Gm.  ( r  to  4  drachms)   (4  Gm.  =  ].5,  U.  S.  P.). 

'"C.  I'Sa™;;)!,^;.  N.  R  (  =50%  caffcin:  soluble  in  .  pans  wa.crj 

Elixir  Coffeintr,  N.  F. —  I 
(acidulated). 

Puhis    Acetaniiidi    Comp 
Ipdcx). 

Theobfomlna,  GHiN.O. —  The  alkaloid  of  Theohroma  Cacao  On ' 
account  of  if^  comparative  insotubitity  (1.700  parts  of  water),  the  free 
alkaloid  is  but  rarely  used.  The  snlutiility  can  be  greatly  increased  by 
combining  it  with  an  alkali.  These  compounds  are,  however,  very 
caustic.  The  corrosive  action  is  greatly  reduced  by  the  addition  of 
salts,  without  lessening  the  sulubilitj'.  Such  mixtures  of  sodium 
theobromin  with  cquimolecubr  quantities  of  salts  arc  the  form  i 
which  theobromin  is  used  in  therapeutics.  They  are  readily  deco 
posed  by  acids,  so  thai  they  must  not  be  exposed  to  the  air  (to  ex- 
clude CO:),  nor  should  they  be  given  at  meal  time  (to  avoid  t 
IICI).  The  dose  is  r.s  to  3  Gms.  (20  to  45  grains),  in  Aqua  Ment 
Piperitre.  They  are  probably  too  caustic  tn  he  used  hypodermica 
The  older  preparation  is  Theobromine  Sodio-Salicylas  (A)/Mr<'/i»i) 
It  contains  50%  of  the  alkaloid.  The  Theobromine  Sodio-Ace 
{Agurin)  is  still  less  caustic,  avoids  the  salicylate  actiiin.  and  c 
lains  63.3%  of  alkaloid.     Roth  are  very  soltihle  in  warm  water. 

Thcophyllin  is  found  on  the  market  under  the  name  of  Theocin, 
It  i"  a  more  efficient  diuretic,  but  it  is  doubtful  whether  this  advan- 
tage offsets  the  greater  cost  and  other  disadvantages,  h  is  difficultly 
soluble:  dose,  0.2  to  0.3  Gm,  (3  to  5  grains). 

'  CicAD  «  Theohroma    Cocao. 

Cocoa  =  .\    iialm    yieldjnfl    cocoa    nut. 

Coca  ^  Krythcoxjlon   Coca,   yielding   cocain 


.75%.    4  c.  c.  (r  drachm)  =0.06  Gm.  caffe 
C  S.  P.,    contains    10%    of    cafTein    (sd 


PICROTOXIN    ACTIONS. 


(C)   PICROTOXIN  GROUP. 

This  comprises  a  number  ot  bodies  closely  related  by  their  pharma- 
e^^logic  action,  and  probably  also  by  their  cheniic  composition.  Of  the 
latter  little  is  known.  They  belong  to  a  group  of  nun-alkaloidal,  non- 
mi  rogenous  vegetable  substance;:),  more  soluble  in  alcohtil  than  in  water, 
sometimes  called  "active  rcs.iiK)id&.*'  Some  oi  them  are  glucosids. 
The  group  has  at  present  very  little  therapeutic  but  some  toxologic 
interest. 

L  MEMBERS. 

Picroioxin.  the  active  constituent  of  Cocculus  indictis,  is  the  princi- 
pal member  of  the  group;  it  splits  readily  into  picroloxmin.  having  the 
**n>e  action,  and  into  the  inactive  picrotin.  Other  principles  belonging 
to  thi&  group  arc;  Cicutoxin,  from  Cicuta  virosa  —  water  hemlock. 
^nanthotoxin.  from  CKnantho  crocata.  Coriamyrtiii,  from  Coriaria 
?")'rti  folia.  Digitaliresin  —  decomposition  product  of  digitalin  and  dig- 
"alein.  Toxircsm  —  decomposition  product  of  di^itoxin.  Olcaudn'sin 
— -'ittotttposition  product  of  oleandrin.  Phytohccotoxin,  mainly  from 
*2yic*liicca  Japonica.  A  similar  principle  exists  perhaps  in  pokeroot 
^^f»yt^3kc€Q  decandra) ;  but  this  has  not  been  demonstrated. 

II.  SUMMARY  OF  ACTIOXS. 

'•      Stimulation,   followed  by  paralysis,  of  the  medullary 
cente  T-s. 
•2'       Some  stimulation  of  the  spinal  cord. 


Ur.  DETAILS  OF  ACTION. 

.    ^  _  eflfcct  upon  the  tiicdutla:    The  principal   symptom  of  picrotoxin 

j**^',***^ing  consists  in  convulsions  of  the  type  characteristic  of  a  stimu- 

latior^     «:>f  the  medulla.     They  are,  iruIeeH,  siiualcd  in  the  medullary  con- 

vul<i<:^,^,^^j^,^^   since  they  arc  not  affected  by  excision  of  the  cerebrum, 

"' ^^*~aclically  disappear  after  destruction  of  the  medulla.' 

^"■*  is  especially  the  case  in  mammals.     In  the   frog,  strychnin-like 

'P^'"*"*  s  of  spinal  origin  often  appear  shortly  after  the  medulla  is  de- 

tV^*^^'  which   were  before  masked   hv   the   more   intense   stimulation 

*>' *!*^licr  centers. 

?^^    convulsions  are  not  so  much  dependent  upon  reflex  stimulation, 
^J^^*.t  they  arc  probably  in  pari   due  to  a  direct  stimulation. 

'^iratory  center:     The   respiration    is   accelerated   before   the    con- 


;?^. 


niUi 

colla 


^^Tis  T^ter  it  l>ecomes  fixed  in  the  spasm,  and  in  the  following 
-  I^^e  may  he  slowed.  Asphvxia  may.  therefore,  occur. 
. -^^*ms  of  the  laryngeal  muscles  leads,  with  the  frog,  to  distention  of 
^^  ^^^^y^  wt'i  a'**  an'5  to  a  characteristic  cry  similar  to  that  sometime* 
"J^*^*^  with  strychnin.  With  digitaliresin.  toxiresin,  and  olcandresin, 
*"Y-^^*^nvnIs!ons  are  preceded  by  immobility. 

.  /•-*'>moi()r  center:  There  is  a  genernl  rise  of  blood  pressure,  not- 
*ir  -"^'^'"*^  the  sl<>wcd  pulse,  and  independent  of  the  convulsions, 
*   j^'^K  a  stimulation   of  the  center 

*'-**i?«J  center:    The  heart  is  greatly  slowed,  and  may  even  cease  for 
%  *^tne.    After  division  of  the  vagi  the  heart  will  return  almost  to 
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normal.  There  is,  however,  some  dcpres>ion  of  ihe  cardiac  muscle 
involved  in  this  slowing.  Later  there  may  be  a  quicktiiing,  partly 
dtie  to  stimulation  of  the  accelerator  center  and  partly  to  paralysis 
of  the  vagus  center  and  to  fatigue  of  its  endings. 

The  vomiting.  satit*ary.  and  rtvcating  centers  are  also  excited.  The 
sweat  may,  however,  be  supprcs>ed  by  vasomotor  coustriciion.  The 
emetic  cflFcct  is   used  therapeutically  in  the  case  of  Phytolacca. 

Spinal  cord:  As  has  been  seen,  a  stimulation  of  this  structure  is 
shown,  under  suitable  conditions,  by  increased  reflex  irritability.  The 
centers  of  defecation  and  urination  may  also  be  excited.  Uterine 
spasms  have  also  been  obscncd  as  dependent  on  .stimulation  of  the 
spinal  cnrd.  since  they  cease  upon  destruction  of  this  organ. 

With  larger  doses,  all  the  stimulant  effects  give  way  to  paralysis. 

TV.  TOXICOLOGY. 

Poisoning  with  the  common  plant  Phytolacca  (poke-berries)  is  not 
rare.  The  CoccnUis  indicus  (fish-berries)  have  been  used  for  poisoning 
fish  (in  whom  it  also  produces  medullary  stimulation  and  paralysis), 
and  this  meat  is  highly  toxic.  It  has  also  been  used  to  give  a  bitter 
taste  to  beer,  which  thus  becomes  poisonous.  2.4  Gm.  of  the  bctries 
(0.015  to  0.025  Gm.  of  picrotnxin)  are  fatal.  The  toxic  effect  some- 
times seen  on  admini>tenng  old  infusions  of  digitalis  may  also  be  due 
to  members  of  this  series.  More  direct  work  on  this  would  be  desira- 
ble 

Several  cases  of  criminat  fiicrotoxin  poisoning  (used  as  "knockout 
drops")  have  occurred  recently,  The  poison  disappears  rapidly  during 
putrefaction  (Within  one  or  two  week-i)  ;  so  that  the  toxicologic  analy- 
sis must  be  made  promptly.  The  characteristic  effect  of  the  isolated 
poison  on  the  frog  constitutes  the  best  test.  The  intensely  bitter  taste 
(discernible  in  dilutions  of  1  : 80,000)  may  arouse  suspicion. 

The  symptoms  of  poisoning^  consist  in:  vomiting,  saliva- 
tion, acceleration  of  respiration,  slowing  of  pulse  and  pal- 
pitation of  heart.  These  are  rapidly  followed  by  stiipor 
and  unconsciousness.  In  "J/i  to  3  hours  this  ag^ain  is  suc- 
ceeded by  convulsions,  which  may  be  repeated  several  times. 
Death  occurs  by  asphyxia. 

Treatment, —  The  chemic  alkaloidal  precipitants  would 
not  be  efficient.  The  best  treatment  wouhl  be  emetics  (if 
vomitings  has  not  occurred),  permanganate,  chloral,  and 
chloroform.  The  combined  administration  of  chloral,  nior- 
phin.  and  minimal  doses  of  atropin  has  recently  been  recom- 
mended as  the  result  of  animal  experiments. 

V.  THER.^PEUTTCS. 

The  medullary  stimulation  produced  by  this  g^oup  would 
be  highly  important  if  we  could  find  members  which  were 
quickly  and  certainly  absorbed.  This  has  not  been  accom- 
plished so  far.  the  action  being  uncertain  and  difficult  to  con- 
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trol-  Coriamyrtin  holds  fcirth  some  promise,  but  has  not 
bce^ri  sufticiently  tried.  The  indications  for  their  use  would 
be  the  same  as  those 'for  str^xhnin  (medullary  effect). 
Phyt"lacca  has  been  used  as  an  emetic,  but  its  action  is 
uncertain  and  is  apt  to  be  follmved  by  dangerous  effects. 
Picrotoxin  is  used  externally  against  pediculi ;  internally, 
against  the  night-sweats  (jf  phthisis,  and  in  epilepsy,  where 
its  benefits  are,  however,  tloulnfni. 


MATERIA  MEDICA. 

*  Cocculus  indicu*.— Fw/i-ft^rr/t'^. — The  seeds  of  Anamxria  panicH^ 
•fl'fl,  Mcnispermacex.    East  India. 

Picrotoxin    (i  to    i.t*^).  inactive  alkaloid,  resin,   fat. 
Dost':   o.i  to  0.2  Gm.  (i^^  to  3  grs.). 
(Decoction  used  externally  for  kilting  vermin.) 
ricrotoxtnain    (B.  P.). —  Picrotoxin. —  Neutral   principle. 
Soluble  in  9  alcohol.  240  water. 
Dos€:    0.0005  to  0.002  Gm.   (Vi»  to  Vw  grain). 
Action   tmccrtain. 
*CJ<r«iU  virosa. —  H'atcr  Hemlock,     Europe. 
ticu  f<3  maculaia  and  huibifcra.     Vnitcd   States. 

UmHellifcrae      Of  some  toxicologic  interest* 
•  Pl»3^toUcc«     Ffuctus. —  Poke-berry. —  The     fruit     of     Phytolacca 
decani^  w 43.  Phytolaccacc^e.     North  America. 

Irritant  principles,  gwni.  coloring-matter. 
Phy^olicca   (U.S.  P.). —  The  root  of  the  above. 
Constituents  as  above;  also  tannin  and  oils. 
Average  Dose  (U.S.  P.):  Emetic,  i  Gm.  (15  gr.)  ;  Alterative, 

0.125  Gm.   (2  gr.). 

Fluidcxtraciuin    Phytotaccee    fU.  S.  P.^  :    Dose:    as    the    drug. 

Pok<r-root  and  berries  are  u-ed  popularly  as  emetics,  cathartics,  and 

••3ltcrsi.tivM."     The     active     principles     are     not     known.     Tlic     young 

sprouts,   collected  in   early   spring,  seem  to  be  innocuous,  as   they  are 

ViiUd    and  eaten  like  spinach. 

^D)  SUMMARIES   OF   CONVULSANT  SERIES. 

1.  Brag;8  Stimulating  the  Vasomotor   Center. —  A    rise   of 

blood  pressure  vttsy  be  brought  about  by  a  quickening  of 

tbc  l"ieart.  by  an  increase  of  the  volume  of  blood  thrown 

out  at  each  contraction,  or  by  a  contraction  of  the  vessels. 

The  latter  may  be  effected  peripherally,  either  through 

difect  action  on  the  muscles  or  the  endings,  or  it  may  be 

effected  through  the  vasomotor  center. 

The  Vasomotor  center  mny  be  stimulated: 

I-  Reflexly.  through  stimulation  of  the  sensor>'  ner\'es. 

'  fWripiion    and    illustrattona    of   the    poisonous    plants   of    the    L'nitcd    States 
Bfe  fttrt  in    Bullirtin    20.   prepared   by    Mr.    V.    K.    Cheinm,   and   Usucd    by    the 
Dmiwi  of  Bouny,    L'.   S.   Department  of   Agriculture    (1898). 
•  Sot   official. 
olwly   Materia   Meilica   Lcuon    18. 
I— 12 
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2.  Directly,  through  accumulation  of  CO2  in  the  blood 

3.  Directly,  through  the  action  of  drugs. 

The  latter  alone  will  be  considered  in  this  place.  The 
{^^►wing  tirugs  stimulate  the  vasomotor  center  directly: 

Strychnin:  the  action  is  ra])itl  and  free  from  side-effects, 
but  it  is  doubtful  whether  small  tloses  are  very  efficient. 
Excessive  doses  cause  paralysis  of  the  vasomotor  center. 

Caffcin:  large  doses  are  required  and  such  as  will  pro- 
duce headache,  wakefulness,  and  perhaps  palpitation. 

Picrotoxin  Group:  the  action  of  this  is  ct)nfined  to  the 
medulla,  and  would  for  that  reason  be  the  most  desirable; 
however,  the  action  develops  slowly  and  is  difficult  to  con- 
trol 

Digitalis  Croup:  the  vasomotor  action  is  overshadowed 
by  a  sinuiltaneous  stimulation  of  the  cardiac  muscle,  which 
is,  however,  usually  desiralile.  The  effect  is  developed 
rather  slnwly  — in  half  an  hour. 

Groups  of  Atropin,  Aconite,  Nicotin,  Ergot,  and  Am- 
monia: the  effect  is  small,  uncertain,  and  obscured  by  side- 
actions. 

A  stimulation  of  the  vasomotor  center  will  be  useful  by 
producing  a  rise  of  the  blood  pressure.  The  benefit  will 
be  only  temporary  if  the  heart-muscle  is  weakened,  since 
the  rise  is  produced  at  the  expense  of  the  heart;  ».  e.,  by 
increasing  its  work.  The  benefit  is  )nore  permanent  ichcn 
the  center  is  depressed,  as  in  sh(x:k.  narcotics,  or  in  partial 
[laralysis  of  the  center. 

The  direct  stimulation  of  the  center  by  tlnigs  (strychnin) 
has  the  advantage  oz'er  rcHex  stimulation  in  that  it  can  be 
maintained  continuously  for  a  much  longer  time.  Reflex 
stimulation  is  more  useful  when  a  short  but  quick  stimula- 
tion is  desired. 

2.  Respiratory  Stimnlants;  i,  e.,  those  conditions  which 
quicken  or  deepen  the  respiration  through  a  stimulation  of 
the  respiratory  center. 

This  stimulation  may  be: 

1.  Reflex,  from  stimulation  of  peripheral  nerves. 

*^irect.  through  an  increase  in  temperature  or  venosity 
lood. 

rect.  through  drugs. 

iiimnlating  the  respiratory  center  directly: 
hnin  has  a  quick  and  powerful  action,  practically 
'(•sired  side-effects,  but  the  effect  is  not  lasting^ 
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CafFein  acts  more  slowly,  but  is  more  lasting ;  it  produces 
wakefulness,  etc. 

Atropin:  the  effect  is  not  so  verj*  great,  but  since  it  also 

paralyzes   the   bronchial    muscles  and   dries   the  bronchial 

secretion,  it  is  especially  indicated  in  asthmatic  conditions. 

With   the  groups  of  picrotoxin,   HCN,   and  NH^,   the 

action  is  uncertain  and  impure. 

Uuiication  for  these  remedies  is  lowered  activity  of  the 
respiratory  center,  such  as  may  occur  in  exliausting  dis- 
eases; fatigue,  as  in  asthma;  or  in  depression  by  drugs 
(  rarcotics). 

3.  Convulsants, —  As  far  as  these  have  toxicologic  im- 
portance : 

Convulsions  may  be  produced  by  asphyxia  or  through 
direct  stimulation  of  the  convulsion  centers. 

Asphyxial  convulsions  can  be  remo\'ed  by  artificial  respi- 
ration. They  occur  in  the  course  of  poisoning  by  many 
drug-s  which  depress  the  respiratory  center  or  interfere 
mechanically  with  the  admission  of  air  into  the  alveoli.  To 
^he  fon-ner  belong  chloroform  and  anesthetics;  to  the  latter, 
CO.  COj,  and  X.O. 

t^rugs  may  stimulate  the  center  either  in : 


Motor  areas, 
Pons  Mr 

Spinal  cci 


eas,  ^ 
dulla.  \ 
nl:       ) 


The  convulsions  are  epileptiform  or  chorei- 
form;  if  Ionic,  there  is  emproslholonos. 
The  convulsions  are  tetanic ;  opisthotonos. 


^^iially  the  seat  of  the  convulsion  is  more  or  less  widely 
spread,  and  there  is  jierhaps  no  drug  which  affects  exclu- 
^■"dy  one  of  these  centers. 

*^^la/  iouiMlsions  are  produced  most  typically  by  strychnin  and 
ranpin .  Medullary  Comuhi'^ns  hy  the  picrotoxin  group:  comuiin 
'"oin  ergot):  camphor;  carbolic  acid:  ammoni;* ;  vcratrin.  Cerebral 
^"•s^iwoHj  arc  seen  with  cannabis  indica  and  absinthe 

*•  Shook  or  Collapse —  Shock  or  collapse  may  be  defined 
*^  ^  sudden  depression  of  the  activity  of  the  medullary 
^^ter.  Tf  this  depression  results  from  a  reflex,  it  is  called 
*^;  if  produced  directly,  collapse.  Shock  is  ordinarily 
P^«luced  by  traumatism:  it  consists  probably  in  a  reflex 
*"^iHtion. 
^me  authors  reserve  the  term  "shock"   for  the  more 

^'^^  grades  of  depression,  applying  "  collapse "  to   the 
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Iifi"liter  grades,   regardless  of  whether  the  effect   is  direct 
or  indirect.     The  first  delinit'on  api>ears  more  useful. 

Collapse  may  be  produced  by  anemia,  asphyxia,  or  drugs. 

In  any  case  there  is  an  involvemenl  of  the  vasomotor  and 
respiratory  centers,  also  of  the  cardiac  (vagus)  center;  but 
the  latter  is  of  very  little  practical  importance.  The  vaso- 
motor paralysis  is  the  gravest  source  of  danger. 

Depression  of  the  heart  may  be  the  cause  of  the  anemia. 

Drugs  causing  collapse: 
I.  Indirectly: 

1.  All  which  stop  the  heart. 

2.  All  those  which  interfere  mechanically  with  respira- 
tion. 


V»       > 


7(*VN 


^ 


V  c  i  e 


f;\^/''\ns 


g>*^  y?r-^«^».«> 


Fi^.  51, —  t.ti^rt  I'f  IJcmorrhngf  anj  Saline  /tt;r.  /ii>n  t  arntiii  pT 
doff.  { a  >  Normql  iracinK:  ( b)  just  after  complctitiK  the  heroarrhaKc;  1  c  >  ju' 
■fter  completing  the  intravenous  »aline  injection;  id)  and  (c>  arc  takc»»  l***^- 
and   show    the    further    rccvvcry. 


3.  Those    which    protluce    a    violent    reflex    irritaii 
(caustics).     This  is  really  "  shr»ck." 
//.  Directly:   i.  e,,  those  in  which  the  collapse  is  not   p 

ceded  by  other  conspicuous  sjTnptoms: 

Cocain,     Physostigmin.     Benzol    derivatives     {aromatic 
scries).  Hydrocarbon  narcotics. 


I 


Treatment  of  Collapse  and  Shock.— The  treatment  of  these  coD- 
dtlion?  should  Iw  direi:tL<!  Xf>  removinp  the  cause,  if  po«!iihle:  and  to 
meeting  the  symptonts.  .X?.  ri"giird>  the  symftomaiw  trratntrnt.  the 
tfjipiration  shottld  always  receive  attention  Strychnin,  caffcin  or  atrt>- 
pin.  hypodermic  or  rectal  injections  of  camphor,  and  artificial  respira- 
tion arc  nsed  accordinp  to  the  requirements  of  the  case.  These  rMf 
suffice  in  light  ca^es;  hut  in  severe  shock  the  vasomotar  dfprrsrion 
require*  the  jreatesi  attention.    The  same  direct  and  reflex  stimulant 
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measures  which  are  used  to  improve  the  respiration  also  react  favora- 

oq  the  circulation;  but  they  do  not  suffice  in  severe  cases,  since  the 

rcs&cd  vasomotor  center  reacts  very  sluggishly  or  not  at  a\\.     Every 

«R"n    mu>t   be    made    to   mainuin   an   efficient   blood-prcssurc    in   the 

ir>^HiitlMfy  and  coronary  circulation.     This  can  be  done  by  forcing   all 

■^  iT'/r  blood  tvuord  the  head,  by  lowering  the  head  of  the  patient 

fiRhtly    bandaging   the   extremities.     Crilc    employs    a    pneumatic 

!■  r  ihi-^  purpose.     This  is  inflated,  producing  any  desired  degree 

'  inpression.     The    intravenous    injection    of  suprarenal    alkaloid    is 

■  iTccti>-e,  even  when  the  vasomotor  center  is  completely  paralyzed, 

liui  nit>re  experiments  are  needed  before   its  use  on  patients  can  be 

rodorsed. 

Th<  intravenous,   intraperitoneal   or  hvpodcrmic  injection  of  300  to 

ijooo  c.c.  of  nnrmat  saiinr  solution   (09%  NaCI),  of  a  temperature  of 

40    to  45"    C    ( 104   to    iij°    F. ).   produces   respiratory  and   vasomotor 

ifrmulaiion.   mamly   by   iiK'rea^ing   the   mass   of   circulating   fluid.     The 

cffirot    i&  of  di^^»nct    temporary  benefit,    but    is  not   lasting    in   ordinary 

►'►oclc  or   collapse.     The   effect   can   be   somewhat    improved   by   using 

05/^      of  sodium  bicarbonate  in  0.8%  NaCl   (Dawson,  1905).     In  normal 

•nim^s  the   rise  of  blood   pressure   is   very   small.     However,   in   the 

Iprzra      of  collapse  prodttccd  by  severe  hemorrhage,  saline  injection  has 

ccellcnt  and  nersistent  effect    (Fig.   51).    Cooling  should  be  pre- 

cj  by  the  application  of  heat. 


CHAPTER  IX. 


ALKALOIDAL  HYPNOTICS. 
(A)    MORPHIN  GROUP. 


I.  MEMBERS 

/*n«  member?  are  mainly  the  various  opium  alkaloids: 

,  ^'Pliin.  coiiein,   iiarcolin.   papaverin;  also  the  esters  t»b- 

tatfit^  ])y  replacing^  one  or  two  H  atoms  in  morphin  by 

'■anicl^s:     Heniin  (=  diacetyl  morphin)  ;  Dionin(=  ethyl- 

"^°T>hin)  ;  Peronin  (=  benzylmorphin).' 

n.  SUMMARY  OF  ACTIONS. 

*■  Simultaneous  stimulation  and  depression  of  dififerent 
P'*'^  of  the  central  nervous  system. 

*:  -A  local  action  on  the  peristaltic  mechanism  of  the  in- 
testine. 

•J-Jn  larpe  doses,  a  paralysis  of  the  heart  muscle. 

^  *nerc  is  no  effect  upon  the  peripheral  sensory  nerves.) 

-^^fcil   b  a   namnl  «ubftttu()un    vruduct    of    the    ssmc    type,    i.    r.    methyl 
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1.  Central   Nervous   System.^ — (A)    The    Brain. — (a)    In 

the  fro^  the  development  uf  the  symptoms  corresponds 
exactly  to  progressive  removal  of  the  brain.  They  can  be 
well  made  out  if  the  poisoning  is  slow.  The  depression 
begins  with  the  hcinisp/tcrcs.  There  is  a  diminution,  and 
then  absence,  of  sp<mtaneous  muvenients;  but  when  aroused. 
the  animal  will  act  quite  normally.  It  sits  in  the  normal 
position,  shows  the  croaking  reflex,  and  will  climb  up  an 
inclined  plane.  When  placed  in  a  tumbler  filled  with  water 
and  inverted  in  a  large  vessel  nf  water,  it  will  at  first  leave 
the  glass,  but  later  on  it  will  not  do  so.  At  this  time  it 
will  nr>t  avoid  obstacles  in  jumping.  The  lower  brain  iS' 
next  involved,  this  being  shown  in  an  incoordination  of 
movements.  When  placed  on  its  back,  the  animal  will 
make  efforts  to  turn,  without  being  able  to  do  so.  Later 
it  will  lie  quiet.  The  spinal  cord  is  then  involved  and  the 
reflexes  are  lessened. 

After  the  animal  has  remained  in  this  depressed  condition 
for  a  variable  Lime  a  secondary  tetanus  sets  in.  This  is  ot 
the  strychnin  type.  It  usually  passes  into  complete  paraly- 
sis*    The  heart  is  still  beating  at  this  stage.  \ 

(b)  In  nuimmals  the  course  is  similar,  although  there  19 
not  such  an  isolation  of  the  symptoms.  l>3th  because  thj 
centers  are  more  intimately  correlated  and  because  the  a(d 
tion  is  more  rapid.  The  secondary  tetanus  is  less  prom~J 
nent.  but  in  small  animals  quite  manifest.  A  stimulaiic:; 
of  various  higher  centers  of  the  nervous  system,  simi 
taneous  with  the  depression  of  others,  is  much  more  c< 
spicuous  than  in  the  frog. 


One  or  the  other  of  tlicse  two   sets  of  actions,  stimulation  or 

prcssion.   may   predominate   in   different   animaU  or    in   different  i 
viduaU  of  the  same  species.     On  account  of  these  individual  diffcrei 
the   symptoms  are  not   nnifomi.  and   it  is  impossible  to   pronounc 
one    type    of    morphin-poisoning.     Each    part   of   the    central 
system  requirvs-  separate  study. 

Hemispheres. —  In  mammals  the  first  effect,  pnxliic^^ 

doses  too  small  to  elicit  any  other  symptoms,  is  f/'winj-^.^ 

tibilify  to  lasting  iwprrssious.     Especially  stimuli  ^iyf„„ 

to  fain,  cough,  and  other  disagreeable  sensatiuvis.  are 

Ch  diminished  in  their  effects.      With  somewhat  hrgcr 

es  other  persistent  external  impressions,  suc\\  as  those 
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produced  by  light,  sound,  etc.,  are  also  weakened.  The 
sett^tbility  to  sudden  stimuli  is  diminished  but  not  abolished. 
U  seems  to  be  the  attention  which  suffers  mainly.  The 
impressions  reach  the  brain,  but  produce  little  etTect  there, 
and.  attracting  little  attention  on  the  pan  of  the  animal, 
are  neglected.  The  faculty  of  memorizing  also  suffers 
severely  (Weygandt,  1903).  These  conditions  exist  in 
practically  all  animals  possessed  of  a  higher  brain. 

In  larger  doses  morphin   affects  other  portions  of  the 

hemispheres  besides  those  having  to  do  with  external  ini- 

prc<.sions,    and   the   effects   upon   these   are   variable.     Its 

rx'pical  effect  in  man  is  to  produce  quietness,  which,  aided 

hy   suppression  of  external  stimuli,  passess  into  a  dreamy, 

at»«?iracted  condition,  or  into  torpor,  sleep,  and  coma,  ac- 

coT-ding  to  the  dose. 


■^  '^f  milder  degrees  of  narcosis^  are  mainly  Hue  to  the  blunting 
0*  th:  attention  —  to  tlie  exclusion  of  external  stimuli  —  and  not  to 
'*5*>»«$ion  of  the  entire  cerebrum.  Tbis  is  indicated  by  the  fact  that 
V^^  *'«P  produced  by  fmall  doses  is  refrcsliing,  and  the  patient  can 
^  rcviily  .md  completely  awakened.  Otlier  facts  point  to  tbe  same 
5***~*^Iu^ion.  The  sleep  or  coma  produced  by  large  doses,  however, 
"'^'""^Ins  a  more  cxtensi.e  depression:  in  the  deeper  degrees  of  nar- 
^^  "*  *  \\  may   be    impossible   to   arouse   the    patient   to   complelc    coii- 

Iii^  narcosis  is  not  seen   in  all  animals.     It   is  tbe  usual  effect   in 

».  in  the   dog,  rabbit,   guinea  pig,   white   rat,   mouse  and   sparrow. 

*hc  cat.  horse.  a«s,  beef,   sheep,   pig  and   goat,  on  the  other  hand. 

in   in    moderate   doics   produces,   almost   pure  excitenicnt,   mani- 

b>'  resilc<.sncss  and  incessant  movement. 

.,     — -«•  even  in  this  condition  one  may  notice  the  depres^^ing  action  upon 

^       »1tcnlion,    for   the   ammal   does   not    avoid   obstacles   in   a   normal 

?**^ncf.  and  when  it  comes  into  violent  contact  with  some  object,  this 

^"'^'%  not  seem  to  make  any  lasting  impression  upon  it,  and  does  not 

^^^^  it  to  be  more  careful. 

j^^«^me  Ea*.tem  races,  especially  the  \ialays,  af  well  as  some  individuals 

'^'      ""^ther    races,   most    frequently    women,    also   manifest    almost    pure 

^^  f   eflfects,  so   that  the   morphin  produces  wakefulness   instead 

ness.     In   many   cases   this    restlessness    srem    to   precede   the 

.,    although    not    the    lowering   of    the    attention.     Dogs 

.V  m.Trkcd  excitement  before  the  depression  sets  in. 

,    ,n,$nhers  of  the  groul*,  especially  codcin  and  beroin,  show 

jtively    slight    quieting,    and    comparatively    strong    excitant. 

'\'ilh   these,   the  maximum  of  h.V'pnosis  is  soon    reached,   and 

e   he    raised   beyond   this   point,  the   slight  depressant   action 

entirely  and  is  replaced   by  excitement.    These   phenomena 

'■■   ;     i     l:   :is  to  tbe  secondary  tetanus.     Different   animals   show   the 

,"■*-    'iiTLT-Mucs   with   regard   to  tbe  narcotic  and   stimulating   actions 

'^'  'htse  derivatives  as  iliey  do  with  morphin. 

.     .*  Nm<9tUa    are     suti»tancr«    havtne     the     property     nf     stupffyinR.     The     (ol- 
?*^*>C   ^ags    ire    tlasied    unilrr    this    heading:    Aconite,    hydrocarbons.    Iwlla- 
nnnalMs.    conium.    difitaltf.    humntiis.    hyascyamu».    heincnrium.    opium 
ttmnontum. 
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Morphin  is  by  far  the  most  active  member  of  this  series, 
as  far  as  the  hypnotic  and   atialpesic effects  are  concerned. 

The  motor  areas  may  be  very  vlifferently  affected.  In 
dogs  one  sees  very  frequently  a  paralysis  of  the  hinil  legs, 
resulting  in  a  crouching  thyenoid)  walk,  which  prt)babiy 
has  its  cause  in  tlepressicin  of  the  cerebral  center.  These 
animals  always  show  a  clumsiness  in  their  voluntary  move- 
ments, bearing  the  closest  resemblance  to  that  prfKluced  by 
ablation  of  the  motor  areas.      Her^jin  gives  the  same  effects. 

On  the  other  hand,  one  often  sees  epileptiform  convul- 
sions, tremors,  or  choreif<»rm  twitchings  of  single  limbs 
which  seem  to  arise  from  irritation  of  this  center.  The 
excitability  of  the  motor  areas  to  electric  stimulation  is  not 
affected. 

On  the  special  senses  morphin  seems  to  have  no  effect. 
The  changes  which  are  noterl  —  namely,  a  less  acute  i>er- 
ception  —  can  be  accounted  for  entirely  by  disturbance  in 
the  attention.  On  the  other  hand,  the  reflexes  to  which 
they  give  rise  when  suddenly  excited,  are  increased.  This 
ile|)ends  upon  the  heighicncil  cxciiability  of  the  spinal  cord. 

The  imagiuotion  is  peculiarly  affectetl.  In  most  people 
the  period  of  abstraction  and  light  sleep  is  filled  with  dreams 
which  are  usually  pleasant. 


I 


At  leai^t  the  greater  part  of  this  may  be  ascribed  to  the  suppression 
of  the  external,  and  especially  of  unpleasant,  impressions  Whether 
there  is  also  a  stimulation  of  an  "imagination  center"  must  he  left 
undecided.  Perhaps  the  af^hrodisiac  effects  can  be  explained  by  this 
unrestrained  imajjination.  perhaps  also  by  stimulation  of  the  center  in 
the  cord,  fnr  the  mnre  ^^innilaiing  members  of  the  group,  such  aa 
heroin,  produce  erection  in  dogs.  In  man.  on  the  other  hand,  heroin 
is  said  to  act  as  an  anaphrodi^-uc 


(  B )  The  Medulla.^ —  The  effects  upon  the  medulla  are 
ver}'  characteristic.  There  is  less  variati(->n  in  individuals. 
but  the  separate  centers  show  a  very  different  reaction. 

ia)  The  Respiratory  Center, —  Morphin  depresses  this- 
center.  The  respiration  is  rendered  slower  and  more  shal- 
low by  small  doses,  and  the  volume  of  air  respire*!  in 
given  time  is  diminishe<l.'  The  COa  of  the  blood  therefor 
rises,  although  less  oxygen  is  consumed  on  account  of  ih 
quieting  influence  of  the  morphin.     The  sensitiveness  o 


'  In  the  dog,  ihc  nrin-iary  blowing  of  the  rc«pifa!ton  it  almost 
followed  by  a  iuildcn  larye  increase  (the  rate  may  ri»c  in  ten  mir 
14   to  J34-)     Tbit-  IS  ftttain    succeeded    by   slowing. 
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te  center  to  reflex  stimulation  ( such  as  gives  rise  to  cough) 
is  also  greatly  diminished.  Larger  doses  cause  further  de- 
pression, the  respiratii.m  becoming  very  slow,  shallow  and 
irregiilar,  and  often  assuming  the  intermittent.  Cheyne- 
Stokcs  type. 

Xhe  phenomenon  of  Cheyne-Stokes  respiration  consists  in  an  alter- 
nation of  short  periods  of  efficicnl  respiration  wuli  long  periods  during 
whioh  the  re«pi  ration  is  very  slow  and  feeble.  The  periods^  shade  into 
each     other  gradually  (sec  Fig.  52). 

Cheync-Stokcs  respiration  is  produced  by  a  large  number  of  drugs 
whiot^    have  m  common  a  depression  of  the  respiratory  center. 

Tl-ie  inefficient  respiration  leads  to  asphyxia,  with  the 
eflFe<rt:s  described  on  page  147.  The  asphyxial  convulsions 
are  cjften  absent,  especially  in  man,  on  account  of  the  de- 
pression of  the  central  nervous  system.  The  asphyxia  cun- 
stitxatcs  the  usual  cause  of  death. 


Fig.  12. —  Chcync-Sioke*  Respiration   <HCN  poisoning,  dog). 

-     **he  action  of  Heroin  on  the  respiration  differs  somewhat 

^J*"**^  that  of  morphin.     This  drug  also  depresses  the  sensi- 

'v^neis  of  the  respiratory  center,  but  nuich  more  lo  reflex 

yrrjuiation  (cough)  than  to  direct  stimulation  (venosity 
?*  the  blood).  Therapeutic  doses  slow  the  rate  (by  50*/^  ). 
PM^    increase  the  depth  and   force  of  the  respiration,  par- 

^^ularly  of  inspiration.  The  volume  of  the  individual  res- 
■**'"ations  is  therefore  increased  ( by  40% ).  The  total 
^Uantit]rof  air  respired  in  a  given  time  is  but  little  altered; 
^*^d  the  CO2  <^f  the  blood  is  very  little  increased.     Larger 

^^scs  act  like  morphin. 

Heroin  is  therefore  somewhat  superior   to  morphin   in 

^oupr|^.  ^],g  more  so  since  it  is  less  apt  to  create  a  habit ;  and 

^Jso  because  the  therapeutic  dose  and  the  toxic  dose  lie  far- 
^»^«T  apart.  (Although  the  absolute  fatal  <lose  of  heroin  is 
■^nialler  than  that  of  morphin,  it  exceeds  the  therapeutic  dose 
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200  times;  whilst  with  inorphin  the  difference  is  only  80 
times,  in  rabbits.)  The  jjredilection  of  heroin  for  this  cen- 
ter is  so  pronounced,  tliat  this  action  can  be  obtained  by 
appropriate  doses,  witlunit  producing  any  other  nervous 
effects,  (It  must  be  reniarke<l.  however,  that  these  favora- 
ble results  have  ni>t  been  obtained  by  all  experimenters. 
The  bulk  nf  the  evidence  is  certainly  in  favor  of  heroin.) 

Codcin,  diottin  and  pcronin  are  intermediate  in  regard  to 
their  respiratory  actions,  codein  approaching  most  closely 
to  heroin.  Since  these  drugs  are  excitant  in  their  general 
actions,  they  may  increase  the  oxygen  consumption. 

{b)  Effects  on  the  Circulation, —  These  are  quite  com- 
plicated, and  therefore  variable;  but  they  have  little  prac- 
tical importance  as  they  are  only  pronounced  by  very  large 
doses. 


The  actions  are  presented  in  the  following  diagram : 


Small 

Tfloderat* 
DoAe5 

Larg* 

Crard.La/:  [TIlkcLp 

Va^as  Certter 
VasomfltorCenSr 

Rtlse  Rate 
Diflod  Pressure 

^ ^ 

"^ 

''^--^ 

>s 

^ 

Fig.    53. —  Diagram   of   tht    Action    of    Morphine   on    thf    CircMlatioH:     A 
atwve  th«  abscissx  indicates  an  increase  or  dtunulaiioR.  a  fall   below  the  abtei 
a  decrease  or  depression. 

Morphin   affects   the   cardiac   muscle  and  the  vagus   and   vaso 

Iters,   all   being  first   stimulated,   and   then   depressed.     Small   d 

»  a  slight  quickening  of  tlie  pidse  through  stimulation  of  tlie  c 

muscle.     Larger  doses   slow   the   rate   tlirongh   vagus   Mimiilati 

he  pressure   remains  normal,  the   slowing  being   compensated 

asomotnr  stimulation.     Large  doses  depress  all   the   functions, 

the   pressure    falls   greatly.    The   respiratory   center,   however, 

■yzcd  t>efore  the  circulation. 
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ere  is  a  soniewhat  specific  stimulation  of  the  vaso- 
lator  center  for   the  cutaneous  vessels  even  witli   small 
ses.     The   skin    becomes    red.     Tiiere    is    a    feeling    of 
iirmth   and   an   increased   secretion   of  sweat.     This  ery- 
thema in  lii^her  grades  or  in  susceptible  individuals  may 
lead  to  exanthemata.'     With  large  d<tses  the  skin  becomes 
^^alc.  through  the  vasodilatation  of  the  splanchnic  area,  and 
^^^anottc  from  the  asphyxia. 

I         There  is  no  proof  of  any  direct  action  on  the  cerebral  circulation. 

*  '      will   he  lowered   indirectly  as   Uic  result  of  the  general    fall   of 

prcs'-urc,   if  the  dose  has  been   sufficient   to  produce   the   latter 

i.-uii      According  to  Aliprandi   O905)   there  is  a  short   vasoconstric- 

Iton,  followed  by  a  lasting  dilatation. 

(r)  Effect  on  the  Pupils. —  In  man,  morphin  produces  a 
strong  cnntraction  of  the  pupil  (miosis).     This  effect 
s  no  therapeutic  application,  but  is  important  in  the  diag- 
nosis of  moqihin  jKiJsoning. 

The  miosis  occurs  after  systemic,  hut  not  after  local  ap- 
plication. It  cannot  be  protluced  on  an  enucleated  eyeball. 
It  is  therefore  central,  and  is  generally  attributed  to  paraly- 
sis of  the  medullary  pupillo-dilator  center. 

It   might  be  due  either   to  a   stimulation   of  the  con- 

ctor  center  or  to  a  depression  of  the  dilator  center.     It 

probably  paralytic,  for  most  of  the  other  effects  of  mor- 

in  on  tiie  medulla  are  paralyzing,  and  the  miosis  persists 

the  highest  grades  of  poisoning,  when  stimulation  would 

scarcely  be  possible.     Further,  in  those  animals  in  which 

morphin  has  an  excitant  action  (cat),  it  produces  ditata- 

Uon    instead    of   contniction.     In    the    dog,    the   pupillary 

'   ect  is  variable,  but  usually  dilator. 

(d)  Several  effects  of  morphin  are  probably,  at  least  in 

rt.  due  to  its  medullary  action :  thus,  salivation,  vomit- 

g,  sweating,   etc.     These  will  be  considered  later,   since 

c  central  ner\'ous  system  is  only  one  of  the  factors  in- 

vcd.     The  szi*eating  is  mainly  secondary  to  the  dilata- 

of  the  cutaneous  vessels  and  later  to  the  asphyxia. 

\c  tffnperaturt  is  hnvcrcd   (sometimes  this  may  be  preceded  by  a 

ixlit  ri*e»      The  fall  may  be  as  large  as  2*  C  with  large  doses,  the 

-nding.  however,  more  upon  idiosyncrasy  than  upon  the  dose. 

-i    is   piirticiilarly   great    if   the    animal    i^    kept    in   cold    sur- 

Thc   cause   of   the    fall    is   a   diminished   heat   production. 

*OtiirT    pmanni    which    may    produce    erytbcina    arc:    alropin,    quinln.    chloral, 
-Mr  produca.  iodid*.  bromids.  amitotic  Kra.  etc. 


-_-    I  — 
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which  may  be  reduced  by  80%  in  extreme  cases,  reaching  its  minimum 
in  the  third  hour.  The  heal  loss  is  diminished  (up  to  io%).  partly 
Ihrough  the  effort  of  llic  heat  centers  to  compensate  for  the  dimin- 
ished production,  partly  through  (he  depressed  circulation. 

( C)    Effects    upon    the    Spinal    Cord. —  Morphin    (als<> 

heroin,  codcin.  anil  the  other  members  of  the  group)  stimu- 
lates the  spinal  cord  after  the  manner  uf  strychnin,-  increas- 
ing the  retlexes,  and  in  large  doses  producing  convulsions. 
(Strychnin  is  therefore  not  a  g(Hid  antidote  for  morphin: 
one  of  the  opiuni  alkaloids,  thebain.  is  even  a  typical  mem- 
ber of  the  stryclmin  group.) 

The  stimulation  persists  even  with  very  large  doses;  the  convulsive 
dose  is  indeed  so  large  that  mammals  susceptible  to  the  depressant 
action  of  morphin  {c.  g.,  man)  die  from  paralysis  of  Uic  higher  cen- 
ters before  the  convnlsaiit  dose  is  reachea.  In  the  frog,  the  tetanus 
develops  so  slowly  that  it  may  not  appear  until  tbe  paralysis  of  the 
cerebrum  h;is  lasted  some  hours. 

The  cause  of  the  action  of  morphin  on  the  central  nervous  ^ystctn 
is  very  imptrfectly  uridert^tood,  ju»t  as  is  that  of  all  olher  alkaloids. 
It  has  been  attempted  to  explain  its  action  by  a  dian^c  in  cerebral 
circulation,  but  this  change  comes  late  and  is  seen  only  with  the  largest 
doses.  But  even  if  this  explanation  were  true,  it  would  not  give  any 
real  insight  intp  the  cause  of  the  action,  but  only  advance  the  question 
one  step  further:  for  this  itself  would  be  due  to  depression  of  tbe 
vasomotor  center.  The  same  disctission  has  been  going  on  in  regard 
to  natural  sleep. 

Others  have  sought  for  histologic  changes,  but  with  the  present  meth- 
ods, unsiiccessfully.  As  to  gross  changes  in  the  brain,  almost  all  drugs 
which  cause  narcosis  or  tetanus  are  said  to  produce  hyperemia  of  the 
membranes,  often  also  some  effusion  into  the  ventricles. 

2.  Peripheral  Actions — (a)  Morphin  and  other  members 
of  the  group  have  |)ractically  uo  action  upon  muscle-  or 
ficn'c-fibcrs  or  cmlhigs.  Particular  stress  must  be  laid  on 
the  fact  that  the  sensory  endings  are  in  no  7vay  affected,  so 
that  the  local  application  of  morphin  or  opium  is  entirely 
irrational. 


But  this  is  a  practice  which  clinicians  seem  ver>'  loath  to  renounce, 
and  lotions  and  local  injections  containing  morphin  are  still  very  fre- 
quently employed.  The  apparent  gCK^d  results  obtained  are  largely 
due  to  the  absori>tion  of  morphin  from  wounds  or  miicous  surfaces. 
It  can  even  Iw  absorbed  to  a  slight  extent  from  the  unbroken  skin. 
The  most  popular  form  of  this  local  use  is  the  lead  and  opium  wa<h. 
and  this  certainly  gives  satisfactory  results.  Tbe  effects  are  probably 
to  be  explained  by  the  non-irritatm^  covering  furnished  by  the  lead 
precipitate,  and  by  the  astringent  action  of  the  lead  itself.  (The  mor- 
phin is  not  precipitated  by  (be  lead.)  The  direct  application  of  co«iein 
destroys  the  activity  of  nerve  ganglia  and  nerve-fibers. 

The  application  of  diotiin  to  the  eye  causes  acute  edema  of  the  coo- 
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Junctiva.  appearing  in  a  few  minutes,  and  lasting  several  hours.     This 
i>  atscnbcd  lo  a  dilation  nf  the  vessels.     U  is  utilised  in  ophthalmology, 

(b)  Effects  upon  the  Alimentary  Canal. —  Stomach, — 
Moq}hin,  no  matter  how  adtninislcred.  impairs  the  digestion 
ajid  tends  to  produce  nausea,  vomiting,  and  salivation. 

Morphin  is  excreted  very  rapidly  into  the  stomach,  but  there  is  no 

rea*on  to  assume  any  local  irritation.     The  action  is  probably  central, 

f    r.  an  indication  of  the  effect  which  is  more  fully  developed  in  apo- 

moTT<hin.     The  emcnc  action  is  followed  by  depresi^ion  of  the  vomiting 

center,  at  least  in  dog>,  so  thai  irritant  emetics  prove  ineffective. 

T!]e  degree  of  nausea  varies  greatly  in   different   individuals.     It  is 

<  so  severe,  and  accompanied  by  so  much  depression,  that  it 

the  use  of  morphin.     It  may  be  lessened  by  bromids,  in  some 

ra-'cs 

Heroin  produces  only  salivation,  with  very  little  gastric  disturl)- 
mncc. 

Effect  on  Pcrlstijlsis. —  Small  doses  of  morphin  lessen 
peristalsis  in  all  animals:  this  is  also  the  effect  of  larger 
doses  in  man ;  but  the  dog  and  some  other  animals  react  to 
large  doses  by  greatly  increased  peristalsis.  These  effects 
arc  very'  marked. 

Two  explanations  of  the  mechanism  of  the  constipating  action  have 
:n  advanced.  That  (»f  NothnaKcI  attributes  the  effect  to  stimulation 
fof  the  central  origin  of  the  inhibitory  splanchnic  fiber.  The  other 
tlheory  explains  it  by  depression  of  the  local  reflex  nervous  mechanism 
^<the  cells  of  Auerbach's  and  Meis^ner's  plexus  y  controlling  peristalsis, 
latter  view  is  the  more  commonly  accepted,  but  neither  theory  is 
iali<factory. 

^nlly  believed  that  opium   is  more  con^-tipating  than  mor- 
phia '  some  other  data  support  the  tlicr>ry  of  peripheral  action. 
N.. L, ..;..»,.,  ^    theory    (18K2)    is   based   on   the   following   experiments, 
made  on  rabbits : 

The  application  of  a  crystal  of  NaCI  to  the  miisCTilar  coal  of  the  un- 
»£*oncd  interline  produces  a  ctmsiriction  above  the  point  of  applica- 
Jcm  —  I-  <•..  the  effect  is  identical  with  that  produced  by  mechanical 
fytimuli.  and  is.  therefore,  due  lo  stimulation  of  Aucrbach's  plexus. 
XA  crystal  of  KCI.  on  the  other  hand.  pro<Iuces  a  constriction  ring 
I^Hp^  remainw  confined  to  the  pdinl  of  application,  and  is.  therefore, 
rnie  in  origin  )  The  admmistration  of  20  mg.  of  morphin  pre- 
the  spreading  of  this  reflex:  but  it  reappears  if  the  mesenteric 
nerves  are  divided.  It  is  therefore  assumed  that  the  morphin  stimit- 
itihibitor>'  fiber*  centrally.  The  rc6ex  also  reappears  if 
f  morphin    (60  mg.)   arc  given;   these  would  therefore 

, ,  iihibitory  nerves. 

Ttie  theory  docs  not  cxpl.iin  why  morphin  also  prevents  peristalsis 
CJinsed   hv  ptirely  locally   acting  drugs,  such  as  nicolin. 

7f  'd  peristalsis   from  large  doses  of  morphin  is  best  cx- 

pU:i  uming  a  local   irritation. 
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(c)  Secretions. —  Our  knowledge  in  regard  to  this  sub- 
ject is  also  unsatisfactor).  Whilst  morphin  generally  lends 
to  check  the  salivary  as  well  as  the  bronchial  secretions,  yet 
the  saliva  is  very  frequently  increased.  When  this  occurs 
in  early  stages,  it  may  be  attributed  to  nausea,  but  it  some- 
times occurs  rather  loo  late  for  this  explanation  to  hold, 
and  it  is  possible  that  the  medullary  salivation  center  is  in- 
volved. The  sweat  is  increased  through  the  cutaneous 
h\-peremia.     Heroin  also  increases  saliva  and  sweat. 

The  appetite  is  diminished  on  account  of  tlie  lessened 
perception  of  hunger  and  through  gastric  derangement. 

(d)  Metabolism  is  also  lessened  on  account  of  the  quiet 
condition  of  the  animal  and.  in  prolonged  obsen-ationSy  on 
account  of  the  disturbed  digestion.  The  COj  is  increased 
in  the  blood  through  the  asphyxia.  The  nitrogen  excretion 
is  also  lessened,  but  the  ratio  of  urea  to  total  nitrogen  is  not 
altered.  That  the  lessened  output  of  COj  is  really  due  to 
depression  is  shown  by  the  fact  that  it  is  increased  in  the 
cat  and  by  the  stimulating  members  of  the  group  (codein). 
The  urine  often  reduces  copper,  from  the  presence  of  mor- 
phin-glycuronic  acid.  Glycosuria  also  arises  from  the 
asphyxia.  The  leucocytes  of  the  blood  are  diminished  in 
morphin  poisoning,  acute  or  chronic. 


III.  ABSORPTION.   F.\TE.   AND   EXCRETION. 

Morphin  is  readily  absorbed  from  all  surfaces,  and  to 
some  extent  e\'en  from  the  unbroken  skin.  Its  fitrther  fate 
was  for  a  long  time  problematic  Although  contradictory 
claims  have  been  made,  it  is  now  conceded  that  only  the 
very-  faintest  traces,  if  any.  are  excreted  through  the  urine. 
Xor  does  this  contain  any  morphin  derivatives.  Recent 
investigations  have  shown  that  after  hj^podermic  injections 
up  to  66^  is  excreted  through  the  saliva  and  gastric 
juice,  and  especially  through  the  intestine.  This  large 
percentage  holds  only  for  acute  poisoning.  It  is  ver^'  much 
reduced  in  chronic  poisoning,  as  will  be  described  under 
that  heading. 

Some  of  the  morphin  is  also  excrete<I  by  the  milk  and 
may  cause  morphinism  in  sucklings.  The  rest  is  decom- 
posed in  the  bo«Iy. 

The  evcrrtion  by  the  alimentary  canal  U  xtry  rapid :  fDOr|AtB  cMI 
be  discovered  in   the   s^itiva   within  three  minutes  after  a  bypodcmnc 
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r^cction;  it  disappears  again  from  the  btomach  in  about  an  hour. 
The  morphin  disappears  from  the  blood  within  twenty  minutes,  but 
is  not  destroyed  in  this  fluid.  A  considerable  amount  is  fixed  by  the 
lipoids  of  the  nervous  tissues,  and  by  the  liver,  and  is  there  gradually 
destroyed  by  oxidative  processes,  ll  disappears  entirely  from  ihe  body 
vb-ithtn  two  days  (Cloctta,  1903). 

Of  codc'm  about  80%  is  excreted  unchanged,  mainly  by 
the  urine,  but  some  also  by  the  feces.  Repeated  adminis- 
tration does  not  lead  to  increased  destruction,  nor  does  it 
appear  to  produce  tolerance  of  this  alkaloid. 

The  substances  uhich  cause  the  characteristic  odor  of 
opium  arc  excreted  largely  by  the  urine,  and  to  some  extent 
also  by  the  breath,  sweat,  and  milk. 

IV.  PRINXIPAL  DIFFERENCES  AMONGST  THE  IMPORTANT 
MEMBERS  OF  THE   GROUP. 

Morphin  produces  the  greatest  narcotic,  analgesic  and 
hypnotic  and  intestinal  actions,  and  has  the  least  stimulant 
effect.  It  causes  the  greatest  derangement  of  digestion  and 
is  most  apt  to  induce  a  habit. 

Hi^roin  has  a  specific  effect  upon  respiration.  In  other 
respects  it  is  more  stimulating  and  less  narcotic,  and  it  acts 
less  u|>on  the  alimentary  canal. 

Codcin,  Pcronin,  Dionin  and  Narcotin  are  intermediate 
between  morphin  and  heroin.  Dionin  has  a  specific  action 
nn  the  conjimctiva.  Narccin  is  practically  inactive.  The- 
hain  acts  like  strychnin. 


The  members  of  the  protopin  group  (protoptn,  cryptopin,  chelidomn, 
hOd»chclidonin.  and  chelerythrin),  which  arc  found  to  some  extent 
m  opmm.  but  especially  in  other  Papaveraccic,  cause  paralysis  of  the 
5et»«ory  endings  in  ihc  manner  of  cocain.  They  also  produce  a  paralytic 
change  in  the  striped  muscle  endings,  50  that  stimulation  with  inter- 
mpied  current  only  produces  a  series  of  very  rapid  and  complete 
contractions  and  relaxations  instead  of  a  continuous  tetanus.  The 
heart  muscle  is  also  depressed,  so  that  the  heart  is  weak  and  slow. 
The  refpiralion  is  stimulated.  These  drugs  have  little  or  no  thera- 
peutic importance. 

A  preparation  of  sanguinaria  examined  by  the  author  had  very  little 
^ction  on  the  heart,  and  was  purely  depressant  to  the  central  nervous 
"^  ^tem.  the  reflexes  being  diminished,  the  respiration  slow  and  shallow, 
in<i  flenth  occurring  through  respiratory  paralysis.  No  secondary 
•  fis  noticed  on  Ihe  frog.  Other  observers  have  noted  nausea 
It  peristalsis,  with  vcn,-  little  central  depression.  This  inter- 
C3tir£  drag  rtquircs  further  investigation. 

"  '    ■  '.      *  f~'-  utic  Structure  and  .trtioti. —  The  narcotic  actions  of 

led  with  the  two  OH  groups  of  its  molecule.    When 

ij:r*t4ii;  iti-i.»'.'-u  I'V  Other  chaius  (as  in  herom  or  codcin),  the  strych- 
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mn  action  predominates;  this  convulsive  action  increases  with  the  size 
of  the  molecules  which  arc.  introduced.  The  alkaloids  of  opium  belong 
to  two  cheniic  groups:  Morphin,  Codcin,  Pseudomorphin  (Oxydinvir- 
phin),  and  Thebain  being  derived  from  the  base  SiorphoUn;  whilst 
Papaverin,  Narcoiin.  and  Narcein  are  derivatives  of  Isuquinolin.  Not- 
withstanding this  chemical  difTcrcnce,  the  actions  are  quahtatively  ver) 
similar 

Relation  to  Other  Groups. —  The  morphin  group  is  closely  connecte<|i 
with  a  number  of  other  groups;  with  slrychnin  through  iu  spinal  ac^ 
tion ;   with   alcohol  through   its   narcotic  action;   with   Canitahis  hxdica 
through  the  cerebral  effects;  with  cocain  through  the  proiopin   group, 
with  apomorphin  through  its  composition  and  the  subordinate  emetic 
action. 

V.  CHRONIC  OPIUMISM. 

Whilst  the  therapeutic  use  of  opium  dates  back  of  Hippocrates,  it? 
habitual  use  seems  to  be  of  more  recent  origin.  The  first  authentic 
records  fall  in  the  Ix-ginning  of  the  sixteenth  ccntun-.  It  would  seem 
that  its  use  i<  much  older  in  India  than  in  Turkey,  and  that  the  Mo- 
hammedans learned  it  through  the  conquest  of  the  former  country 
Their  acquaintance  with  cannabis  indica  is  of  much  earlier  date.  The 
existence  of  the  opium  ba!>it  was  nt  first  confined  to  the  Orient;  its 
mtroduction  into  Europe  and  America  is  of  very  modem  date. 

Opium  users  intrrKkice  the  drug-  in  three  different  ways: 
by  smoking',  by  eating,  or  by  hypi;>dermic  injection  of  mor- 
phin. Smoking  is  the  form  mainly  practised  in  the  East, 
and  is  not  uncommon  in  llie  I'nited  States. 


Smoking-opium  (chandoe)  is  prepared  by  the  Chinese,  by  a  compli- 
cated process  of  roasting,  and  repeated  extraction  and  evaporation.  Its 
morphin-contcnt  is  about  the  same  as  that  of  ordinary  opium;  but  it  is 
claimed  that  the  opium  smoke  docs  not  contain  morphin  (»•.  g..  Hari- 
wich  and  Simon.  IQ03).  This  statement  necd^  confirmation,  in  view 
of  the  close  agreement  of  the  effects  of  opium  smoking  with  those  of 
morphin.  The  smoking,  however,  produces  a  more  pronounced  psychic 
stimulation,  a  form  of  intoxication,  differing  from  that  of  alcohol  in 
that  it  causes  greater  energ>-.  vividness,  and  sharpness  of  imagination. 
The  half-conscious  victim  is  removed  from  the  unpleasant  r^^ality  into 
a  realm  of  glowing  fancy,  accompanied  by  lethargj*.  Thi^  rather  pleas- 
ant condition  is  not  lasting:  the  patient  awakens  in  a  few  hours  to 
sensations  similar  to  those  following  an  alcoholic  excess,  but  much 
worse.     To  e?cape  these,  he  is  apt  to  resort  to  more  of  the  poison. 

The  ultimate  consequences  of  opium  smoking  are  the  same  as  those 
of  the  other  forms  of  opium  habit.  They  do  not  develop  as  rapidly 
partly  because  the  quantity  consumed  in  smoking  is  necessarily  inor* 
moderate. 

This  description  of  the  bad  effects  applies  mainly  tn  the  Kuropea.i 
^^ces.  Curiously  enough.  Eastern  races  are  not  affected  in  the  sam 
;.  They  smoke  opium  more  as  a  Kuropean  smokes  tobacco.  Thougji 
*Our<e.  incap;ibte  of  doing  work  while  under  the  influence.  \V 
irg>-  need  not  last  longer  than  half  an  hour,  when-  they  can  resvi^-t 
■  business.  Nor  do  they  show  the  moral  degenerations  «o  strilci) 
Je  Western  nsers, 

"he  danger  of  falling  into  the  opium  habit  is  not  eq\iaily  greai     ft 
cons.     Resides  the  individual  differences  in  the  moral  sen.sc,    ^^7 
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cic,  ihosc  who  are  pleasantly  siimulatcd  by  morphin  are  nai- 
;fUX^  more  exposed  to  its  dangers  than  those  who  are  affected  un- 
pletMtitly ;  but  the  danger  exists  for  all.  and  must  be  constantly  in 
the  mind  ol  the  physician  when  he  prescribes  these  drugs. 


I 


When  opium  or  morphin  are  taken  by  the  mouth  or 
hypodermic  ally,  the  effects  on  the  imagination  are  iniicli 
/ess  pronounced.     These  forms  of  morphinism  cannot  even 
boast  of  the  delusive  pleasures  of  smoking,  though  it  can- 
not l)e  denied  that  opium,  even  when  taken  by  the  uiouth 
Of-     through  the  skin,  produces  at  first  tlie  somewhat  nega- 
tive pleasure  which  consists  more  in  a  brutish  indifference 
to     surroundings  than  in  any  actual  enjoyment.     In  smaller 
^e>^»«s  the  capacity  for  enjoyment  may  even  be  increased, 
Ju  ^«  as  with  alcohol,  by  removal  of  the  ordinary  restraining 
^"^I>ulses.     But.  not  to  mention   the  final   cost,   even   this 
P^^^^isure  soon  fades,  and  ere  long  the  famed  dreams  of  the 
*^I>ivim  eater  degenerate  into  nightmares  quite  as  bad  as 
"**^se  of  delirium  tremens.     The  opium  eater  now  takes  his 
*''~^'*;g  not  because  he  wants  it.  but  because  he  cannot  get 
^'*  *Tig  without  it.     When  it  has  once  taken  a  tiiorough  hold, 
'^*'*i~pliinism   must   be   considered   not   so  much   as  an   in- 
*^''^  t\  'A  pleasure,  or  a  vice,  but  as  a  real  disease.     The 

^'  ii  having  l>ecnme  accustomed  to  wr>rking  under  its 

^^^Htienoe,  revolts  in  a  very  violent  manner  against  its  with- 
^rawal,  A  remarkable  tolerance  to  the  poison  is  acquired. 
?*^  that  morphin  victims  consume  quantities  which  would 
**  surely  fatal  to  ordinary  individuals. 

The  daily  consumption  of  morphin  is  generally  about  0.5  Gm. ;  but 

V  ^t^icfi  as   ::  V,  Gm.   (H5  grains,  or  one  and  two-thirds  of  the  ordinary 

'  en  reported.     Even  larger  doscs  are  claimed  by  patients ; 

Mucnis  are  generally   unreliable,  since   they  are  made  in 

^'^^  iKi|t«  thai  the  drug  will  be  withdrawn  more  gradually. 

However,  there  can  be  no  question  that  extraordinarily 
■^^  doses  can  be  taken  daily  without  producing  acute 
^■^ptoms.  and  are  even  necessary  to  prevent  the  with- 
^Uwa!  sym]>toms.  This  immunity  to  morphin  is.  how- 
^'^^,  nc\'er  absolute,  and  death  from  overdoses  forms  the 
^M  frequent  "  excitus  letalis  "  of  the  morphinist. 

The  abstinence  symptoms  are  something  verv'  difficult  to 

**P*'<in.  and  so  far  they  have  been  demonstrated  only  with 

^"im  and  cr>cain ;  the  delirium  tremens  of  alcoholics  may 

ir  phenomenon. 

1.1 
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Explanation  of  the  Acquired  Tolerance  to  Morphin.—  Marine 
believed  ihat  rm»rvhin  nav  iriinsformcd  in  the  body  into  a  substance, 
oxydimorpliin,  with  exactly  opposite  actions.  This  substance,  he  sup- 
posed, produced  the  abstinence  symptonis;  required  the  introduction  of 
increasing  amounts  of  morphin  to  neutralize  us  effects;  and  in  turn 
neutralized  the  morphin,  accounting  in  this  way  for  the  tolerance. 
This  hypothesis  is  not  supported  by  facts;  the  morphin  is  not  trans- 
formed into  oxydimorphin.  at  least  to  any  e;(ient ;  and  the  actiotts  of 
oxydimorphin  do  not  agree  with  those  assumed  by  Marme.  It  has  no 
narcotic  effect.  If  it  is  introduced  hypodermically,  or  if  it  is  injected 
slowly  by  a  vein,  it  is  absolutely  inactive,  because  it  is  rapidly  de- 
stroyed in  the  alkaline  media  of  the  body.  This  rapid  destruction 
speaks  strongly  against  its  being  concerned  in  the  morphin  habit.  If 
it  is  injected  suddenly  into  a  vein,  it  causes  vomiting,  diarrhea  (which 
is  often  bloody),  and   death  by  paralysis  nf  respiration. 

It  has  been  claimed  repeatedly  that  the  serum  of  animals  habituated 
to  morphin  protects  other  animals  against  this  poison.  This  statement 
has  no  foundation  in   fact. 

The  tolerance  is  explained  by  the  increased  poxver  of  the 
organism  to  destroy  the  poison. 


Faust,  in  a  recent  research  on  this  subject,  recovered  from  the  feces 
of  a  dog  66%  of  the  morphin  administered  hypodermically.  when  the 
poisoning  was  acute.  In  the  feces  of  the  twenty-first  to  twcniy-fourth 
day  of  the  administration  he  only  recovered  26%  ;  from  twenty-nine 
to  ihirty-trt'o  days,  8%;  from  ihirty-six  to  forty  days,  4%;  and  if  stUl 
longer  continued,  none  at  alt;  and  this  notwithstanding  the  fact  thai 
the  later  doses  were  very  much  larger  than  the  original  doses  (fifty 
times  the  original  amount*.  Incidentally,  he  found  e.xaclly  the  same 
symptoms  of  chronic  morphinism  in  the  dog  as  exist  in  man.  The  ani- 
mals showed  signs  of  uneasiness  for  the  morphin,  they  became  very 
restless  when  the  time  for  the  injection  approached,  and  one  dog  gave 
every  sign  of  satisfaction  when  the  syringe  was  introduced.  Tolerance 
was  soon  established,  so  that  alter  twenty  days  a  dose  ten  times  as 
large  as  that  which  originally  gave  a  very  strong  effect  had  little  action. 
Rabbits  and  goats  also  acquire  tolerance;  whereas  frogs  seem  to  be- 
come more  susceptible. 

According  to  Bouma  (1903)  the  continued  administration  of  codfin 
does  not  lead  to  increased  destruction,  nor  to  tolerance.  (Cloetta 
(1903)   has  contradicted  the  statements  of  P'aust.) 


i 


Symptomfl  and  Effects  of  the  Opinm  Habit. —  The  later  con- 
sequences of  opiumism  are  insidious,  hut  none  the  less  dan- 
gerous. For  years,  victims  of  tlie  habit  may  appear  quite 
normal  to  superficial  obser^'ers,  but  closer  attention  would 
even  then  reveal  signs  of  the  disease.  The  physical  con- 
sequences relate  at  first  to  the  digestive  tract.  There  i« 
obstinate  constipation,  alternating-  later  with  equally  obsti- 
nate diarrhea.  There  is  loss  of  appetite  alternating  with 
voracious  hunger  and  thirst  ("polydipsia "),  and  pol^^l^a. 
These  disturbances  of  digestion,  as  well  as  the  more  direct 
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action  of  the  drug,  are  not  Umg  in  showing  their  effects 
upon  the  rest  of  the  lx)dy.  The  patient  loses  ttesh  rapidly 
and  suffers  from  marasmus  and  cachexia.' 

There  is  a  |>eculiar  cirrhosis  of  the  skin,  which  becomes 
pale,  drj'  and  rough.  The  nails,  teetli  and  hair  are  also 
<liscased.  The  condition  of  the  integument  is  rendered 
still  worse  by  the  local  effects  of  the  injection  when  the 
drug'  is  used  hypf->dermicaily.  Tlie  whule  skin  may  he 
mottled  with  scars  antl  marks  of  recent  or  older  injections. 
and  abscesses  are  often  produced  through  want  uf  cleanli- 
ness. Even  when  the  drug  is  used  by  the  mouth,  the  entire 
skin  often  acquires  a  peculiar  waxy  appearance. 

The  pupils  are  almost  invariably  cotUracted ;  the  eyes 
lose  Ulster;  so  that  an  opium  user  may  often  l>e  rec*»gnized 
from  his  apjiearance.  The  ptipillary  and  accommodation 
movements  are  affected.  The  heart  is  irregular.  AJbti- 
minuria,  glycosuria,  amenorrhea,  and  impotence  are  fre- 
quent. Fe^'ers  resembling  simplex,  intermittent,  antl  ty- 
phoid, are  often  seen.  The  moior-nervous  system  shows 
cimsiderable  change:  nervous  tremors,  increased  reflex  irri- 
tiibility,  etc.  These  conditions  sooner  or  later  weaken  the 
resisting  powers  of  the  patient,  so  that  he  falls  an  easy  y)rey 
lo  some  other  ailment,  and  thus  rarely  reaches  old  age.  ' 

The  effects  of  the  opium  habit  upon  the  ch<tracter  of  the 
patient  are  even  more  deplorable.  This  soon  sinks  to  the 
very  lowest  level.  With  a  certain  amount  of  low  cunning 
he  combines  a  total  unscrupulousness,  and  it  is  very  doubt- 
ful whether  the  testimony  of  an  opium  user  can  ever  be 
acccpteil,  even  in  instances  which  do  not  affect  him.     He 

omes  absolutely  incapable  of  any  effort.     Duty  no  longer 

peals  to  him.  and  in  ortler  to  escape  it,  or,  still  more,  in 
order  to  obtain  his  drug,  he  will  resort  to  any  lie  or  any- 
trick,  no  matter  how  dishonest.  He  will  promise  every- 
thing and  fulfil  nothing.  Were  he  nf)t  so  cowanlly  and 
flisinclined  to,  or  rather  incapable  of.  any  effort,  he  would 
be  rtt  for  any  crime.  His  condition  is  all  the  more  unhappy 
since  he  fully  realizes  it  and  sees  himself  in  his  true  colors. 
lie  makes  grand  plans,  and.  at  the  same  time,  knows  that 
he  can  never  summon  the  energv^  even  to  begin  them.  Add 
to  this  the  fact  that  he  is  a  social  outcast,  and  it  is  difficult 

■  -Irfiiicd    tcriDf.      The    former.    maraSTnti*.    siftnifrinic    a    con- 
ihr   nutrition   an<l  «  wa.^iinir  of   tht  flmh   without  apparent 
_.^_  .1   olw  inilicate*  a  waviinit  of  the  body,   with  same  •tritctng 

ckaMK  «A  fclM   {wiuru,   «htch  are  aiually  pinched  and   yellow. 
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to  iiiifigine  a  more  iinha[Dpy  condition.  To  the  physician 
he  should  appeal  as  a  sufferer,  as  one  afflicted  with  a  form 
of  insanity;  one  who,  like  any  other  insane  patient,  should 
l>e  treated  with  unflinching  iirniness,  but  with  the  most  con- 
siderate kindness.  Only  in  this  way  will  it  be  possible  to 
help  him.  He  is  himself  devoid  of  the  necessary  will  power, 
and  this  must  to  some  extent  be  supplied  by  his  physician 
and  attendants.  In  this  connection,  as  in  the  other  drug 
habits,  sugfi-estive  therapeutics  offers  a  promising  prospect. 

Abstinence  Symptoms — The  withdrawal  of  morphin 
from  those  accustomed  t<»  its  use  leads  to  a  train  of  very 
severe  effects,  the  severity  being  proportional  to  the  rap- 
idity with  which  the  drug  is  withdrawn.  Prominent 
throughout  is  an  almost  unconln^llable  craving  for  the 
drug,  passing  sometimes  into  a  true  mania.  Besides  this, 
the  first  symptoms  consist  in  sjjasmodic  yawning  and  sneez- 
ing; coryza  ami  lachrymation;  and  hoarseness.  The  pupils 
dilate  again.  The  extremities  are  Cold,  tlic  head  congested. 
Headache,  neuralgias,  aurl  violent  pains,  often  in  t!ie  legs. 
The  digestion  is  profoundly  disturbed,  presenting  the  symp- 
toms of  a  violent  functional  gastroenteritis.  Insomnia  is 
a  very  constant  symptom :  the  patients  are  very  irritable 
and  excitable,  and  this  condition  may  culminate  in  delirium 
or  acute  mania,  often  suicidal.  Women  often  have  hysteric 
attacks.  The  nu>st  dangerous  phenomenon  is  sudden  col- 
lapse, ushered  in  by  rapid,  irregidar  and  weak  pulse,  cold 
sweat,  and  general  prostration;  and  often  ending  fatally 
by  heart- failure.  This  collapse,  if  severe,  demands  the 
prompt,  injection  of  a  moderate  dose  of  morphin,  which 
generally  causes  the  symptoms  to  disappear. 

The  ordinary  me<lical  treatment  of  the  opium  habit  con- 
sists in  removal  of  the  <lnt}^:  and  suf^porting  am!  symp- 
tomatic measures.  The  removal  must  be  done  with  great 
care,  and  is  best  carried  out  in  special  institutions,  where  a 
careful  sur\eillance  of  the  patient  is  possible,  both  to  pre- 
vent his  obtaining  an  extra  supply  of  the  drug,  and  to  be 
able  to  contTol  the  symptoms.  It  has  l>een  attempted  to 
stop  the  habit  by  removing  the  drug  suddenly;  by  very 
gradually  diminishing  the  doses;  and  by  diminishing  the 
dose  quite  rapidly.  The  first  is  useless  cruelty,  and  may 
even  l>e  dangerous.  The  second  does  not  usually  accom- 
plish the  desired  result.  The  last  is  certainly  the  best. 
According  ti)  this  method,   the  dnig  is   removed   just   as 
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rapidly  as  can  be  borne  by  the  patient  without  producing 
any  vtry  violent  reaction.  No  iron-clad  rule  can  be  fol- 
lowed by  which  this  reduction  may  be  accomplished.  At 
the  same  time  the  system  is  built  up  by  proper  hygienic 
jtti'asurcs.  The  appetite  often  needs  to  be  sustained  by 
bitters  and  other  tonics.  Sleeplessness  is  a  very  frequent 
amplication,  and  must  be  met  by  bromids.  chloral,  or 
mie  of  the  hydrocarbon  hypnotics.  To  combat  morphin- 
ism by  cocain.  cCKlein,  heroin,  or  other  dnigs  which  merely 
replace  the  morphin  habit  by  some  other  habit  equally  bad. 
is  of  no  l>enefit  t(j  the  i>atient.  Thorough  cleansing  of  the 
bowels  with  emetics  and  cathartics  at  the  l:>eginning  of  the 
treatment  is  very  useful,  and  it  is  perhaps  to  this  that  pilo- 
carpin  owes  its  success.  This  drug  has  been  employed  on 
the  theor\'  that  it  removes  the  hypothetic  dccotnposition 
pr(j<kicts.  As  far  as  may  be  judged,  it  has  given  good 
results,  whatever  the  explanation.  Pilocarpin.  strj-chnin. 
atropin.  and  scopolamin  are  used  in  the  symptomatic  treat- 
ment of  all  drug  habits.  Scopolamin  (hyoscin)  appears  to 
permit  a  more  rapid  withdrawal  of  the  morpliin.  Sit<^gcs- 
tion  may  sometimes  be  a  great  help  in  preventing  relapses. 


xt.-  .-..r^  \^  rnrcly  permanent  Patients  usually  drift  into  the  mnr- 
j  to    relieve    some    existing   conililion. —  c.   ^.,    sciatica. —  and 

It  u»n   will,  of  course,  reappear  when  iho  morphin   is  removed 

3'  ihem  to   resume  its  use.     And  besides,  persons  wlio  have 

c^i  nK>rphinist»  frhow  by  that  fact  that  they  are  more  apt  than 

Dormal    uidividuals   to   succumb  to   the   dangers   that   originally   ovcf- 
raiTK  them 

Ofium  habit  in  children  is  nnforttmately  not  at  all  rare,  and  it  is 
cmujiUy  started  by  the  indiscriminate  employment  of  paregoric  and  other 
koofhing  syrups.  They  present  the  typical  symptoms  already  described. 
Withdrawal  of  the  medicine  is  followed  by  restlessness.  wakefulne'>s. 
ar-.i  rwfv  it.'tir^tion  of  suffering  and  distress.  The  treatment  would 
\ '  '  nic. 

I  derivatives  (Heroin,  Dionin,  etc.)  may  also  give  rise 
to  babit.  nr^rmbling  in  every  respect  that  of  morphin.  The  danger  is, 
iMtw^ver.  much  les%;  partly  because  they  do  not  possess  the  desired 
narccxic  actinm.  A  ca*<  of  codcin  hahit  has  been  reported  by  Peir 
(1905)  The  phenomena  were  strictly  analogous  to  morphin,  including 
Idlcrafice. 


VIT.  TOXICOLOGY  OF  MORPHIN  AND  OPIl^. 

rw""—  *"«  a  vefT.'  frequent  means  of  Miicidal  poisoning,  and  accidental 
t  .  .re  not  at  all  rare.     It  is,  however,  one  of  the  rarer  poisons 

ill  _:__;;  cases,  since  its  action  is  so  slow  and  the  symptoms  so 
tyfincal 

Sym^Urttu. —  To  sum  iii>  the  symptoms  of  morphin-  or  opium-poison- 
iriK  from  a  toxicologic  point  of  view,  the  first  to  be  noticed  are  giddi- 
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ncss.  confusion,  and  stupor,  this  terminating  gradually  in  complete 
insensibility.  The  respiration  is  slow,  the  pulse  hill,  slow,  and  labor- 
ing, eyes  closed,  pupils  usually  contracted  and  insensible  to  light,  and 
the  face  red. 

As  the  poisoning  advances  the  skin  becomes  pale  and  cold,  and 
moist  with  perspiration,  the  lips  are  livid,  the  breathing  slow  and 
stertorous,  the  pulse  feeble  and  almost  imperceptible,  the  limbs  re- 
laxed; but  death  is  sometimes  preceded  by  asphyxial  convulsions. 

The  symptoms  usually  appear  in  from  ten  nmuites  to  one  hour  after 
the  drug  has  been  taken  by  the  mouth;  perhaps  half  an  hour  is  the 
most  common.     Death  occurs  in  from  two  to  twelve  hours. 

If  the  patient  recoirrs,  there  is  a  great  deal  of  persisting  nausea, 
nervousness,  and  headache.  With  therapeutic  doses,  however,  the  pa- 
tient may  awaken  refreshed.  Recovery  is  possible  even  when  convul- 
sions and  coma  have  set  in.  The  former  disappear  and  the  coma 
gradually  passes  into  a  long  sleep,  often  lasting  from  twenty-four  lo 
thirty-six  hours. 

On  account  of  the  treatment,  it  is  extremely  important  to  establish 
the  differential  diagnosis  of  the  origin  of  a  coma/  Those  forms 
the  coma  which  might  l>e  confounded  with  morphin  are:  alcoholic  <chlo- 
ral),  uremic  and  diabetic,  epileptic,  and  apoplectic. 

One  of  the  most  important  puints  is  furnished  by  the  pupils.  If 
these  are  dilated,  the  coma  is  probably  alcoholic,  but  may  be  dial)ctic. 
With  pitt-point  pupiU  the  coma  is  either  from  opium  or  pontine  apo* 
plexy.  If  the  latter,  they  are  very  often  unequal,  and  on  lifting  the 
arms,  one  may  often  delect  a  paralysis. 

The  pupils  respond  readily  to  light  in  epileptic  coma,  not  in  the 
others. 

Just  before  death  the  pupils  may  become  dilated  from  the  asphyxia. 
(In  the  dog  the  pupils  are  usually  dilated  throughout  the  poisoning.) 

The  smell  of  the  breath  furnishes  presumptive  evidence  of  alcokol- 
poisoning,  but  it  is  not  a  definite  proof,  since  this  substance  is  often 
given  as  an  antidote,  and  is  so  often  present  in  quantities  which  would 
not  cause  a  coma.  The  smell  is,  however,  usually  characteristic  of 
opium,  uremia,  and  diabetes,  but  not  of  morphin.  Uremia  would  also 
be  characterized  by  albumin  in  the  urine. 

There  are  yet  other  forms  of  coma  which  may  be  confused  with 
these,  but  no  rules  can  be  laid  down  for  them.  The  history  is  often 
of  the  greatest  importance. 

The  autopsy  shows  nothing  characteristic  There  are  the  usual  phe- 
nomena of  asphyxia.  The  pupils  arc  variable.  The  mucous  mem- 
brane of  the  stomach  is  sometimes  reddened.  If  the  poisoning  lias 
been  by  opium,  one  may  discover  its  characteristic  odor. 

Treatment  of  Acute  Optum-poisoning:. —  The  first  indi- 
cation is  tn  empty  the  stomach,  and  this  no  matter  whether 
the  drugf  has  been  taken  by  the  month  or  hypoclennically. 
If  narcosis  has  already  set  in.  emetics  may  act  too  slowly, 
and  it  may  be  necessary  to  employ  a  stomach-pump.  The 
liest  chcmic  antidote  is  potassium  permanganate.^  The  pa- 
tient should  be  kept  awake  as  far  as  possible  and  in  fow- 

''  ComA:  A  condition  of  insensibility  from  which  the  patient  cannot  Ic 
aroused. 

*  Pe  Bu«ch*r  0904)  h»»  found  this  eflfective  in  rabbits,  even  when  it  w«» 
admlniBtered  three  hours  after  the  morphin;  it  was  much  leis  successful  with  iof%- 
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siant  movetncttt.  since  this  contributes  to  the  better  tone 
of  the  medullary  center.  Other  general  reflex  stimulants 
may  be  employed,  such  as  cold  ablutions,  the  inhala- 
tion of  ammonia  in  the  form  of  smelling  salts,  hypodermic 
injections  of  ether,  etc.  Caffcin.  especially  in  the  form  of 
strong,  black,  hot  coffee,  is  the  best  physiologic  antidote. 

Atropln  has  been  used  extensively  and  soinewhal  indiscriminately 
tH  thf  Ircatntt'nt  of  morphin  poisoning.  It  i*?  a  very  dangerous  remedy 
in  ihis  condition.  The  most  conspicuous  antagonistic  actions  of  these 
Iwo  poisons  are  on  the  pupil,  heart-rate,  psychic  processes,  secretions, 
rtc. —  in  short,  upon  functions  which  are  of  very  subordinate  impor- 
tance in  dangerous  cases  of  poisoning.  Any  useful  antagonism  must 
be  »ought  m  their  actiuns  on  the  circulation,  respiration,  and  nicta- 
liolinm.  A  careful  study  will  show  that  the  effects  of  morphin  and 
atropin  on  these  functions  arc  antagonistic  only  with  certain  stages; 
whtUi  more  severe  grades  are  actually  synergistic.  The  later  para- 
lytic effects  of  atropin  coincide  with  those  of  morphin;  wliilst  in  the 
la^t  stages  of  morphin  poisoning  the  centers  are  too  greatly  depressed 
10  respond  to  the  slow  and  weak  stimulation  of  atropin.  The  useful- 
weis  of  this  antidote  exists  therefore  only  if  moderate  doses  of  atropin 
are  giien  in  mjyticrate  morphin  poisoning  (or  vice  versa).  This  con- 
"osion  h  supported  by  several  series  of  experiments  on  animals.  As 
practical  deduction,  the  atropin  should  be  given  in   the  dose  of  1.5 

<V»  gr.)  and  this  should  not  be  repeated. 
A  general  antagonism  e.xisis  also  between  morphin  and  small  doses 
of  eocJiii.  especially  as  regards  the  effects  on  temperature  and  metab- 
olism. Larger  doses  are  synergistic,  and  as  the  susceptibility  to  cocain 
i%  variable,  the  hypodermic  dose  of  0.01  Gni.  (*/•  grain)  should  not  be 
exceeded. 

The   patient   should   be   kept   zcarnt.     If  the   breathing 
•hows  signs  of  failing,  artificial  respiration  should  be  sup- 
ilied. 

When  the  danger  is  over,  the  constipatiotx  which  usually 
yio\%'S  should  be  relievetl  by  cathartics  and  eneniala. 

The  fatal  dose  of  morphin  for  man  is,  on  the  average. 
0.2  to  0.4  Gra.  (3  to  6  grains)  ;  or  of  opium,  3  Gm.  (45 
^ains). 

It  is  important  to  remember  that  children  are  much  more 
susceptible  to  the  drug  than  adults  (allowing  for  the 
^^' eight). 

Voung  rabbits,  guinea  pigs,  and  dogs  are  also  more  susceptible  than 

Vi*   full  grown  animaU,  whereas  kittens  are  rather  more  tolerant  than 

***u]t  cats.     .Amongst   the   different  animals,  man   is   bv   far  the   most 

'''^''^'"Ttible,   the   fatal   dose   by  subcutaneous   injection   being  about  Vw 

I  required   for  the  same  weight  of  rabbit,  Vw  of  the  dog's,  and 

!or  the  pigeon. 

*^*»f  possibility  of  uiiosyitrrasy  must  be  borne  in   mind :  as  little  as 

^^  Gin.  (j  grains')  of  opium  (='-^  gr.  morphin)  is  said  to  have  been 
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fatal  in  one  case.    0.3  ing.   ('/»  grain)  of  opium  is  reported  as  fatal 
in  two  cases  in  children  <quoted  from  Lewin). 

Vni.  THERAPEUTICS. 

Mnrphin  and  opium  are  drugs  which  are  used  a^inst 
cofiditions,  and  not  against  diseases;  i.  e,,  they  may  be  em- 
ployed in  ahnost  any  disease  if  the  conditions  demanding 
ihem  arise. 

The  conditions  indicating  morphin  are  tnainly  the  follow- 
ing: to  lessen  pain,  to  produce  sleep,  to  check  peristalsis, 
and  to  suppress  cough. 

1.  Pain. —  Since  the  lessening  of  pain  is  its  first  effect, 
small  doses  only  shoidd  he  employed  for  this  purpose.  It 
will  be  remembered  that  it  is  effectual  especially  against 
persistent  pain,  and  in  this  it  is  almost  specific,  surpassing 
in  analgesic  action  any  other  drug.  The  local  application 
is  without  effect.  As  an  analgesic  morphin.  especially 
hyptiderniically.  lias  the  preference  over  opium. 

2.  Insomnia. —  Morphin  will  be  useful  especially  when 
this  is  produced  by  pain,  but  not  when  it  is  the  result  of 
nen'ousness.  Besides  its  superior  analgesic  properties  it 
surpasses  chloral  in  iiol  affecting  the  circulation.  The  two 
are  ver>'  usefully  combined. 

Some  of  the  disadvantages  of  opium  are:  the  tendency 
to  constipation,  to  nausea,  or  gastric  disturljances ;  and  in 
some  individuals  it  has  an  excitant  action  instead  of  being 
hypnotic.  In  insomnia  one  must  be  ever  mindful  of  the 
<langer  of  the  foritjation  of  a  morphin  habit. 

3.  Periatalsis. —  Opium  especially  is  extremely  useful  in 
diarrhea  due  to  acute  intestinal  catarrh.  By  checking  the 
peristaltic  movement,  it  gives  a  chance  for  rest  and  repair. 
an<l  thus  leads  to  permanent  cure.*  It  is  one  of  the  most 
important  ingredients  of  the  so-called  cholera-mixtures. 
In  the  constipation  of  lead-poisoning  which  is  due  to  tetanic 
contraction  of  the  intestine,  it  relieves  this  spasm,  and  with 
it  the  pain.  It  is  also  very  useful  in  peritonitis  in  relieving 
the  pain.  Ix^th  directly  and  by  lessening  the  movements  of 
the  intestines  which  are  giving  rise  to  it. 

4.  ConE;h. —  Morphin  and  other  members  of  the  grotip 
depress  the  sensibility  of  the  respiratory  center  to  reflex 
stimulation,  and  morphin  also  diminishes  the  amount  of 
bronchial  secretion. 

>  Tyrotoxican-poiioninK  i*  an  exceptioa,  for  in  ihu  morphin  ii  only  hinn/nl- 


I 


MORPUIN  —  THERAPEUTICS. 


20I 


litis  ihc  cough  is  oiuRcd  by  reflex  stimulation  of  the  center. 
Tbe  paiicnt  also  involuntarily  uses  the  shallow  respiration,  since  deep 
respiration  brings  on  coughing.  These  conditions  are  removed  by 
members  of  the  morphin  series,  which  at  once  lessen  the  tendenc>'  to 
coughing  and  affect  the  respirator)*  center  in  such  a  way  as  to  slow 
and  deepen  the  respiratory  movements.  As  to  particular  members  of 
the  STOu^t  codein  was  formerly  often  used  because  it  is  devoid  of  the 
intestinal  action  of  morphin.  In  recent  years  it  has  been  superseded 
by  heroin,  as  ibis  causes  no  headache  or  gastric  disturbances  and 
presents  the  least  danger. 

Wlien  the  bronchial  secretion  is  extremely  abundant, 
morphin  may  be  conirainrlicated.  for  then  the  cough  fulfils 
a  useful  fimction  in  cleansing  the  air-passages. 

Moqahin  is  fre<iuenlly  of  considerable  usefulness  in 
asthma  by  relieving  the  distress  of  the  patient,  and  perhaps 
also  by  diminishing  the  reflexes  which  give  rise  to  this 
condition. 

5.  Other  TJiet  of  Morphin —  Morphin   is  very  useful   as 

an  introduction  to  general  anesthesia,  given  hypodennically 

in  a  dose  of  o.oi  Gm.  (^  grain),  one-half  hour  before  the 

aflministration  of  the  anestlietic.     It  lessens  the  amount  of 

the  anesthetic  necessary.     It  is  very  often  mixed  with   a 

small  dose  (  Vioo  g^rain)  of  atropin.  the  latter  for  the  pur- 

pf»sc  of  paralyzing  the  vagus  endings  in  the  heart    (see 

.^tropin). 

Psychic  exaltations  —  c.  g.,  delirium  tremens  or  atropin- 

Poisoning — require  very  large  doses,  which  might  become 

^rigerous.     It  may.  however,  be  used  in  atropin-poisoning, 

'•^'i^reas  in  delirium  tremens  it  would  not  be  indicated  be- 

^'i>e  it  itself  increases  the  nervousness. 

J  t  is  used  in  tetanus  for  the  purpose  of  removing  the  pain. 
^Inrphin  forms  quite  an  efficient  diaphoretic.  For  this 
P^'«^)se  it  is  t)est  given  combined  with  ipecac  in  the  form 
^  Dover's  pouyicrs  against  colds,  etc.  (See  Chapter  XII. 
^*  ^  .  Heroin,  on  the  other  hand,  is  recommended  against 
^^^    night-sweats  of  phthisis. 

^lorphin  has  also  been  used  as  an  anti-cmctic.     It  may 

^^    conceived  that  it  is  of  benefit  in  depressing  the  vomiting 

^^'^tcr  but   it   is  quite  uncertain,   and  may  itself  produce 

*'^^^ts.     Some  members  of  the  group  are  even   used  as 

^<Mics.  e.  g.,  MnKuinaHa,  but  this  drug  also  contains  an 

volant  principle,  which  no  doubt  contributes  to  its  action, 

^ngiiinaria  is  useful  as  a  unuseaut  expectorant  in  cough, 

depresses  the  respiratory  center. 
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Opium  is  also  employed  as  a  styf>tic  to  stop  hemorrhage 
in  inaccessible  situatiuiis.  Its  action  can  be  explained  by 
the  lessening  of  nmvenients  which  it  favors,  and  conse- 
quently the  easier  formation  of  clots. 

Mnrphin  is  also  useful  in  fyhthisis,  through  its  action  on 
the  cough,  bronchial  secretion,  and  hemctrrhage;  and  in 
fci'cr,  through  its  diaphoretic  an<l  hypnotic  action.  It  has 
also  been  used  in  malaria^  but  with  doubtful  results.  m 

The  use  of  opium  in  diabetes  is  instructive  in  showing 
that  a  drug  may  relieve  not  only  one.  but  several,  symptoms 
of  a  disease,  and  still  be  only  symptomatic,  and  not  cura- 
tive. 
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Gorvd  clinical  obscr\crs  claim  that  the  thirst,  polyuria,  glycosuria, 
and  itching  of  the  skin  arc  all  markedly  diminished.  Part  of  this  ac- 
tion must  be  attributed  to  the  analgesic  effect,  while  the  influence  on 
the  glycosuria  is  due  to  its  action  on  diRestion,  and  is  produced  in  the 
same  way  a^i  by  a  limitation  of  the  diet  or  by  nauseants.  As  a  matter 
of  fact,  opiophagic  diabetics  die  faster  than  others.  Codein  has  been 
used  instead,  but  witliout  any  marked  advantages. 

IX.  MATERIA   MEDICA. 

Opium  (U.S.  P..  B.  P.).— OAmm  (Meconium.  Thehaicum).— The 
dried  milky  juice  exuding  from  the  excised  unripe*  seed  capsules  of 
the  poppy,  Papaver  somniferum,  Papavcracese.  Asia  and  Egypt,  culti- 
vated. F-iir  samples  have  also  been  obtained  from  plants  cultivated 
in  California  and  Minnesota,  but  the  price  of  labor  makes  its  prcwluc- 
tion  unprofitable.  The  plant  is  often  cultivated  in  gardens.  The  pro- 
portion of  active  ingredients  varies  greatly  in  diflercnl  samples. 

The  capsules  fPapavcris  Capsular.  B.  P.>  and  seeds  also  contain  the 
active  principles,  and  are  sometimes  used.    The  seeds  contain.^  in  addi-  ^ 
tion.  50%  of  a  bland  fixed  oil,  which  may  be  used  like  olive  oil.  ■ 

Alkaloids:     Morphin     Oflicia]    requirement    (V,    S.    P.):    Not   less 

than  fj%   in   moist   opium.   12  to   t2^%   in  powdered, 

granulated,  and  deodorized  opium ;  B.  P^  g}/i  to  10(4% 

in  dried  opium. 

Codein,  0.2  to  07'^. 

Thehain,  0.15  to  1%  (belongs  to  strychnin  group). 
Narccin.  0.02  tr>  0.7%. 
Papaverin,   \*%. 
Narcotin,  1.3  to  10%. 
Meconic  and  lactic  acid,  gums,  resins,  fats,  odorous  principles.    N0I 
starch  or  tannin. 

Dose:  0.015  to  o.ia  Gm.  (J4  to  2  grs.)  (ai  Gm.  =  i</$  grs..  U.  S.  P.). 
Preparations: 
Opii  Puh-is   (U.S.  P.). 

Opium  Deodoratum    (U.S.  P.). —  The  opium  is  exhausted  by  petro- 
leum beniin  and  mixed  with  milk-sugar  so  as  to  contain  12  to  iaVi% 
of    morphin.     The    purpose    of    this    manipulation    is    to    remove    the' 
odorous  principles. 

■  LTnrip«  poppy  capsuin  conuifi  about  eight  times  u  mucli  tnorphttie  as  Che 
jripe  <C«ar  &  Lortti,  190J).  ; 
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Optnm  Granvfatum  (U.S.  P.). —  Used  in  nianufactviring  The  dusc 
of  ptnwdercd,  grantilatcd,  and  deodorized  opium  is  0.015  to  0.12  Gm. 
(54  to  a  grs.)   (0.065  Gm.==i  gr.,  U.  S.  Pj. 

Preparations  Containing  Crude  Opium. 

Pitml^  Offii.  U.  S.  P.:     Each  1  grain  of  opium  to.065  Gm. ). 

Puh^s  ipecafuanhtF  ct  Ofti,  U.  S.  P  ii'uhis  Ipecacuanha:  Comp., 
B.  P.)  contains  10%  each  of  opium  and  ipecac.  Oosc:  0.3  to  i.o  Gm. 
(5  to  15  grs.)    (0.5  Gm.  =  7y;  grs.,  U.S.  P.). 

Trochisci  Clycyrrhisa  ft  Opi%»  U.  S.  P,:  Each  contains  5  mg.  (^Vu 
gr. )  of  opium. 

•  PiUite  Opii  el  Camphortt,  N.  F. :  Each  i  grain  of  opium  and  2 
grains  of  camphor. 

•  Pitnltr  Opit  I-/  Flumbi,  N.  F. :  Each  i  grain  of  Opium  and  1  grain 
of  lead  acetate. 

PituU  Plumhi  cum  Opio,  B.  P.,  contains  12.5%  of  opium.  Dose: 
<xi  to  0.25  Gm.  (2  to  4  grs.). 

PUmla  Saponis  Composita.  B.  P.,  contains  20%  of  opium.  Dose:  o.i 
to  0.25  Gm.   ( 2  to  4  gr-4. ) . 

Fuhit  Kino  Compositus.  B.  P.,  contains  5%  of  opium.  Dose:  0.3  to 
I.J  Gm.   (5  to  20  grs.). 

Puivis  Cret<r  Aromoticus  cum  Opio,  B.  P.,  contains  2.5%  of  opium. 
Dose:  0.5  to  2.5  Gm.  (8  to  40  grs.). 

St^pQfttoria  Piumbi  Composita,  B.  P..  contain  i  grain  of  opium. 

Other  Solid  Prcparatlona  of  Opium. 

Erlractum  Opii  (IF.  S.  P,.  B.  P.).  Made  with  water;  contains  20% 
ronnihin  (U.  S.  P.,  B.  P.)  Dose:  0.008  to  ao6  Gm.  (H  to  i  gr.)  (0.03 
<^m  =vi  gr,.  U.S.  P.). 

Emplastrum  Opii  (U.  S.  P.=6%  of  the  extract;  B.  P.  =  I0%  of 
opiam ) . 

Solutions  of  Opium.  U.  S.  P. 

The  following  U.  S.  P.  preparations  all  contain  10%  of  powdered 
opium  (125%  of  morphin)  and  have  a  dose  of  03  to  1.2  c.  c.  (3  to 
■*^  "fl)  (0.5  c.c,  =  8  %  U.  S.  P.) ;  all  are  miscihic  with  water  or 
atcohol ; 

Ttftcinra   Opii    (Laudanum)  :     Made   with    one-half   alcohol. 
Tinctura    Opii    Deodoratt:     Made    with    one-fiftli    alcohol    after    ex- 
haustion hy  pi'trnleiim  lieiiziii.      (This  h 
<  S«  Opium  Dcodoratum.)    similar  to   McMunn's  Elixir  and  other 

patent  preparations.) 
■^c/iUM  Opii. 
t^'iftum  Opii  (Sydenham's  Laudanum). 

Compound  Liquid  Preparations  Containing  Opium. 
^o»-  htcmai  Vse: 

'7"inffi(fo   ipecac,    el   Opii.   V.  S.  P. :     Opium   and    ipecac   each    10% ; 
Y^^half  almhol.    Doie:  <X2  10  i  c.c.   (3  to  15  nv)    (as  c.c.  =  8  la. 
^-  S  P), 
,  ^yr^pus  fpecac.  ft  Opii.  N.  F.   (Dover's  syrup)  :     Each  dose.   4  c.c. 

•  jl^cltm )  =  0.35  Gm.  (5  grains)  of  Dover's  powder  or  .03  (jm.  i'/j 
*'^M>)  each  opium  and  ipecac. 

'  Xm  officiit 

Stady  Kafcria  Mnlica   Lnson   19. 
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TiHCtura  Ofti  Camphorata.  U.  S.  P.  (Paregoric):  4  c.  c.  (l  drachm) 
=  0.016  Gm.  (J'4  graiti)  opium.  This  is  the  preparalioii  of  opium  usu- 
ally given  to  children  in  the  following  doses:  For  a  child  two  day* 
old,  2  drops;  five  days  old.  5  drops:  one  week  old.  6  drops;  one  year 
old,  10  drops;  two  years  old,  12  drops;  ten  years  old,  one-half  tea- 
spoonful;  adults,  one  tcaspoonful  (8  c.c.  =  25,  U.S.  P.). 
for  Extcritai  lUe:  • 

Lotio  Of  it  et  Plumbi,  N.F. :     Lead  acetate,  4.5  Gm. ;  Tinct.   opium. 
9  c.  c, ;  water  q.  s.  250  c.  c. 

Liquid  Opium  Preparations  of  the  British  Pharmacoptr'ta. 

ExiractutH    Ofii  Litiuidum:  contains  075%  of  morphin.     Dose:   0.6 
to  2  c.  c.    (10  to  JO  minims). 

Tinctura  Of*ii  (Laudanutn) :  contains  0.75%  of  morphin.     Dose:  d.6 
to  2  c.  c.  ( 10  to  30  minims). 

Tinct.  0/>ii  Amttiottiata:  contains  0.125%  o^  morphin.     Dose:  3  to  4 
c.  c.   (!^  to  1   drachm). 

Tinct.    Camphortr  Composita    ( Paregoric ) :    i    fluidrachm  =  J-i    grain 
of  opinm.     Dose:  2  to  8  c.  c.  {Vj  to  2  draclims), 
Linimentum   OpiC:  contains  o.l7S%  of  morphin. 

Morphina    (  L'.  S  P.),— C„H„NO,  +  H,0.— Prepared    from    opium. 
Soluble  in   33.10  p.irts  water,  4464  ether,    168  alcohol;  more   freely  in 
acetic  ether  or  amvl  alcohol. 
Morphin  Salts:    The  dose  of  these  is  8  to  15  mg.  {%  to  %  gr.)   (iS 
mg.  =  54    gr-.   U.S.  P.).    The    following   are   offi- 
cial : 

I  part  soluble  in 
water      alcohol 
Hydrochhridum  (U.  S.  P.,  B.  P.).— 

M.HCI+3H,0 17.2  42- 

Sntphas     (U.  S.  P.).—  M,.H.SO.  -H 

5H,0    15-3  465. 

Acetas    (U.S.P.,   B.P.).— M.CiH.O, 

+  jH.O    2.25  21.6 

Tartras    ( B.  P.).—  M..CH.Oi  + 

jHsO    It.        insoluble 

*SyrupHS  Morphincr  Compositus.  N.F. —  (For  Cough.) 

4  c,  c.  <i  drachm)  ^  Morphin  sulphate  0.0022  Gtn.  ^  V«» gr. 

Ipecac   0.008      "    ^  H  gT. 

Senega    0.4  "    ^6  grs. 

Rhubarb    0.064      "    ^  >     g*"- 


Xot  official. 


MATERIA    MEDICA.  205 

JVIorphin   Preparations  of  the   British  Pharmacopoeia. 


Liquor   Nforphinae  AcctatU. . .  . . . 

"  Hydrochloridi 

**  "  Tarlratis 

Injcciio  lh{orphin9e  Hypodcmiica, 

1%   of   tartrate 

Supposiioria  Morphinx,  each   ^4 

grain    

Trochisctis   Morphiiue,   eacli   V»* 

grain    

Tfochiscus    Morphinz     et     Ipe- 

cartianlw.  each  '/«  grain 

Tincttira    Chloroformi    ct    Mor- 
phine  Coniposita 


Strengt  h 
PER  Cent. 


DusE, 


Metric 


0.6  to  3  c.  c. 


O.I2t0  0.3C.  c 


o.3toi.Oc.  c. 


AroTUE- 

CARIES'. 


to  (0  50  min. 


2  to   5  mm. 


5  to  IS  min. 


Codelna  (IT.  S.  P.,  B.  P.).— Mcthyl-morphin.  CitH,.(CH0NO» -h 
H3O.  The  dose  of  the  alkaloid  and  its  salts  is  0.015  to 
O.I3  Gra.  m  to  2  gr.)  (30  mg.  =  H  gr.,  U.  S.  P."). 

I  part  soluble  in 
water      alcnhnl 

Codein    88.  1.6 

Phosphate    (U.S.P..   B.  P.).— CodH.POi 

+  2H:0      2.2s  261. 

Sulphate  (U.  S.P.).— Cod.,H,SO,+ 5H,0.  30.  1033. 

iyrii/>g4j  Codcintr    (B.  P.). —  1    fluidrachm=  J^    grain   codein    phos- 
pHalf       Uose:  2  to  8  c.  c.  ('5  to  2  drachms). 
^^■■"coiin.— £)oj.v  02  Gm.    (3  grs.  ». 
"^■■oin  (  Dincotyl-mnrphin )  —  SnUibIc  in  water  on  the  addition  of  a 
^"Yu^**^    acifj   (■  acetic).     Dose:  0.005  to  ooi  Gm.   (Vu  to  \i  grain). 
"*''«*in«  Hydrochloridum. —  A  white  powder,  is  freely  soluble  in 
liwatrr.      Tiic  incompatibilities  of  heroin   and  dionin  are  those  of  alka- 
Btlmdj^in    general 

Uioviin. —  Ethyl-morphin  Hydrochlorid. —  A  white  bitter  powder, 
soluble  jj,  water  and  alcohol,  insoluble  in  ether  and  chloroform.  Dosf. 
''"'^  '*^  0.02  Gm.  Cm  to  Ys  grain).  Tn  ophthalmology  it  is  applied  as 
a  '*>^  ointment  in  trachoma,  chronic  conjnnctivitis,  etc.,  for  its  irri- 
tanl  action. 

StnKuinaria  (V.S.  P.). —  BInod-root, —  The  rhirome  and  rooileli  of 
S  CiiHOficnsis.  Papaveraccae.  North  America.  Sanguinarin  and  other 
Viv  Inula  of  tiie  protopin  scries;  bcrberin  (which  causes  the  color); 
re -mi. 

^Ti"^*""'"*  (not  niisribic  with  water")  : 

nuidcxtractum   S.    (I'.  S.  P.).— Diluted   acetic  acid,     Pose:    o.c6  to 
0-3  tP-  (I  to  5  minims)   (o.i  c,c.  =  i!.^  TTl,  U.S.  P.). 

T"'«'«rfl  .9.    fU.  S.  P.)  —  10%:   two-thirds  alcohnl.   acidified.     Dnsc: 
I  to  2c.c.  f  t5  to  30  minims)    (1  c.  c.  ^  15  TTV,  U.  S.  P.). 

*  Not  official. 
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*  Chelidonium.— Cf /awrffHr— The  root  of  Chelidonium  majus,  Pa- 
paveraccA.  Naturalized  in  North  America.  Chelidoiiin  Cj.Hu.NO».HiO» 
alkaloids  of  the  protopin  series  and  berbcriu,  which  cau&cs  the  color. 
Dose:     I  to  4  Gm.   (15  to  60  grs.). 

The  fresh  (red)  juice  is  irritant  and  is  used  popularly  to  remove 
warts. 

(B)    CANNABIS   INDICA  AND  SIMILAR  DRUGS. 

In  this  rather  hctcrog-cneous  collection,  a  number  of 
drugs  have  been  placed,  bearing  a  more  or  less  close  re- 
semblance to  morpllin  in  their  action  upon  the  brain,  but 
otherwise  sufficiently  different  to  prevent  their  being  placed 
in  the  same  or  any  other  group;  namely.  Cannabis  indica. 
Anhaloniuni  and  other  cactus  products,  Lactucarium,  and 
Lupulin. 

Tliey  have  no  therapeutic  imp*:)rtance.  Since  their  action 
is  largely  a  psychic  one.  which  cannot  be  completely  investi- 
gated on  animals,  they  are  very  little  understood. 

Cannabis  Indioa. —  This  dmg  has,  at  least  in  this  country, 
a  theoretic  rather  tliun  a  practical  importance.  It  is  a 
powerful  stimulant  of  the  psychic  functions,  and  is  much 
used  in  the  Orient  for  this  purpose,  as  "  Hashish  "  and 
under  various  other  names ;  either  the  leaves  of  young  twigs 
or  the  resin  being  employed.  These  are  made  into  a 
confection  or  smoked  with  tobacco.  The  effect  is  the  same 
in  any  case.  The  user  at  first  becomes  very  happy  and 
hilarious.  Everything  amuses  him.  He  also  develops  very 
affectionate  tendencies,  and  thoniughly  believes  in  universal 
brotherhood.  Soon  he  becomes  unconscious  of  his  sur- 
roundings. His  ideas  scintillate,  but  he  cannot  fix  his  mind 
upon  any  subject.  The  rapid  passage  of  ideas  causes  time 
to  seem  very  long.  The  patient  often  has  a  hallucination 
of  dt>ul)le  persnuaHty.  From  this  condition  he  gradually 
passes  into  melancholia  and  then  into  a  deep  sleep. 

The  intoxicatiog  differs  from  that  of  opium  by  the  greater 
activity  of  movement  and  of  imagination.  The  Oriental 
appears  to  be  transported  into  his  elysium  and  all  that  this 
implies.  With  Caucasians,  the  stimulating  effect  is  smaller, 
and  the  aphrodisiac  effect  seems  wanting,  but  the  intoxica- 
tion is  generally  of  a  pleasant,  jolly  type.  It  may,  how- 
ever, be  quite  short  and  often  absent,  and  is  always  fol- 
lowed by  melancholia  and  sleep.  On  accoimt  of  the  latter, 
the  drug  has  been  recommended  as  a  hypnotic.  It  is  stated 
that  it  is  not  fatal  even  in  very  large  doses,  but  experience 
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dogs  certainly  shows  that  it  presents  some  danger.  The 
iiabi't:  to  which  it  gives  rise  shows  less  effect  upon  the  ali- 
mer^  "tary  canal  and  less  marasmus  than  does  morphin,  but 
mor-^  often  psychic  alteraliuns,  thillness,  or  mania. 

D^fr^Ss'  also  shew  a  decided  narcotic  effect.  After  a  preliminary 
atax  i  •=^«-.  cxcueiuent.  and  nausea,  the  animals  usually  fall  into  a  deep 
and  a^>  rolong€d  sleep,  during  which  the  sensation  of  pain  is  much  dim- 
inisl*^^*'-  whilst  the  reflexes  per;;ist.  Some  animals  show  aculc  mania; 
a  t'a^  ^al  ending  is  not  rare  from  doses  which  are  inefTeciive  in  other 
aninv-^^l^r  the  same  preparation  being  used,  Considerable  idiosyncrasy 
(xi^<t  ^»  3nd  the  action  is  fairly  independent  of  the  dose.  The  effects 
^nrft^<=>t  be  obtained  by  hypodermic  administration  (on  account  of  the 
non- =»■  ^sorption  of  the  rrsin). 

fiat^^^biis  seem  absolutely  insusceptible  to  the   action   of  cannabis. 

T.Bx«rapeatic  XTsea. —  Cannabis  is  a  rather  unsafe  and  un- 
ccft^i-in  liypn(»tic.     Its  use  is  not  advisable.     The  extract  is 
a<\d^^  to  corn-remedies,  mainly  on  account  of  its  bright- 
grc^n  color. 

CmmiwW*  Indica  (U.S.  P..  B.  P.).— /nrfiaii  Ucmt*  (Hashish,  Bhanff. 
Gat^j^-  Charas.  Momeka,  etc.). —  The  flowcrinR  lops  of  the  female 
pUnt   of  Cannabis  stxtita,  Urticaceae.     Collcclcd  in   India. 

Poxaiiically.  the  plant  is  identical  with  thai  grown  in  the  temperate 
tooc,  but  the  action  is  only  develoj>e(I  in  cerlnin  regions ;  in  India 
iU«U  only  the  plants  growing  above  a  level  of  6,000  In  8,000  feet  exude 
the  Tcsin  "charas,"  which  is  cc»n!^idcred  the  most  valuable, 

U  was  used  in  Qiina  as  a  medicine  as  early  as  the  fifth  ctntury  B.C., 
but  the  Greeks  and  Romans  were  probably  not  acquainted  with  it.  It 
w  now  used  as  an  intoxicant  in  many  Eastern  countries. 

The  actnr  ingredient  is  a  resin,  i-annahinol  (Fracnkcl.  1903), 
CsHfcOh  which  presents  the  appearance  of  a  thick  reddish  yellow  oil, 
wlohlc  in  petroleum  ether,  etc.  (not  identical  with  the  commercial 
"cannabinol ").  This  changes  by  oxidation  to  an  inactive  black  pitch. 
The  change  accounts  for  ihe  dclerioralion  which  the  drug  and  its 
ptrpuattons  undergo  in  keeping.  Cannabis  also  contains  a  volatile 
oil  Oerpencs),  paraffin,  pitch,  etc.,  which  are  not  concerned  in  its  ac- 
tion There  is  no  specific  alkaloid,  but  the  extracts  may  give  alkaloid 
reaction  from  the  formation  of  cholin  and  triamethylamin.  These  are 
also  not  connected  with  the  action.  The  fresh  extract  has  a  beautiful 
gr^Kn  color  (if  prepared  without  excessive  heat),  due  to  chlorophyl, 
The  active  principle  is  completely  extracted  by  alcohol,  hut  is  insoluble 
in  water.  Hemp  grown  in  Western  countries  is  generally  devoid  of 
cannabinol.  and  is  inaclive. 

Preparations  (alcoholic;  not  miscibic  with  water)  : 
^tractum  Cannabis  Indicir  (V.  S.  P.,  B.  P.) — Dose:    0.015  to  0.03. 
Goi.  (4  to  Vj  grain)   (0.01  Gm.  =  H  Rr..  U.S.  P.). 

Ftuidtxiractum    Cannabis    hid.    (U.S.  P.). —  Dose:   ao6   to   a6   c.c. 
^1  to  10  minims)   (0.05  c.c.=  i   nt.  U.S.  P.). 

Tinctura  Cannabis  Indira.  10%   (U.  S.  P..  B.  P.).— Dose:  1  to  2  c.c. 
(  15  to  30  minims)    (0.6  c.  c.  =  10  til,  US  P.). 
Cannahin.  an  alkaloid ;  Cannabinol,  an  oil ;  Cuttnabinon,  a  resin,  are 

'  Cxcrciae  24.     Dixon,  1899. 
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found  on  the  market,  anil  are  claimed  by  their  manufacturers  to  repre- 
sent the  active  principles.  They  have  not  been  subjected  to  suAiciciit 
M:ientiHc  investigation. 

Only  such  preparations  should  be  employed  as  have  been  tested  on 
dogs. 

Hops  arc  credited  with  some  hypnotic  power,  but  this  is  at  best 
weak  and  uncertain.  The  somnifacient  action  of  beer  is  certainly  due 
mainly  to  the  alcohol,  although  the  hops  may  contribute  to  ii.  The 
old  beers  were  brewed  without  this  addition.  The  first  notice  of  such 
Ui>e  occurs  in  1050.  but  it  wais  legally  prohibited  in  England  as  Utc 
as  1530.  At  present  the  dithcnlty  lies  the  other  way,  brewers  some- 
times adding  other  bitter  substances  —  even  strychnin  and  picroloxin 
have  been  reported. 

Humulus  (L.  S,  P.)  [Lupului,  B.  P-l.  Ho/>s.— The  dried  strobile* 
( female  fl« »wer> )  of  // ttmulus  /. uf>ulus,  Urticaccae.  Cultivated.  Tlic 
active  part  consists  in  small  glands,  which  can  be  separated  a.^  a 
powiler : 

Lupulinum  (U.S.  P.,  B.  P.). —  Lupulin. —  Volatile  oil,  cholin.  resin; 
active  principle   not   determined. 

Two  acids  (  and  «^  iuf^uiitiic  acids)  are  present.  They  stimulate 
the  respiratory  and  vagus  centers;  this  is  followed  by  depression. 
They  also  depress  the  cardiac  muHclc.  Lupulin  contains  a  further, 
unknown,  constituent  which  is  insoluble  in  water  and  a  strong  cardiac 
poison,  All  these,  however,  arc  not  active  when  administered  by  the 
stomach,  and  arc  therefore  not  concerned  in  the  action  of  the  drug. 
Dose:  0.2  to  I  Gm.  (3  to  15  grs.)  (0.5  Cm.  =  ^i'i  grs..  V  S.  P.). 
preparations:     U.S.  P.:     (These  are  not  miscible  with  water.) 

Piuidextracium  Lupulini. —  Alcohol.     Dose:  0.5  c.  c.  =8  m. 

Olcorcsina   I.upuHni. —  Acetone.     Dose:   02   Gm.  ^3   grs. 
B.P.: 

Tinctura  L)tpuli. —  20%;  one-half  alcohol.    Dose:  8  to  30  c.  c 
8  drachms). 

lufusum  LupuH. —  Dose:  30  to  60  c.  c.  (1  to  2  ozs). 

Lactucarium    ( U.  S.  P. ).—  Lettuce-juice.—  The     dried     milky 
from  the  sUilks  of  the  Lettuce,  Lactuca  virosa.  Compf>sit?e.     Cultivated 

Resin,  gum:  nature  of  active  principle  not  determined.  The  presence 
of  atropin  was  claimed,  but  later  investigations  have  proven  this  errone- 
ous. Lettuce  leaves  and  lactucarium  are  credited  with  some  hypnotic 
power,  but  the   remedy  is  obsolete. 

Dose:  a6  to  4  Gm.  do  to  60  grs.). 
Preparations: 

Syrttpus  Lactucarii  (U.  S.  P.).— 5%.    Dose:  8  c-c  =  25. 

Tinctura  Lactucarii  (U.S.  P.)- — 50%.  Dil.  alcohol  and  glycerin. 
Dose:  2  c.  c.  =^30  TH.. 

Related  to  the  stimulatinf^  action  of  cannabic;  are  certain  products 
obtained  by  the  Mexican  Indians  from  the  juices  of  various  cacti,  gen- 
erally by  fermentation.  The  most  interesting  of  these  i?  the  mescaU 
prepared  from  Anhalonium  Lewinii.  This  contains  four  alkaloids 
which  agree  qualitatively  in  their  actions.  The  latter  are  quite  numer- 
ous: a  slowing  of  the  heart,  a  curare  action  on  striped  muscles  a 
specific  depression  of  the  respiratory  center,  and  a  s-limnlation  of  other 
parts  of  the  central  nervous  system.  The  stimulation  is  shown  mainly 
in  certain  special  senses,  most  conspicuously  in  vision,  the  effect  ap- 
pearing as  a  loss  of  coordination.  It  produces  hallucination  nf  all  the 
special  senses,  but  particularly  of  sight.  There  are  flashes  and  line* 
of  ever-changing  colors.  Since  thej'  are  the  same  in  both  eves,  they 
must  be  central  (Dixon,  1899). 
Study    Materia    Mcdica   Lc»*on    jo. 
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The  drug  is  not  at  all  used  therapeutically,  although  the  euthanasia 
which  it  produces  even  in  small  dos<;s,  and  the  cardiac  depression  with- 
out   a  constriction  of  the  vessels,  might  possibly  be  usefu!. 

The  Mexican  drink  "  pulque,"  produced  by  the  fermentation  of  the 
juictf  of  the  maguey  plant,  produces  an  alcoholic  intoxication  modified 
hy  the  presence  of  other  substances,  perhaps  belonging  to  this  group. 
In  the  intoxication,  the  ihoughi  and  language  are  low,  the  patient  is 
boisterous  and  quarrelsome,  and,  it  is  said,  generally  unhappy. 

Loco  Disease. —  Horses,  cattle,  and  sheep  on  the  Western  stock 
nnches  are  subject  to  this  peculiar  disease,  which  bears  son>e  resem- 
Warace  10  drug-habits.  There  is  no  agreement  as  to  the  cause  of  this 
condition.  Marshall  (1904)  attributes  it  to  bad  feeding,  parasites,  etc. 
T)ie  more  prevalent  opinion,  however,  refers  it  to  the  eating  a  number 
of  leguminous  plants  (loco  weeds  —  especially  Aragalhis  spicatus). 
The  poiwnmg  may  be  acute  or  chronic,  i.  r.,  death  may  result  in  a  few 
days,  or  the  disease  may  persist  for  years.  The  chronic  form  is  due 
loan  acqttired  tolerance,  the  animals  developing  a  craving  for  tlic  plant, 
a  rcgtilar  drug  habit.  "The  sheep  may  be  seen  hurrying  with  trembling 
Kilt  from  one  low  plant  to  another,  devouring  each  with  nervous  haste. ' 
Normal  animals  avoid  the  plant,  hut  may  be  induced  to  eal  it  hy  the 
example  of  others.  The  eating  of  alkali  also  seems  to  pervert  the  ap- 
petite and  to  favor  the  acquirement  of  the  habit. 

TVic  s>'mptoms  consist   in   motor   incoordination,    forced   movements, 

mis3iid?ment  of   distance,  stupidity,  apparently   hallucinations.     In   the 

the  chronic  form  there  is  emaciation.     Death  is  preceded  by  coma  and 

coTivulsionv     When   e.xtracls    arc   administered    to   rabbits,   the   effects 

aTf  mainly  narcotic.     The  active  principle  is  said  to  be  an  acid.    ^ 

The  symptoms   consist   in   motor   incoordination,   forced   movements, 

pktely  if  the  drug  is  withheld,  although  horses  preserve  some  nervous 

disorder  permanently.     No  withdrawal  symptoms  appear  to  exist.     All 

the  mimals  will  recur  to  the  habit  if  the  opportunity  is  given. 

C.  HYDRASTIS. 

Hydrastis  (Golden  Seal)  contains  at  least  three  alkaloids:  Hydras- 
tin.  Bcrbcrin  and  Canadin.  The  actions  are  due  mainly  to  hydrastin. 
B/rftmn'  acts  as  a  simple  bitter  in  small  doses.  Large  doses  cause 
a  (all  of  blood-pressure  from  vasomotor  paralysif.  This,  as  also  its 
birtcr  taste  and  the  yellow  stain  which  it  produces  on  linen,  render 
It  objectionable  in  the  tlierapeutic  use  of  hydrastis.  Cancdin  resem- 
'^'"•rnorphin  somewhat  in  its  action,  h  is  present  in  too  smalt  a 
<|wmitr  to  be  of  practical  importance. 

■lydrtstin  is  very  closely  allied  {n  narcotin  in  its  composition  and 
wti'ms.    The  two  alkaloids  al.10   vield   analogous  decomposition  prod- 


Hydnstin  =  C..HuKO,.H.20CH*. 
Nareotin  =  C..M..NO..3OCH1. 

CHbK'o.  +  o 
"yrfrastin. 


C^HAU  +  20 
Narcotin. 


—  Ci»H|«Oa 

Opianic  Acid. 


C.HnNO,^ 

TTydrastinin, 

C.HnNO. 
Cr»tamin. 


Actions  of  Hydrastin  and  Hydrastis. —  Modt-ratc  doses  produce  a 
rtrydijiin  effect  nn  the  spina!  cord,  the  paralytic  phase  being  quite 
pniminttit     Tlierc  is  no  narcosis.     IlydraMin  is  allied  to  the  protopin 

^rheria    U    in    inienwiy    yellow    nikaloid    found    in    fnany    plant*.    c«i«cctally 
a  BerhcTu  valiarti.    Xanthoxylon,    Coptii,   Sanguinana.    I'odophylliim,    etc. 
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group  (see  page  191).  in  that  ii  has  a  weak  local  anesthetic  action,  and 
in  producing  a  paralysis  of  the  cardiac  and  skeletal  muscles  Large 
doses  produce  a  fall  of  blood-prcssnre  through  central  vagus  slirnula- 
tion,  and  vasomotor  and  cardiac  paralysis.  Therapeutic  doses  produce  a 
rise  of  blood  /pressure,  but  the  statements  oJ  diflcrcnt  invcjjtigators  are 
quite  contradictory  as  to  the  importance  of  this  effect :  Some  claim  tlial 
the  rise  is  large  and  persistent;  others  that  it  is  small  and  short.  Some 
insist  on  a  direct  stimulation  of  the  cardiac  and  arterial  muscle,  whilst 
others  refer  the  effects  to  the  strychnin  action.  It  is  not  unlikely  that 
the  uncertain  results  are  due  to  the  presence  of  decomposition  products. 
With  so  much  variability  in  the  effects,  it  seems  only  safe  to  conclude 
that  the  rise  of  blood  pressure  is  uncertain,  and  usually  small  a»d  she>rt, 
and  tltat  it  is  soi:)n  followed  by  a  fall,  due  to  vasodilatation  and  cardiac 
depression  (Marfori,  1890). 

Therapeutic  Uses —  Hydrastis  has  been  used  internally  as 
a.  stoniachic  ulue  to  the  berlwrin);  in  epilepsy  (empiric): 
and  to  check  internal  hemorrhage.  This  last  use  is  based 
on  the  supposed  vasttconstriction.  Locally  it  is  use<l  espe- 
cially on  the  genito-urinary  tract,  in  catarrhal  conditions 
and  hemorrhage.  The  therapeutic  uses  of  hydrastis  arc 
not  endorsed  by  experimental  data,  and  the  clinical  evidence 
appears  insufTicient  to  establish  their  value. 

Hydrastinin. —  Hydrastin  splits  by  hydration  into  opi- 
anic  acid,  and  a  new  alkaloid,  hydrastinin.  the  actions  of 
which  differ  radically  fnnn  those  of  its  mother-stibstance. 
It  has  lost  the  spinal  actions  and  the  paralytic  effects  on 
muscle.  These  arc  replaced  by  a  direct  stitnulation  of  car- 
diac and  arterial  muscle,  and  by  a  stimulation  of  the  me- 
dulla. This  is  succeeded  by  paralysis,  death  occurring' 
through  stoppage  of  the  respiration. 

The  most  conspicuous  effect  of  moderate  doses  is  a 
marked  and  per.mtent  rise  of  blood  pressure,  due  to  the 
stimulation  of  the  vas<miotor  center,  and  of  the  cardiac  and 
arterial  muscle.  ( Tlie  kidney  vessels,  however,  are  dilated. 
Paldrock,  1896.)  This  pressure  effect  is  not  followed  by 
a  compensating  fall,  so  that  hydrastinin  should  be  an  ideal 
drug  for  raising  the  blood  pressure  ( in  shock,  hemorrhage, 
etc.).  It  has  not,  however,  been  tried  sufficiently  to  decide 
on  its  value. 

Cotarnin — Narcotin  also  splits  by  hydration  into  opi- 
anic  acid,  and  cotarnin  (trade  name:  stypticin).  This  re- 
tains the  narcotic  action  of  narcotin,  but  has  lost  the  strych- 
nin-effect. It  has  been  recommended  against  Iwuiorrliage, 
and  good  results  are  claimed  for  it.  No  satisfactor>'  ex- 
planation is  offered  except  that  it  lowers  the  blood -pressure 


4 


COCAIN. 

through  vasomotor  depression.  It  is  also  said  to  start 
uterine  contraction.  More  extensive  experience  is  needed 
before  the  value  of  this  drug  can  be  considered  as  proven. 

Hydrastis  (U.S.  P.)  IHydraslis  Rhlzoma.  B.  P.]  — The  rhizome 
and  rriotv  of  Hydrastis  canadcttis^  Ranunculaccae.       North  America. 

B<Tbrrin.  j  lo  4%;  hydraslin,  at  least  2.5%,  U.S.  P.;  canadin ;  rcsin. 
/'*rcparjtions: 

Huidcstractum  Hydrastis  il.\S.  P.)  [Ex.  H.  Liquidum,  R.  P.I.— 
Six-lcnths  alcohol,  one-tenth  glycerin.  Misciblc  with  water  or  alconol. 
^%  hydrasiin.  Dose:  2  to  8  c.  c  (34  to  2  drachms)  (2  c.  c.=3o  rn., 
U.S.  P.). 

Cty<4rttum  Hydrastis  (U.S.  P.). —  A  fluid  extract  liavmg  equal  vo!- 
umrs  of  glycerin  and  water  af  menMruiim.  I'sefitl  as  injection.  Mi.s- 
ciblr  with  water  or  alcohol.  Dose:  2  to  8  c.  c.  <>^  to  2  drachms)  (2 
c.  c  =30  TH..   U.S.  P.). 

Jinctura  Hydrastis  <U.  S.  P.»  B.  P.).— 20%:  0.4%  hydrasiin,  one- 
half  alcohol.  Dost:  8  to  20  c.c.  (2  to  5  drachms)  (4  cc.=  i5. 
V  S  PI. 

Hydrostina  (U.  S.  P.),  CnH«NO,. —  Insoluble  in  water,  soluble  in 
135  jkohol.  Not  employed  externally  on  account  of  its  insnhihility. 
Dcsf'  ooto  to  003  Gm.  (M  to  Y3  grain)  (10  mg.=  }-$  gr..  U.S.  P.). 

iiyJrasttmno'  Hydrochloridum  (U- S.P.).  C1.H1.NO..HCI,— Prepared 
bjr  the  cixidatinn  of  hydrattin  with  nitric  acid  Soiuhle  in  03  water  or 
3  alcohol     Dose:  30  mg.  =  M  gr.    Hypodermically  in   10%  solution. 

•'  '  -  rt.r  liydruchlofidum  (Stypticin). — Yellow  powder,  soluble  in 
w  .'.hoi.     Dose:  o.oi  to  0.3  Gm.  Ws  to  4  grs. )  by  month,  or 

ii  ..:,;.ciion. 


CHAPTER  X. 
COCAIN  GROUP. 

I.  DERIVATION. 

Cftcain  w  derived  from  the  leaves  of  Erythroxylon  Coca,  a  tree  in- 
^jttPO"^  to  South  .Xmcrica.  The  leaves  were  chewed  from  time  im- 
■■"jorial  hy  the  natives  to  relieve  fatigue  and  hunger,  and  also  to 
I'lidact  psychic  stimulation  somewhat  after  the  manner  of  cafTein.  It 
'*  wjft  (^l(i^;,lf  J  jj,  some  other  tropical  countries. 

^^  trif  hr*t  introduction  of  the  leaves  into  Europe  the  effects  were 
rJ**Pt^iinjng.  and  ihe  statements  of  the  explorers  were  regarded  as 
^*'*leTV  uleji  The^e  disappointing  results  were  due  to  the  fact  that 
™  »«i\»lions  for  which  it  is  cmplojxd  by  the  natives  —  hunger  and 
™i?ue^,i;<j  nol  exist  in  the  experimenters.  The  drug  then  fell 
'*3 '>rilcly  into  disuse. 

'Ij'  fliscovefer  of  ovain  ("Niemann,  t86o)  and  several  others  had 
'wm-fd  tjjp  anesthetic  action  of  the  tongue,  hut  this  did  not  attract 
'"  JHfntion  of  medical  men.  perhaps  because  the  obser\'crs  were 
"""•'J"  chemists.  The  first  clai-sica]  pharmacologic  work  on  the  drug 
*^*  *tone  hv  von  .\nrep  ("1880)  The  intrwlurtion  of  cocain  as  a 
P'^a»c«  local  anesthetic  is  mamly  due  to  Roller  (1884). 

*  S<A   dfficiat 
Stsnly  MaierU  Mrdica   Lcuon  30. 
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The  principal  action  of  cocain  —  the  local  anesthesia  —  is  also  pos- 
sessed by  a  number  of  other  drugs;  but  since  thei«  differ  considerably 
in  other  respects,  their  actions  will   be  described  separately. 

11.  SUMMARY   OF  ACTIONS. 


I 


I 


1.  Cocain  is  a  strong  general  protoplasmic  poisott,  par- 
alyzing all  cells  with  which  it  is  placed  in  contact.  How- 
ever, it  acts  more  str()ngly  on  some  than  on  others, 

2.  Its  local  ajjplication  paralyzes  nerve  cells,  fibers  and 
endings.  Sensory  nerves  are  the  most  sensitive;  so  that 
cocain  acts  as  a  locai  anesthetic.  The  structures  generally 
recover  completely  when  the  cocain  is  removed. 

7,.  It  produces  a  local  vasoconstriction  at  the  place  of 
application. 

4-  It  dilates  the  pupil,  both  with  direct  and  systemic  ad- 
ministration, by  sympathetic  stimulation,  central  and  peri- 
pheral 

5.  On  systewic  administratioh  it  causes  an  irregular,  but 
on  the  whole  a  descending,  stimulation  and  paralysis  of  the  ■ 
entire  central  nen'ous  sysietn.  f 

(\  It  produces  a  specific  rise  of  temperature,  by  stimu-* 
lating  the  tliermogenctic  center  of  the  caudate  nuclei. 

7.  It  causes  a  %'acuolar  degeneration  of  the  liver  cells  itj 
rabbits. 

8.  Its  continue*!  use  leads  to  the  fonnation  of  a  habit 
resembling  morphinism. 

in.  DETAILS  OF  ACTION. 

The  systemic  effects  of  cocain  are  rather  variable  and  complex, 
pending  largely  npon  the  dose.  Whilst  all  structures  are  firs*  stimu- 
lated and  then  paralyzed,  the  susceptibility  to  the  poison  is  not  uni- 
form. Indeed,  some  portions  of  the  nervous  system  show  only  stiitiu- 
lation.  death  occurring  before  the  paralysis  of  these  structures  is 
reached  On  this  account  also,  the  peripheral  actions  are  only  pro- 
duced by  local  application. 

Central  ITervous  System — (a)  The  frog  shows  at  first 
symptoms  of  stimulation  by  increase  of  the  voluntary  move- 
ments and  exaggeration  of  the  reflexes,  sometimes  leading 
to  convulsions.  This  is  followed  by  partilysis  of  the  whole 
centra!  nen-ous  system. 

(h)  The  symptoms  in  mammals  resetnble  at  once  those 
of  poisoning  by  atro]>in,  morphin.  and  caffein. 

(A)  Brain. —  The  first  effect  is  a  well-marked  stimula- 
tiCi  of  the  higher  parts  of  tlie  brain  (caflfein  action).     This 
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t*  show^  in  animals  by  increased  movement,  which  is  per- 
fectly   normal    in   character.     In   man    there   is   a   certain 
Amount  of  psychic  stimulation  and  also  wakefulness.     A 
greater  endurance  against  fatigue  and  hunger  is  also  no- 
ticed. 


Hom-  far  thiR  may  be  One  la  a  stimulation  after  the  manner  of  caffein, 
or  !n  a  narcosis,  after  the  manner  of  morphin,  is  impossible  to  state. 
U  i«  ii<)t  at  all  imlikcly  that  bnth  play  a  part.  In  regard  to  the  sensa- 
-"■»  of  hunger,  it  is  aln)  probable  that  local  anesthetization  of  the 
I' ;n,.j.^li  41(1*  in  ihc  effect. 

Tlie  rcMstance  to  fatigue  can  be  demonstratctl  with  the  ergograph. 
-Anoibrr   evidence  of   the   stimulating  action   of  cocain    is   furnished 
(he  fact  that  animals  to   which  it  has  been  administered  are  more 
ijIi  to  put  ami  lo  keep  under  chloroform  or  other  anesthesia.     The 
Illation   is  greater    with   excitable    individuals,   and   may   seriously 
ustcrfcre  with  operations. 


This  stage  of  stimulation  may  l^e  very  short  or  even  ah- 
sent.  Witlt  somewhat  larger  <l(»scs  it  may  be  followed  by 
de^iression,  first  of  the  coordinating  functions.  The  move- 
nicnts  lose  their  purposive  type  and  become  choreic.  There 
15  Iheti  a  general  narcosis  after  the  manner  of  morphin. 

Til  is  is  followed  by  comnlsions. 


Tin* 

V- 


^ra!  of  these  has  not  been  exactly  determined.     The>*.  like  the 
'■■.  are  probably  descending,  and  the  different  convulsive  ccn- 
affectcd  in  succession.     In  some  stages  at  least  they  seem 
"j<  exclusively  in  the  hind  brain. 


"    the  paralysis  is  rapid,  the  convulsive  stage  may  not 

Tilt?  thcrnto genetic  ccftter  is  stimulated,  so  that  there  is  a 
J^^of  temperature. 


.The 


brTmal  action  of  cocain  i*  exerted  upon  heat -production,  for  it 

ffcctive  after  curare  (which  cuts  down  heat  production  by  pre- 

-  rmrnt).     The  heat  dissipation  is  a  trific  increased 

reuce.  i.  f,,  through  the  rise  of  tcnipcrainre.     The 

M  ...... >,.^tirin   is  not  due  to  the  convulsions   for  it  occurs 

nre  of  the  latter   f nevertheless,  when  they  exist,  they  con- 

'k-    thermal   action.  33   do  also   the  psychical  and  cerebro- 

t  ).    The  cocain  must  therefore  produce  its  action  di- 

itHgrnetic  center  (Reickert,  tgoj"). 

■.  int;  centers  are  generally  accepted  by  physiologists  as  regii- 

umAucuon'    (t)    A  general  or  reflex  thcrmogenctic  center 

rd,  which   acts  on   the  muscle's   through   specific  nerve 

I    i<  able  to  keep  up  the  normal  heat   production   for 

1  in  the  absence  of  the  higher  centers.     The  latter  act 

tl  renter     (2)  A  thermoacceieraior  center  in  the  cau- 

U   (j)   another  in  the  pontobulbar  region:  these  differ 
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somewhat   in   ihcir   functions.     (4)    A   thcrmoinhibitory   center  in   the 
(crucial)  cerebral  cortex. 

These  centers  regulate  the  specific  heat  production,  which  has  its  seal 
mainly  in  the  muscles  A  large  amount  of  heal  is  also  generated  in 
the  body  incidenial  to  the  normal  physiologic  activity  of  the  muscles, 
etc.  The  specific  heal  production  varies  normally  in  inverse  ratio  to 
the  incidental  generation  of  heal,  so  tliat  the  total  heat  production  i» 
kept  nearly  consrtant.  The  action  of  cocam  is  not  upon  the  cord,  nor 
on  the  pontobulbar  centers,  for  it  does  not  occur  on  section  of  the 
crura  cerebri.  Nor  does  it  act  on  the  crucial  centers,  for  it  is  effective 
after  the  ablation  of  these.  Us  action  consists,  therefore,  in  a  sitmula- 
tion  of  the  caudatr  nuclei;  a  conclusion  which  is  confirmed  by  their 
extirpation:  as  long  as  any  of  the  nuclear  substance  remains,  cocain 
produces  its  effect,  but  it  has  no  result  if  the  excision  is  complcte- 

(B)  The  medulla  is  affected  at  quite  an  early  stage. 
The  respiration  is  at  first  accelerated.  During  the  spasms 
it  is  irregular.  Tlie  volume  then  diminishes.  It  may  as- 
sume the  Cheyne-Stokes  type.  Respiratory  paralysis  is  the 
usual  cause  of  death. 


I 


This  is  also  the  first  center  to  fail  when  the  cocain  is  applied  locally 
to  the  fourth  ventricle. 

The  vasomotor  center  presents  an  early  stimulation  and 
much  later  paralysis.  The  changes  in  this  center  account 
for  the  variation  in  the  fpiantity  of  urine,  which  may  be 
increased,  but  is  more  often  diminished. 

The  vagus  center  is  first  stimulated,  but  suffers  depres- 
sifin  quite  early. 

The  effects  on  the  general  circulation  are  partly  central, 
partly  peripheral.  They  vary  according  to  the  dose,  as 
shown  diagraniatically  in  Fig,  54. 


* 


The  effects  also  vary  somewhat  with  different  individual-:,  as  some 
are  much  more  susceptible  to  small  doses,  or  to  certain  phases  of  the 
action.     The  t>'pical  actions  are  briefly  as  follows: 

Very  smalt  dosrs  ditnititsh  ttte  pulse  rate,  by  stimulation  of  the  \'9igus 
center.  There  is  a  quick  rise  of  blood  t>rcssure  from  stimnlatton  of 
the  vasomotor  center;  this  is  followed  by  a  temporary  fall  due  to  the 
slowing. 

Moderate  doses  quicken  the  pulse,  mainly  by  central  and  peripheral 
depression  of  the  vagus,  with  some  stimulation  of  the  accelerator  cen- 
ter.    The   pressure   rises,    from   stimulation   of   the    vasomotor  center,       ^ 
aided  by  the  faster  heart  rate.     It  occurs  also  in  the  absence  of  con-    — 
vulsions. 

Jjirge  dosfs  cause  a  great  fall  of  pressure  and  slow  and  weak  pulse     r-; 
from  the  depression  of  the  medullar>-  centers   (collapse)  and  of 
cardiac  muscle 

The  effect  on  the  heart-rate  demand?  some  further  discussion:  T!i« 
slcnving  from  small  doses  does  not  occur  if  the  vagi  have  been  ctrt.  fc 
that  it  is  of  central   origin.     The  quickening  from  moderate  dose*  is 
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also  l«ss  marked  if  the  vagi  have  been  divided,  so  that  it  h  probably 
due  in  pan  to  a  depression  of  the  vagiH  center.  The  vagus  ganglia 
arc  al&o  depressed,  for  electrical  stimulation  of  the  vagus  trunk  is 
only  partly  successful.  In  the  frog  these  ganglia  can  be  paralyicd 
completely  by  the  local  application  r>f  cocain,  l)ut  in  the  intact  mam- 
mal I  He  paralysis  is  not  complete.  Some  quickening  occurs,  however, 
c\-cn  ^vhcn  the  vagi  have  been  divided,  but  none  is  seen  if  the  accelera- 
tors Have  also  been  cut.  The  excised  heart  (Hcdbom-Langeiidorff 
fTirthoci)  shows  a  lessening  of  both  rate  and  systole.  Thi.^  justifies 
ihe  conclusion  that  there  must  also  be  a  stimulation  of  the  accelerator 
center.  The  final  slowing  is  due  to  a  direct  paralysis  of  the  muscle, 
for  it  is  accompanied  by  weakening  of  llic  contraction,  and  it  occurs 
after  atropin.  and  in  the  excised  heart.  The  intravenous  injection  of 
cocaiti  has  a  very  prom»unced  effect  on  the  splanchnic  circulation. 
The  intestines  ap|>ear  unusually  pale.  Handling  of  the  viscera  and 
other  measures  of  "  shock  "  which  cause  a  splanchnic  dilation  and 
consequent  fall  of  blood-pressure  in  rxjrmal  animals,  have  less  or  no 
c^cxiX  after  cocam.  Burning  and  stimulation  of  the  sciatic,  which 
cause    a  rise  of  pressure  normally,  arc  also  ineffective.     It  bus  not  been 
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t-i^~' Diagram    of    the    jIcUohs    of    Coiain    on    Rfxpiration    ami    Circulation. 
'A  n»e  of  ihc  curve  signifies   an    increase   or  ttimulaiion;   a    fall,    the   reverse.) 


investigated  whether  this  want  of  response  is  due  to  a  blocking  of 
afffreni  impulses:  to  a  peculiar  condition  of  the  vasomotor  center:  or 
lo  a  blocking  of  the  splanchic  (Crile,  1901). 

The  vomiting  which  frequently  occurs  in  cocain  poison- 
■"&  IS  perhaps  due  to  the  merlullary  stinnilaliou.  \n\\  its 
ni€chanism  has  n*»t  been  fully  investigated. 

(C)  Spinal  Cord. —  In  frogs  in  which  tlie  brain  has  been 
removed,  cocain  causes  at  first  an  increase  of  the  reflexes, 
then  cnnvulsions,  and  finally  total  paralysis.     In  intact  ani- 
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mals  this  effect   is  obscured  by  the  action  on  the  higher 
centers  of  tlie  nervous  system. 

The  results  uf  applying  cucain  directly  to  the  cord  ^vill 
be  considered  later. 

Effect  on  Metabolism. —  In  rabbits,  large  doses  of  cocain  c£usc 
rapid  loss  of  weiKhl.  Thf  (jiiantily  of  nrinc.  us  spccitic  gravity,  and 
particnlarly  the  urea,  are  diminished,  whilst  ihe  incompletely  oxidizctl 
(extractive)  nitrogen  is  increased.  During  recovery,  the  quantity  of 
urine  returns  promptly  to  normal  or  above :  the  disturbances  of  ihc 
nitrogen   metabolism  persist   for  some  time   (Maestro,  19014). 


I  • 


THE  LOCAL  ACTION  OF  COCAIN.' 

(A)  When  cixain  is  brought  into  contact  with  the  nerve 
endings,  it  paralyzes  them  in  certain  situations.  In  the 
skin  it  affects  those  having  to  do  with  pain  and  touch,  but 
in  a  lesser  degree  or  not  at  all,  those  having  to  do  with 
temperature.  In  the  nose  it  abolishes  the  sense  of  odor; 
in  the  tongue,  the  taste,  especially  for  bitter,  less  for  sweet  ■ 
and  sour  substances:  it  has  no  effect  on  salty  taste. 

Like  quite  a  luimher  of  other  poisons. —  ether,  alcohol, 
chloroform,  carbolic  acid,  etc.,— it  produces  a  tcuiporary 
paralysis  of  ihc  ucnr-tnatk  to  which  it  is  directly  applied. 


.If  fairly  strong  solutions  arc  used,  the  paralysis  is  as  complete  a» 
if  the  ner\x  were  divided  with  a  knife,  and  it  can  be  produced  on  all 
kinds  of  nerves.  If  the  solution  is  washed  away  the  nerve  six»n  re- 
covers its  functions  completely.  Very  strong  solution  can  produce 
neuritis  and  permanent  paralysis.  With  solutions  weaker  than  ^'2% 
the  paralysis  is  incomplete:  ganglia  are  paralyzed  most  readily,  then 
sensory  fibers,  the  motor  fibers  being  the  most  resistant. 

This  selective  paralysis  is  also  seen  in  other  fibers:  when  applied  to 
the  appropriate  mixed  nerves,  the  centripetal  vagus  fibres  are  paralysed 
before  the  centrifugal;  the  vasoconstrictors  before  the  vasodilators; 
the  bronchial  constrictors  before  the  dilators;  etc.  (Dixon.  1904). 
The  cocainizalioii  of  the  vagus  has  been  sviggested  in  cases  of  vagus 
cardiac  standstiH  during  operation. 


The  injection  of  cocain  into  the  spi9ial  subdural  canal 
acts  in  the  same  manner,  /.  c.  by  paralyzing  the  sensory 
fibers  of  the  nerve  rctots.  In  this  way  a  complete  anesthesia 
to  pain.  less  to  touch,  may  be  produced.  The  motor  nerves 
are  but  slightly  interfered  with,  while  consciousness  re- 
mains normal. 

When  cocain  is  applied  t*^  a  mucous  membrane,  it  ren- 
ders it  oftcmic.     This  is  probably  due  to  a  local  stimulating 

■  ExcTcite  4  A* 
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act:m<ni  on  the  arterial  wails,  although  the  cause  is  not  cer- 
tai  VK  .    This  effect,  a?  well  as  the  toxic  action  on  protoplasm, 

prc^^luces  an  astringent  sensation  and  an  actual  contraction 

of     ^^--ascular  formations,  such  as  polypi.* 

'MI  -mn  all  these  sensory  effects  there  is  no  stimulation,  such 

as     ""w^ould  be  evinced  by  pain,  etc 

I'fci  is  claimed  that  cocain  produces  certain  htstoiogic  changes  in  tiic 
sen  ^^.^ary  corpuscles  of  Ilcrbst  and  Vater-Pacini.  None  have  as  yet 
bee^r-*  demon  titrated  in  nerve  trunks  or  the  spinal  cord  after  the  in- 
jec*.  -M  on  of  cocain,  but  the  methods  were  perhaps  not  sufficiently  deli- 
cat-c=-_ 

''^'^'ith  the  application  of  2^^  to  10%  soliUion  to  the  mu- 
co»-:».  s  membranes,  the  anesthesia  appears  in  a  few  minutes 
an«r'E  lasts  ten  to  thirty  minutes. 

^^. 'er)*    lartje   doses    also    par:ily;:e    the    motor   endings    in 

<^  B)   Action  of  Cocain  on  the   Eye.-- — When  cocain   is 

ad  "ministered  either  Uxrally  to  the  eye  or  systemically,  there 

\s      '■.isiially  a  submaximal  dilation  of  the  pupil.     The  iris, 

ho"v^ever.  still  reacts  to  light.     The  accommodation  is  also 

itn-pwired  so  that  the  punctum  proximum  is  more  distant. 

The  mydriasis  differs  from  tliat  produced  by  atropin,  in 
\U«:  persistence  of  the  reactinn  tn  light,  and  the  tlilatation  is 
\css  complete.  It  also  differs  in  se\eral  other  respects: 
Pilocarpin  and  muscarin  prcidnce  coustriction  easily  after 
cocain,  but  not  so  readily  after  atropin.  Cocain  also  pro- 
ducts a  contraction  of  the  vessels  of  the  iris.  The  eyehds 
stand  wide  open:  there  is  exophthalmos.  The  intraocular 
lensinn  is  reduce^l.  These  plienc^mena  correspf>nd  exactly 
i"  those  produced  bv  the  stimulation  of  the  cervical  sympa- 
tbclic, 

^Vhcn  the  sympathetic  fibers  ha\e  de,£;'enerated  ( eight 
ilavs  after  extirpation  of  the  superior  cervical  ganglia)  the 
cocain  is  inactive  to  the  eye.  Its  effects  must,  therefore. 
M  due  In  stimulation  of  the  sympathetic,  and  since  they  do 
Tiot  disappear  immediately  after  section  of  this  nerve,  but 
f"»niy  aft^p  ij  i^gj;  become  degenerated,  this  stimulation  must 
reside,  at  least  in  part,  in  the  endings.  But  since  it  is  then 
"luch  weaker,  it  must  be  in  part  central  (Schnltz). 

The  atropin  dilatation  i^  caiti^ed  by  paralysis  of  Ihe  ocnlnmotor  end- 
'"8*'  Tjiiji  plays  no  part  in  the  cocain  action  except  with  very  strong 

,lt  It  rLiimtd   that   in   the   frog  it   dtlatci   tti«   vessels  on   local   application. 
•CWwIt   Exercise    54. 
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solutions,   for  stimulation  of  the  oculomotor  trunk  still   causes  con- 
traction. 

In  birds'  eyes  cocain  produces  no  dilatation,  whereas  in  frogs  it     Vs 
very  marked. 


In  addition  to  the  mydriasis,  it  of  course  also  producr 
anesthesia   and    destruction   of  reflexes,   such   as   winkir~K^^, 
when  locally  applied. 

Cocain  sometimes  produces  cloudiness  and  even  gangr^'xr'ic 
of  the  cornea,  due  to  its  protoplasmic  toxicity  and  to  tl:^ 
drying,  etc..  resulting  from  the  abolition  of  the  reflexes. 


^ 


The  hypodermic  injection  may  also  lead  to  ahscesa  formation. 

Cocain  has  practically  no  cflFect  on  secretion,  nor  has  it  any  ac« 
on  metabolism  beyond  the  increase  of  temperature,  which  has  aire 
been  noted. 

It  is  toxic  to  the  lower  forms  of  animal  life   (infusoria,  etc.), 
scarcely  to  Ixicicria. 


J 


Fate. —  The  cncain  is  almost  completely  destroyed  in    t  ^i^ 
organism  of  mammals,  not  even  ecgonin  is  found  in     tlie 
urine.     Outside  of  the  body,  it  is  readily  decomposed 
heating  into  benzoic  acid  and  ecgonin. 

This   occnr^    if    solutions   are   heated    for   some    time  above  80**' .    ■-^. 
(176*  F. ).     Cocain  solutions  cannot,  therefore,  be  sterilized  by  boi  1 »  •"*»i 
bin  the  object  may  be  effected  by  bringing  the  solution  repeatedly'' 
So*"  C  and  cooling  between. 


IV.  TOXICOLOGY. 

This  is  of  special  importance,  since  cocain  poisoning  is  not  a    ^*'' 
uncommon    occurrence    in    the    therapeutic    empIo>'n»ent   of   the    dJ"*-*^^ 
Very  large  amounts   are   sometimes   used    in   a   most   careless'  v.  .-'""' 
for  local   anesthesia,  and    since  the  absorption   is    fairly   rapid, 
and  even  fatal  results  may  follow.     The  uncertainty  of  the  ab< 
accounts   in   part   for   the   varying    intensity  of    the   effects.     1^ 
cases  2  drops   of  a  4%   solution    (=0.005  Cms.)    in   the  conjui..'        _^-, 
sac  caused   serious  collapse:  whilst  vei->-  much   larger  doses  prodtiif*^ 
no  effect  in  other  cases.    The  ordinary  fatal  dose  lies  about  02  t^''^*_ 
(3  grains).    The  smallest  quantity  which  has  proved  fatal  is  0.08  Gn*- 

The  symptoms  of  acute  cocain  poisoning  are  some>vh^ 
variable.     There  may  be  excitement   followed  by   deprer^^* 
sion  and  melancholia,  or  the  former  may  l>e  absent.     \Vh^ 
the  dntg  is  taken  by  the  mouth,  there  is  often  the  sensatir^^*^ 
of  pricking  of  the  tongue,  nausea,  vomiting,  abdomin^^ 
pain,  etc  ^^ 

The  pupils  are  dilated  and  the  accommodation  impairo^^^ 
The  heart  is  quicketied  and  shows  palpitation;  the  respira^ 
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tion  is  accelerated  and  deepened,  and  later  sliallnw  and 
irregular  and  then  Cheyne-Stokes ;  the  sktn  is  pa]e  and 
cyctnotic  and  often  exhibits  the  sensation  of  formication. 
There  is  a  feeling  of  faintness.  vertigo,  flickering  before  the 
eyes,  then  coma.  The  reflexes  are  heightened  and  may 
pass  into  choreic  movements  or  general  convulsions.  This 
is  followed  by  ci>llapsc.  The  cause  of  <lcath  is  respiratory 
failure.  The  postmortem  ap])earances  are  those  of  as- 
phyxia. 

The  treatment  consists  in  evacuation  of  the  stomach  and 
cheinic  antidotes  if  the  drug  has  been  taken  by  the  mouth; 
otherwise,  of  the  collapse  treatment:  Strychnin,  caffern. 
ammonium  carbonate,  sinapism  to  the  chest  and  abdumen. 
The  head  shouUI  be  lowered.  During  the  convulsions, 
chloroform  and  artificial  respiration.  Amyl  nitrite  is  rec- 
ommended. 

Clironic  Cocain-poisoning, —  The  effects  of  the  cncain  habit 
are    essentially  t!ie   same  as  those  of  opiumism,   but   may 
usxially  be  differentiated  by  the  fact  that  cocain  produces 
mania,  epileptiform  convulsions,  and  dilatation  of  the  pu- 
pils.    The  psychic  functions  sufTer  even  more  severely  than 
in   morphinism.     There  are  insonmia.   hallncinati^ins,   apa- 
t-by,    and    melancholia.     In    addition,    it    produces    marked 
digestive  disturbance,  hunger  alternating  with  thirst,  and 
constipation.     After  this,   marasmus,   debility,   emaciation. 
anemia,  edema,  and  ascites. 

On  withdrawal  it  presents  abstinence  symptoms  similar 
to  those  of  morphin,  l)ut  not  quite  sn  violent.  Cocain  w^as 
3t  One  lime  used  for  breaking  up  the  morphin  habit,  but  it 
should  not  be  thus  employed,  since  the  cocain-habit  is  the 
tnore  dangerous. 

The  abuse  of  cocain  is  unfortunately  greatly  on  tlie  increai^c.  espe- 
cially amongst  negroes  and  the  lower  classes.  The  habit  develops 
more  rapidly  than  morphinism,  and  is  more  difficnh  to  cure.  A 
tolerance  is  acquired,  and  it  is  said  that  as  much  as  3  Gms.  per  day 
arc  s-otnetimes  taken. 

V.  THERAPEUTICS. 

\'  CentTftl  Nervous  System. —  As  a  brain  stimulant,  against 
iaUgue,  and  as  a  general  tonic,  it  has  no  advantages  and 
n^^y  disadvantages  as  compared  with  otlier  substances, 
especially  caffein  and  strychnin. 

^'  lis  main  use  is  f(»r  the  production  of  local  anesthesia, 


220 


lOUP. 


CM.    X. 


especially  in  minor  operations.  The  cncain  alxjlishes  the 
sensation  of  pain  more  or  less  completely  in  about  five 
minutes,  the  anesthesia  lasting  for  about  half  an  hour. 
Solutiims  of  J  to  5'/f  are  applie<l  to  the  surface  of  mucous 
membranes,  or  injected  under  tlie  skin.  Stronger  solutions 
are  dangerous  and  offer  no  advantage.  Application  to  the 
surface  of  the  skm  is  useless,  since  the  drug  is  not  absorbed 
by  this  channel.  Mucous  surfaces,  on  the  other  hand»  ab- 
sorb it  readily.  The  local  action  ceases,  and  the  undesire<l 
systemic  action  appears,  as  the  alkaloid  is  absorbed  into 
the  circulation.  It  is  therefore  desirable  to  limit  the  local 
circulation,  e.  g.,  by  a  constricting  rubber  band.  The  vaso- 
constrictor action  »)f  the  Cftcain  itself  aids  in  lessening  its 
absorption ;  this  effect  may  be  heightened  by  the  addition 
of  the  suprarenal  alkaloid   (  i  mooch^  tn  i  :icxx)00). 

In  eye  and  larynx  operations  the  abolition  of  reflexes  and 
the  diminution  of  hemorrhage  are  very  useful  side-actions. 
In  connection  with  its  action  on  the  eye,  it  must  he  remem- 
bered that  it  does  not  anesthetize  the  iris  when  applied  to 
the  cornea. 

Cocain  is  also  very  useful  in  the  treatment  of  diseases 
which  api)ear  to  be  ilue  to  heightened  irritability  of  the 
peripheral  endings,  such  us  Iiay-fe^i'er  and  astJnua,  In  these 
the  C(^)cainization  of  the  nasal  mucous  membrane  is  often 
specific.  The  astringent  action  renders  it  very  effective  in 
acute-  coryza.  The  danger  of  the  formation  of  the  halwl 
very  often  interferes  with  its  use. 

One    per    cent,    cocain    ointmeni    ha'?    been    recommended    in    heit>* 
zoster:  it  is  said  to  not  only  relieve  the  pain,  but  !o  put  ii  slop  tf  il» 
disease. 

Cocain  is  also  u.seful  locally  in  hemorrhoids,  product r 
contraction   and  diminishing  pain.     It  has  l>een   taken 
the  stomach  to  prevent  vomiting  and  dyspeptic  pain. 

3,  For  the  use  of  cocain  in  larger  operations  a  number 
methods  have  been  pro]>osed. 

Tlie  inAltraiioH  method  of  Sirhicich  consists  in  the  injection  of  ^^ 
dilute  solutions   (Vt-  to  Vi%).  under  oinsidcrable  pressure,  into 
verj'  place  where  the  incision   is  to  be  made 

The  object  i<  to  produce  a   local  edema,  which  supports  the  scj 
of  the  cr>catn  by  cauMng  local   anemia  and  by  compressing  the  n' 
filaments.     The  injections  can  be  made  with  an  antitoxin  syringe 
a   long  needle,   l>y  nicann   nf   which   the  sohition   is  first   injected 
(not  imder)   the  epidermic,  ^n  a*  to  raise  a  bU^ter.     The  needle 
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left  in  place  and  gradually  pushed  deeper,  ihe  entire  field  of  operation 
U  saturated  with  the  bolulion,  30  to  500  c.c.  being  used.  The  solu- 
tions  contain: 

I,  iL  m. 

Cocain    (or  ctKain.  etc ) 0.2  0.1  0,01 

Mon^tin .0.025  0025  oooS 

XaCI      0.2  O.J  0.2 

5%    Carbolic  acid 5  drops  per  same  same 

too  c.c. 

Aqua     destillata  ad 100  too  100 

The    tnorphin  may  be  omitted. 

II.    is  the  most  g:enerally  useful;   III.  i*  employed  where  much  soUi- 
lion  is    required;  and   I    in  the  presence  of  acute  inflammation. 

In    the  paraneural   method  the   sohition,   of  a   strength  of    V2  to  2%. 
is   injected  in  the   neighborhood  of   the   nerve   trunk.     The   results  are 
uncertain,  and   inferior  to   those   of   the  t'ntratieural  method.     In   this, 
similar    solutions   arc   injected   directly    into   the   nerve   trunk.     If   the 
injection  is  made  quickly  and  directly   into  the  nerve   tissue,  the  pro- 
cedure   ii  quite   painful.     A   few    drops    should   first   be   injected    under 
the  nerve   sheath.      When   these   have   caused    a    local    anesthesia,    the 
reeOlc    should   be   pushed   deeper   and    more   of   the   solution   injected, 
until  tHe  anesthesia  is  complete.     In  this  way  the  pain  is  very  slight 

A  combitiation  of  all  the  above  methods  is  most  useful. 
TTic  skin  and  superficial  inuscles  are  anesthetized  hy  infiltra- 
tion. The  deeper  structures  are  exposed,  and  the  smaller 
nerves  are  treated  by  the  para-,  the  larger  by  the  intra- 
neural methods.'  The  complete  blocking  of  nerve  impulses 
otnaiiicd  in  this  way  prevents  surgical  shock.  No  method 
of  local  anesthesia  can.  however,  prevent  the  psychic  shock 
and  pain,  the  ner\*ous  dread  of  tlie  patient,  the  removal  of 
whicli  is  one  of  the  most  valuable  features  of  general  anes- 
thesia :  but  it  may  at  least  he  lessened  by  iiiorphin  (0.015 
Gm.  hyp<>dermically )  half  an  hour  before  the  operation. 
It  may  at  times  be  justifialile  to  operate  vvitiiout  the  knowl- 
^g^  <''f  the  patient,  which  is  quite  feasible  liy  the  use  of 
c»)cain. 


Tb«  subdural  method  is  carried  out  by  performing  lumbar  puncture, 
•*"5^'"'**'ing  a  little  cercbro-spinal  fluid,  and  injecting  V2  to  i  c.  c.  of 
a  2%  V)lution  of  cocain  for  eucain,  etc.).  The  method  was  tried 
qmtc  extensively,  and  is  certainly  efficient  in  prndncing  a  general 
'"^kI  without  loss  of  cons-ciousne.ss  or  motor  power.     A  consid- 

^raMc  number  of  accidents  have,  however,  led  10  its  abandonment. 
ThcH'  are  due  to  the  direct  conduction  of  the  cocain  to  the  floor  of 
the  fourth  ventricle,  where  it  leads  to  an  immediate  stoppage  of  respira- 
tion-  The  addition  of  adrenalin  is  said  to  lessen  this  danger. 

Br  the  careful   u«v   of   this   metliod.    a   turgeon    performed   a   painless  o[>er«> 
tiflx  *t  tbc  Bhoutder  joint  with  0.008  Cms.  of  Cocain. 
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Contra  Indications  to  Coeain —  These  consist  in  the  danger 
of  forming  the  habit;  in  the  occasional  acutely  fatal  action; 
and  in  unpleasant  sitle-efTects. 

The  toxic  action  is  especially  important,  since  very  small  doses  are 

dangerous  in  susceptible  individuals.  The  surgeon  should  remember 
that  he  is  dealing  with  a  very  active  poison,  and  should  employ  as 
small  a  quaniiiy  as  poisihlc.  The  limit  of  safely  (even  with  locat 
use)  may  be  placed  aboni  0.07  Gm.  (i  grain);  and  o.io  Gm-  (ij4 
grains)  should  ncicr  be  exceeded,  under  any  circumstances. 

The  unpleasant  side-effects  consist  in  palpitation,  nausea,  and  vomit- 
ing, headache,  and  insomnia. 

VI.  MATERIA   MEDICA. 

Coca  (U.S.  P.,  B.  P.).— The  leaves  of  Erythrosylon  Coca  (Hua- 
nuco  Coca)  or  of  B.  Truxillensc  (Truxillo  Coca),  Erythroxylaccx. 
Peru  and  Bolivia,  cultivated.  Coeain  and  similar  alkaloids,  at  least 
0.5%.   I'.  S.  P.     Tannin. 

FluidextractHm  Coca  (U.S.  P.)  [Ext.  C.  Liqn.,  fl-P.].— 0.5%  alka- 
loids.    Dose:  2  c.c.  ^jo  Til. 

ViAum  CoctF  (U.  S,  P.).— 65/^%,  with  red  wine.  Dose:  16  c  c.  = 
43. 

Cocaina  (U.S.  P.,  B.  P.).  CnHaNO..— Soluble  in  600  water.  5 
alcohol. 

CocainK  Hydrochloridum  (U.S.  P.,  B.  P.),  Coo.HCl  — Soluble  in 
0.4  water.  2.6  alcohol.  Solutions  cannot  be  sterilized  by  heal  and  de- 
teriorate on  keeping.  They  may  be  preserved  fairly  well  by  the  addi- 
tion of  antiseptics,  such  as:  salicylic  acid,  0.15%  (B.  P.);  or  phenol, 
0.015:%  nr  saturated  chlnretonc  solution.  Dosi*:  8  to  60  mg.  (Vi  to 
I  gr.)  {30  nig.^J.4  gr.,  U.S.  P.).  Hypodermicalfy  in  i  to  2%  soL; 
on  mucous  membranes,  I  to  10%;  intraspinal,   15  mg.  in  2%. 

Olealum  Cocaine   (U.  S.  P.).— 5%. 

Lamclisp  Cocaine    ( B.  P.). —  Each  '/»  gr.  of  hydrochlorid. 

Injectio  Cocainai  Hypodermica  (B.  P.). — 10%.  Dose:  0.I  to  0.3  CC 
(3  Co  5  minims). 

Unguent um  Cocainac   (B.  P.). —  4%. 

Trochisci  Kramerix  et  Cocainae  CB.  P.). —  Each  V*  grain. 

VII.  RELATION  TO  OTHER  GROUPS. 

The  coeain  group  is  very  widely  related:  toxicity  to  protoplasm  i« 
common  to  alt  poisons;  and  many  produce  stimulation  and  depression 
of  the  central  nervous  system,  and  local  anesthesia.  A  very  close  con- 
nection exists  between  coeain  and  atropin,  chemically  and  in  the  cen- 
tral and  peripheral  actions.  Cocoin  is  an  ether  of  ecgonin,  which 
differs  fmni  tropin,  the  base  of  alropin,  merely  by  the  substitution 
in  ecgonin  of  a  COOH  group,  for  an  H  of  tropin. 

VHI.  COCAIN  SUBSTITUTES. 
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The  local  anesthetic  action  of  coeain  leaves  little  to  be  desired,  but 
several  other  features  are  very  objectionable,  as  its  high  cost:  the 
iriMability  of  the  solutions,  particularly  on  healing,  and  the  consequent 
difficulty  of  sterilizing  ihem:  and  the  violent  collapse  action  which  it 
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cuany  dangeroiu   on   account   of  the   idiosyncrasies.    These  ob- 
jectionable features  have  led  to  the  search  for  substitutes.     Substances 
oducing  some  degree  of  local  anesthesia  are  by  no  means   rare  and 
ve  long  been  known.     For  instance,   some  of  the  other  alkaloids   of 
Wca,    yohimbin,    atropin    and    its    derivatives,    aconitin,    the    coal-tar 
products   generally,   possess   this  action   ic   some   degree ;   but   most   of 
ihcm    are    so    infenor    to    cocain  —  either    by    weaker    action,    or    by 
greater  irritation  or  other  undesired  side-effects  —  that  they  can  hardly 
V  classied  as  competitors.     Synthetic  chemistry  had  to  l)c  invoked,  and 
it  ha&  produced  fairly  satisfactory  compounds.    These  are  mostly  built 
on  the  general  chemical  tvpe  of  cocam. 

Thf  structure  of  cocam  is  quite  well  understood.  It  is  a  methyl- 
wmoyl-ester  of  ci-gonin.  Ecgonin  itself  produces  only  the  least  im- 
ponant  of  the  actions  of  cocain,  :/r  .  the  hepatic  degeneration.  The 
^(hrr  actions  arc  only  developed  by  the  entrance  of  both  radicles.  The 
Wrthyl  may  be  replaced  by  any  other  alkyl  radicle,  without  changing 
•l»t  actions  of  ctx:ain.  The  benzoyl  radicle,  however,  cannot  be  re- 
phctii  by  any  other  fatty  or  aromatic  radicle  without  great  impair- 
''>n(  of  the  local  anesthetic  action.  Indeed,  the  presence  of  the  benzoyl 
iT'inp  gjvc  the  anesthetic  properties  to  other  alkaloids,  and  may  he 
c-ofcidered  as  the  hook  by  which  the  molecule  attaches  itself  to  the 
Pniioplasm  of  the  sensory  cell.  It  is  present  in  most  of  the  cocain 
*o6jii(iite«.  The  required  conditions  for  the  development  of  a  local 
'thetic  action  seem  therefor  to  be :  a  base  with  a  structure  analo* 
to  ecgonin,  containing  a  benzoyl  and  an  alkyl  radicle  in  certain 
"^tiom. 


Comparative  Value  of  Cocain  and  Its  Substitutes It  niay 

^  well  to  premise  the  detailed  description  of  these  substi- 
tutes, by  some  general  statetnents  concerning  their  value: 

The  valuable  features   of  cocain  consist   in   its   strong, 

pTompt  and   comparatively   certain   action :   it   is   the   best 

sluilied  and  the  most  familiar  product  of  its  class ;  the  vaso- 

^*^strictiori   lessens   hemorrhage    (but   may   be  objection- 

*"^c  in  snaring  p<^>Iypi)  ;  the  dilation  of  the  pupil  may  he  a 

^venience  in  ophthalmic  operations;  it  produces  no  local 

"Station:  it  acts  through  intact  mucous  membranes.     Some 

C'{  these  features,  viz.,  vasoconstrictor  and  mydriatic  actions 

'"^y  be  given  to  the  substitutes  by  the  addition  of  supra- 

"^al  alkaloid  or  atropin. 

»^Hc  substitutes  improve  on  cocain  mainly  by  their  lesser 
*'>xicity  (except  holocain) ;  by  not  injuring  the  cornea 
'except  nirvanin  and  acoin)  ;  in  being  stable,  sterilizable 
^^  aiuiseptic.  Eucain  p  perhaps  combines  the  greatest 
"^iTil)erof  advantages,  but  has  not  given  results  in  any  way 
j^t>erior  to  freshly  ma<le  solutions  of  cocain  in  skillful 
^ndi.  Orthoform  holds  a  field  of  its  own.  when  a  pro- 
^?lfi\  action  on  large  denuded  surfaces  (wounds,  ulcers, 
^^■^  is  rcfiuired.  Freezing  recommends  itself  for  minor 
^Pwaiions  on  areas  to  which  cocain  or  its  soluble  substi- 
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tiites  are  not  readily  applied     Irritanls.  baths,  etc..  are  most 
useful  for  a  partial  anesthesia  of  large  and  deep  areas. 

DETAILED   DESCRIPTION  OF  THE  COCAIN  SUBSTITUTES. 

Tropacocain.— The  benzoylester  of  pseudo-tropin ;  occurs  naturally 
in  the  leaves  of  the  Javanese  coca.  It  differs  from  cocaiii  by  greater 
anesthetic  power,  lesser  toxicity,  and  greaicr  resistance  to  decom- 
position.    It  does  not  produce  mydriasis  or  vasoconstriction. 

Eucain  (Beta-Eucain ;  Bcnzuyl-Vinyl-Diaceton-Alkamin,  C»HaNOz. 
HCl).' — This  synthetic  product  has  essentially  the  same  actions  a* 
cocain.  The  peripheral  actions  arc  in  general  weaker  and  slower  than 
those  of  cocain,  so  that  it  must  be  used  in  twice  the  strength.  The 
pupils  are  not  dilated,  and  the  tissues  are  rendered  hypereniic  rather 
than  anemic  As  regards  the  central  actions,  the  stimulation  is  more 
conspicuous  than  with  cocain.  In  toxic  doses,  convulsions  form  a 
strikmg  feature,  whilst  the  heart  is  slowed  through  stimulation  of  the 
vagus  center,  and  the  blood  prresure  falls  greatly  by  a  direct  deprev 
sion  of  the  cardiac  muscle.  However,  eucain  is  only  a  third  or  fifth 
as  toxic  as  cocain,  and  fatal  poi.-^oning  is  almost  or  quite  unknown. 
The  solutions  do  not  deteriorate  on  healing  or  keeping.  The  hydic- 
chtorid  is  soluble  in  .u  parts  of  water;  the  lactate  in  4  parts.  The 
eucain  stilts  are  while  crystalline  powders. 

Alpha-Eucain  (.dJInNCCl)  causes  considerable  local  irritation 
and  pain,  so  that  its  use  has  been  abandoned. 

Orthoform  (methyl  ester  of  oxyamido  benzoic  acid,  C«H,.OH.NHi. 
COOCH,)  is  mainly  useful  when  a  prolonged  anesthetic  .nciion  on 
open  surfaces  f wounds,  ulcers,  etc.)  is  desired.  Its  value  depends 
on  its  very  limited  solubility,  and  consequent  slow  absorption.  Since 
it  is  rapidly  excreted,  it  is  practically  non-toxic. 

On  the  other  hand,  its  insohibility  precludes  its  use  in  h>-T»odennif 
injection.  When  it  is  artificially  brought  into  solution  and  injected, 
it  is  no  less  dangerous  than  cocain  and  has  no  advantage.  Like  co- 
cain, it  does  not  penetrate  the  intact  skin,  nor  even  mucous  mem- 
branes, so  that  its  usefulness  is  limited  to  open  surfaces.  Here  its 
action  may  be  prolonged  for  days.  It  lias,  however,  in  some  cases 
caused  a  necrosis.  Another  use  has  been  to  mix  it  willj  caustics  lo 
deaden  the  pain  of  the  latter.  It  has  also  been  employed  internally 
in  ulcers  or  carcinoma  of  the  stomach. 

It  is  applied  locally  as  a  dusting  powder,  or  in  10  to  J0%_ ointment 
It  is  incompatible  with  many  substances,  c.  g..  silver  or  bismuth  com- 
pounds, but  may  be  prescribed  with  mercury,  copper,  and  carbolic  acid. 
It  forms  a  white,  odorless,  and  tasteless  powder,  almost  insoluble  in 
water,  sohihle  in  alcohol  or  ether. 

Orthoform  hydrochlorld  is  soluble,  but  produces  so  ranch  irritation 
that  it  cannot  be  used. 

Anesthcsin  (Para  amido  benzoic  acid  ethyl  ester)  resembles  ortho- 
form  and  has  been  recommended  as  a  substitute,  being  stronger  and 
less  irritant.  There  is.  however,  greater  danger  of  systemic  poisoning 
Its  hydrochlofid  is  .soluble,  and  has  been  used  for  infiltration  anesthe- 
sia (0.25%). 

Stovain  (Hydrochlorid  of  amylene  «  ^. —  Hydrochlorid  of  «  di- 
methylamin  /3  benzoyl  pentonal)  :  same  anesthetic  power  as  cocain.  with 
lesser   toxicity:    not    destroyed    by   heating   solutions   to    115"    C.    Di- 

*  EHpUthatmin  is  another  derivative  of  tliit  base.     It  pomcmcs  mjrdnUtc,  but 
PD  anotnetic  propcnics;  _»ee   Index. 
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latcs  blood  vessels :  does  not  change  the  pupil ;  somewhat  irritant : 
vciy  soluble  in  water.  Dose,  locally  as  for  cocain ;  internally,  2  mg.  = 
V»  Br- 

Nirvanin  (the  hydroehlorid  of  the  methyl-ester  of  diethyl  glycocoU- 
p.  amido-o.  oxybenzoic  acid ;  <C»iIo))=  N  —  CHi —  CO  —  NH  — 
CJJ,(OH)CO,CH,.HC1.). 

T>»is  can  be  ■sterilized  and  is  itself  antiseptic.  Its  toxicity  is  about 
a  tenth  of  cocain.  Applied  directly  to  the  heart  it  is  somewhat  paralyz- 
ing, like  most  coal-tar  derivatives.  It  is  much  weaker  than  cocain. 
and  cannot  penetrate  ihr^nigh  intact  mticons  membranes.  It  is  irritant 
to  the  conjunctiva  and  therefore  objectionable  in  eye-practice.  Its 
main  use  is  in  dentistry  as  2  to  s^  solution.  It  forms  white  crystals 
of  a  peculiar  bitter,  somewhat  sharp  taste;  very  soluble  in  water  or 
alcohol. 

Holocain  (C.H.OGH.NH.C(CH«)  =  N  — CH..OC:Hn.HCl).  a 
phcnacctin  derivative,  obtained  by  the  reaction  of  phenacctin  and  para- 
pbenetidin.  with  elimination  of  water.  It  has  been  recommended  for 
ophthalmologic  practice,  since  it  is  at  least  as  powerful  as  cocain  and 
docs  not  injure  the  cornea.  It  is  strongly  antiseptic  and  keeps  welt, 
but  i*  more  toxic  than  cocain.  It  is  used  in  V2  to  1%  solution;  the 
anesthesia  appears  in  less  than  half  a  minntc  and  lasts  from  five  to 
ten  minuie>  if  the  application  is  repeated.  It  has  no  action  on  the 
pupil  or  blLMLHl  vo^sels.  It  dissolves  in  50  parts  of  water.  It  is  incom- 
patible wit!)  alkaloids  and  alkaloidal  precipitanls. 

Acoin,  a  gtMnidin  derivative,  is  objectionable  on  account  of  irritant 
laalities.     Used  as  f<i  to  i%  solution. 

Subcutin,  a  s^>luble  coal-tar  derivative,  used  so  far  especially  in 
Schlcich'f  mBllration  method. 

Cliloretone  (Anesone.  Chloroform-Acetone)  has  a  slight  anesthetic 
action,  and  is  at  the  same  time  antiseptic.  It  is  employed  in  2% 
aotution 

Yohlmbin  (CbH,K.0..HC1).— An  alkaloid  isolated  by  Spiegel 
(|fti6)  fruni  the  bark  of  the  Yohimbehe  tree  (family  of  Apocyiiacea?), 
grijuinu  in  German  West  Africa.  The  local  application  (i  to  2%  solu- 
tion) produces  the  same  anesthetic  effect  as  cocain,  and  is  less  toxic. 
Th<r  tflect  begins  in  10  to  15  minutes  and  lasts  '.^  to  \Va  hours.  The 
r<r»»fb  are  rather  dilated,  even  when  adrenalin  is  added.  In  the  eye, 
the  3nMthe*ia  occurs  more  promptly  (j.-j  to  i  minute,  lasting  10  to 
1=  I.     It    should   not   be   used   in    this   organ   since    it  causes 

<■  irritation,  lasting  4  to  6  hours.     The   pupils  are   dilated, 

finj'.is    lasting    some    24   hours.     Accommodation    is   but   little 

'"  '»  is  given  by  the  mouth  or  hypodermically  in  moderate  doses, 
-  a  general  raso-dt'tation  in  the  skin,  mucous  membranes. 
"  '  M  '  -liarly  in  the  sexual  organs.  In  conwquencc  of  the  latter, 
wwl  perhaps  by  a  direct  action  of  the  spinal  centers,  it  produces  crec- 
'**^  h  does  not  seem  to  stimulate  the  pro<luction  of  spermatozoa  or 
«»»*l  deiifc. 

'"  ton^equetire  of  this  action  on  animals,  the  alkaloid  has  been  used 

**"^   ''  'c  in  neuropathic  impotence;  apparently  with  fair  suc- 

ris    must    tK"    accepted    with    caution,    considering   the 

schio   suggestion.     The   effect    in    animals   occurs   im- 

in    man    only   after    some    four    to    six    weeks.    This 

^^  ..:  t   to   explain   the   clinical   observations   by  the   animal 

^^f  continued  administration  of  the  alkaloid  is  said  to  lead  to  no 
■ii!i  '■  however,  the  resemblance  of  its  actions  to  those  of  cocain 
•"W  iug|[cst   llul   it   may   perhaps   create   a   habit.    Ordinary   doses 
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produce  a  psychic  excitement  similar  to  that  of  cocain  (this  has  been 
referred  to  dilation  of  the  cerebral  vessels).  There  is  also  somr  dis- 
tention of  the  cerebral  vessels  and  vertigo.  Gastric  disturbance  has 
been  noticed.  The  effects  of  larger  doses  also  agree  with  those  of 
cocain  (sec  page  219).  Toxic  doses  cause  general  stimulation  and 
subsequent  paralysis  of  the  nervous  centers,  particularly  in  the  medulla. 
Death   occurs  by  respiratory   paralysis. 

The  free  alkaloid  and  the  solutions  of  the  hydrochlorid  being  unsta* 
ble,  the  dry  salt  is  markcicd  in  the  form  of  tablets,  containing  5  mg. 
C/ii  grain) ;  tliree  tablets  per  day  are  the  ordinary  dose, 

IX.  OTHER  MEASURES   PRODUCING   LOCAL  ANESTHESIA. 

Atropin  somewhat  resembles  cocain  in  its  action,  but  is  not  nearly 
so  strong.  On  the  other  hand,  it  is  more  readily  absorbed  from  the 
intact  skin,  and  can  be  employed  in  liniments  and  plasters. 

Aconite  causes  lirst  irritation  and  then  anesthesia  of  the  sensory 
nerves  without    inflammation. 

Local  anesthetic  action  is  possessed  by  quite  a  number  of  the  aro- 
matic series.  One  of  the  most  important  is  carbolic  acid.  This  pro- 
duces a  marked  anesthesia  even  in  quite  dilute  solutions.  Its  applica- 
lion  is,  however,  often  injurious,  since  it  produces  destruction  of  the 
skin,  and  it  may  be  absorbed  in  sufficient  quantity  to  cause  toxic 
symptoms.  It  is  sometimes  used  in  f*araccnfesis,  by  applying  a  drop 
of  the  concentrated  liquefied  phenol  tn  the  skin,  for  the  double  purpose 
of  anesthetizing  and  disinfertinR.  All  the  bodies  of  this  series  show 
both  actions.  Acetanilid  nr  aniipyrin  may  both  be  used  in  wounds  in 
Ihe  form  of  dusting-powder,  but  are  weaker. 

Mechanical  .\feans. —  {a)  Protracted  tepid  baths.  These  are  useful 
especially  in  inflammation  and  skin  diseases. 

ib)  Cold  baths  or  freezing  produce,  in  addition,  local  anemia.  The 
anesthesia  in  freezing  is  complete,  but  it  has  several  disadvantages. 
It  is  preceded  by  severe  pnin.  and  is  often  followed  by  vesication 
and  gangrene  of  the  skin.  The  freezing  may  be  done  in  emergency 
by  the  application  of  ice  and  salt  mixture,  but  more  conveniently  by 
spraying  the  surface  with  an  easily  volatilizablc  substance  such  as 
ether,  or  especially  ethyl  chlorid. 

Counterirritants  all  produce  a  depression  of  the  nerves  after  their 
stimulation.  Here  belong  menthol,  camphor,  turpentine,  essential  oils» 
chloroform,  alcohol,  etc.     (See   Chapter   XXIX,  E.) 

X.  DRUGS  PARALYZING  TASTE  ORGANS. 

Allied  in  this  respect  to  cocain,  there  are  a  number  of  substances 
whose  action  is,  however,  confined  to  taste.     (See  p.   103.) 

GynxHemic  Acid  (from  Gymnema  sylvestris) . —  Destroys  bitter  and 
sweet:  not  acid  or  salt. 

Eriodictyon  ( U.  S.  P. ) .— Kfr^a  Santa.  The  leaves  of  E.  glutimo- 
sum,  Hydrophyllaceje.  California.  Destroys  bitter  taste;  not  sweet* 
salt,  or  acid. 

Volatile  oil,  resin,  glucosid,  criodictic  acid,  tannin. 
preparations: 

Fluidextractum  Eriodictyon  (U.  S.  P,).— Alcohol  four-fifths.  Makes 
turbid  mixture  with  water.     Dose:  0.6  to  2  c.  c.   (to  to  j(0  minims.). 

*  Elixir  Eriodictyon  Aromaticum.  N.  F.—  Elixir  Corrigens.  6%. 
Dose:  ad   libitum. 
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CHAPTER  XT. 
ATROPIN  GROUP. 

This  starts  in  a  number  of  groups  whose  action  is  mainly  peripheral, 
exerted  upon  ganglia  and  endings  of  glands,  and  cardiac  and  unstriped 
muscle.     They  also  act  on  the  central  nervous  system. 


I.  MEMBERS. 

The  atropin  gronp  comprises  a  number  of  alkaloids  of  very  simitar 
composition.     These  alkaloid**   occur   in   a   variety   of  plants  belonging 
to  the  family  Solanaccsc  (which  also  incHudcs  tobacco,  capsicum,  potato, 
etc.  > .     The    alkaloids    formerly    received    specific    namc?5    according    to 
the  plants   from   which   they   were   obtained.     It   is   now  acknowledged 
thai  the  group  comprises  a  number  of  alkaloids,  but  that  each  of  these 
occurs   in  all   the   plants,   although   in  variable   proportions.     They   are 
ester-like   combinations  of  one  of  two   bases,   irof^m   and    oscin    (sco- 
polin).   with  aromatic  acids,   especially   tropeic   acid,   which  are  substi- 
tuted for  an  II  of  the  OH  contained  in  the  molecule  of  the  base.     This 
su\istit«tion  brings  out  the  characteristic  action,  the  tropin  itself  being 
almost  inactive.     The  derivatives  of  tropin  are  called   tropeins;  those 
of  oscin.  osceins.     The  alkaloids  may  be  classified  as  follows: 

Atrof^in  and  fiyoscyaniin  (CitHs.NO»)  arc  isomeric,  atropin  being 
optically  inactive,  whilst  hyoscyamin  turns  the  plane  of  polarized  lipht 
tn  left  They  arc  tropeic  acid-tropins.  (It  is  probable  that  atropin 
w  a  mixture  of  1    and  d.  Hyoscyamin.) 

J^troscin  and  Scopolantin  (CuHnNO.)  are  isomeric  tropeic  acid 
'^nj.  Atroscin  corresponds  to  atropin.  bcin><  optically  inactive: 
^*}\\m  scopotamin  corresponds  to  byoscyamin,  bring  lcvog)*rous.  A 
'Bixture  of  these  two  alkaloids  forms  the  commercial  hyosciv. 

"  H-iil  he  noticed  that  Atroscin  corresponds  !o  Atropin.  Scopolamin 
J*  "yoscyamin.  Atropin  and  Atroscin  are  the  more  stable  products: 
^wies  and  many  other  ngents  convert  hyo5cyamin  into  atropin. 
^PoJamin  into  atroscin. 

"'"Oodonnin  and  .'Urofamin  are  isomeric  alkaloids   (belladonnic  acid 

m  L^'""^'     ''^'*^^*'    formula    differs    from    atroptn    by    the    absence    of   a 

J  T*:*^lc  of  HvO.     They  are  present  in  the  plants  in  very  small  amount, 

5*1   *t    is   possible   that    they   arc   only    formed    during    the    extraction. 

jj^^^^l  other  tropeins  nave  been  prepared  synthetically:     Homatropin 

p.  '^Xytoluic     acid- tropin :      BfHzoyltrof*ein      is      benzoic     acid-tropin. 

''""^I'm/tiM.   an    unisolated    ptomam    of    spoiled    meat,    simulates   the 

|1?J^    of  atropin.  but  its  composition  is  not  known. 

^^vation. —  Alkaloids  of  this   group  are  contained   in   the   foUow- 

'"^    Plant*:      Atropa    Belladonna;    Datura    Stramonium;    Hyoscyamus 

^.^  %    Dul>oisia   myoporoidcs;    Mandragora  autumnalis;    Scopnla    atro- 

VDides;  and  in  other  species  of  these  plants.     The  I^elladonna.  Scopola. 

'^^^Ttonium  and  Hyoscyamus  (henbane)  are  ofHcial. 

^^*fad»nna  and  Sfrattioniuni  contain  mainly  atropin  and  hyoicyamin: 
<^   or  the  other  alkaloid   may   predominate.     The   byoscyamin   is   the 
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most  widely  distribiTtcd  of  these  alkaloids,  aod  is  especially  abundant 
in  young  parts  of  ilic  plants,  whereas  older  parts  contain  more  airopin. 
It  appears  therefore  that  the  hyoscyamiii  is  the  original  alkaloid,  and 
that  it  is  partly  transformed  into  atropin  in  the  plant  itself,  and  also 
during   extraction.    These   plants   also  contain   small   traces   of   scopo- 


lamin  and  atroscin,  hut  the   latter  alkaloids  are  relatively  more  abun-  A 
actions  of  these  plants. 


dant    in   Hyosi'yamus  and   Scopola,   taking   the    principal    part   in   the 


The  first  induhiiahlc  notice  of  belladonna  occurs  in  1504,  but  it  then 
came  quickly  into  use  for  poisoning  and  cosmetic  purposes.  The  name 
Atrop<5s.  which  Linnc  gave  to  the  plant,  is  from  the  oldest  of  the  Three 
Fates,  who  cuts  the  thread  of  life.  Belladonna  comes  from  the  Italian, 
"'handsome  woman,"  as  it  was  used  to  give  luster  to  the  eyes. 

II.  SUMMARY  OF  ACTIONS. 


I 


These  differ  only  quantitatively  in  the  different  members 
of  the  group. 

1.  Excitation  and  then  paralysis  of  certain  parts  of  the 
central  nervous  system,  particularly  the  cerebral  and  medul- 
lary centers.  j 

2.  Primary  paralysis  of  certain  peripheral  nerve  endings.  ■ 
The   peripheral    organs  paralyzed   are  the  nervons   mech- 
anisnis  of  secretion,  pupil  and  accommndation,  and  of  ur- 
striped  nniscle.  especially  intestinal  and  cardiac.     In  these 
resi>ects  it  is  the  exact  antagonist  of  mnscarin. 

3.  Slight  stimulation  and  subsequent  paralysis  of  smooth 
and  cardiac  muscle  and  other  cells. 

4.  On  kxral  application  it  paralyzes  also  the  sensory  nerve 
endings. 

The  following  description  applies  to  atropin.  The  other 
members  of  the  group  will  be  discussed  later. 


in.  DETAILS  OF  ACTIONS. 

1.  Central  Nervous  System. — (A)  Hemispheres, —  These 
show  exaltation,  with  a  subsefjuent  depression,  especially 
of  the  psychic  centers :  Restlessness,  vertigo,  choreowl 
movements,  incoherent  and  constant  speaking,  uncontrolb- 
hlc  laughter,  delirium,  usually  cheerful,  hallucinations,  usu- 
ally unpleasant,  and  finally  mania. 

These  symptoms  somewhat  resemble  those  of  the  excitement  stage  o' 
alcohol,  btit  from  the  general  action  of  the  poison,  ihey  are  i^icfcjM? 
stimulant,  whereas  the  actions  of  alcohol   arc   depressant. 

In  the  secondary  paralytic  stage,  drowsiness,  coma,  awl  I 
finally  c«^nvulsions  occur,  the  latter  largely  from  asphyxia. | 
but  appearing  even  if  artilicial  respiration  is  maintained. 
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other  cerebral  centers  are  also  affected: 

The  vuioH  is  disturbed  more  than  can  be  explained  by  loss  of  accom- 
oiodation. 

The  motor  arras  in  dogs  arc  stated  by  some  observers  to  be  more 
excitable,   but   others  deny   this. 

The  action  of  atropin  on  llie  respiration  ^-aries  with  the  dose.  Mod- 
erate dose«  general)}'  cause  an  increase  of  rei^piration.  This  effect 
(Fig-  55  C)  occurs  when  the  vagi  have  been  cut;  the  drug  must  there- 
fore stimulate  the  respiratory  center  directly.  The  increasi.'  of  respira- 
tion is  greater,  however,  if  the  vagi  are  intact.  This  shows  that 
atropin  paralyzes  also  the  afferent  endings  of  the  vagi,  which  ordinarily 
slow  the  respiration  by  tonic  impulses.  Other  effects  of  the  atropin  — 
the  psychic  actions,  etc. —  may  also  react  on  the  respiration.  Larger 
d<ysrs  depress  the  respiratory  center,  producing  a  slowing,  Cheyne- 
Stokes  type  (Fig-  52).  and  finally  cessation.  The  stoppage  of  respira- 
tion IS  the  usual  cause  of  death,  but  comes  on  very  late  in  the  poison- 
ing. H  artificial  respiration  is  maintained,  the  animal  may  recover 
from  six  times  the  ordinary  fatal  do>e.  The  effects  on  the  circulation 
wiD  be  described  later. 

^H(B)  The  effects  on  medulla  and  spinal  cord  arc  similar 
Hti  kind  to  those  of  strychnin,  but  are  weaker  and  come  on 
mijch  later  in  the  course  (if  the  poisoning.     They  are  ihere- 
I  fore  of  C()nij>aratively  little  importance. 

2-  Peripheral  Actions. —  (A)  QIandsJ — Amongst  the  first 
sj'niptoins   i>f  atropin-poisoning   i.s   dryness   of   the   mouth, 
hoarseness,  tliirst,  difficult  articulation,  and  dysphagia.     All 
I  these  s}'mptoms  arise  from  the  suppression  of  the  secretions 
I  of  the  mouth-     Atropin  diminishes  not  only  the  saliva,  but 
also  mucus,  sweat,  and  gastric  juice    (both  <|uantity  and 
acidity).     It  is  dnubtftd  whether  it  has  any  effect  on  ordi- 
nary pancreatic  secretion,  on  milk,  or  on  urine  (  MacCallum. 
'  1905),  or  on  bile.     It  arrests  the  increase  of  pancreatic 
'  MTCretion  when  produced  by  physostigmin.   or  pilocarpine 
etc..  Init  not  produced  by  secretin  or  acids.* 
^^Fhe  mcclianism  of  this  action  can  be  best  studietl  on  the 
^^mfwxiiiary  glofui.     One  can  at  once  exchule  any  central 
^Kalysis.  for  electric  stimtdation  of  the  chorda  tympani  has 
no   effect.     The  paralyzing  action  is  therefore  peripheral, 
land  could  l>e  on  the  ganglia,  endings,  or  salivary  cells.     The 
former  are  excluded  by  the  fact  that   stimulation  of  the 
nerves  f>eriphcral  to  the  ganglia  is  also  ineffectual.     Fur- 
;  nicotin  (which  stimulates  ganglia)  does  not  act  after 


itimulants    whicit    are    antaftonizrd    by    atroiiin    yJrUI    active 
■    whKh   are  not  affected   by   atropin    ret)ulre    the  aJditioa  of 
..  w;cy.  1905. 
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atropiii.  We  can  eliminate  paralysis  of  the  gland-cells.* 
for  stimulation  of  the  sympathetic  is  still  effectual.  By 
exclusion,  it  results  that  the  action  must  be  on  the  nerve 
endings. 

The  chorda,  besides  secretory,  al.so  contains  vasodilator  fibers.  The 
latter  are  not  paralyzed,  and  stimulation  causes  an  increased  venous 
outflow  from  the  glands.  The  atropin  paralysis  is  therefore  highly 
selecti%*e.     This  holds  true  of  its  action  in  other  situations. 

There  is  every  reason  to  assume  that  the  diminution  of  other  secre- 
tions by  atropin  depends  on  the  same  mechanism,  viz.,  paralysis  of 
the  nerve-endings.  Uanglion  cells  and  nerve  fibers  are  scarcely  affected, 
even  by  direct  application. 


I 


v/'"^'^^ 


Fi(r.    55. —  Atropin :     action   begins   at    X.     A.    Carotid    pressure,   dos.    Sho* 
proitreftsive      quickening      with      smaller      licats.     B.      Cardtomyosrain.      aofl.     ^ 
v&KLU    K^"B't3    were     paralyzed    hy     nicotin     (o>.     The    atropin     cause*    strrnRtt 
ing  (if   ihc   beats.     C.    Respiration   after  atropin.   intact   rabbit. 

Atropin  produces  entire  suppression  of  the  secretion  of  those  glai 
(salivary  and  sweat),  which  normally  act  only  in  response  to  nervoi 
excitation.  With  those  glands  which  secrete  independently  of  nervoi 
impulses,  the  action  of  atropin  is  much  less  marked,  and  may  be  di 
covcrable  only  when  the  glands  arc  artificially  stimulated.  The  alk 
loid  docs  not  suppress  f*arat^'tic  secretion:  nor  any  other  secretii 
resulting  frotn  direct  stimulaifon  of  gland  cells. 

*  Thi«     the     theory     generally     held.      Recent     experiments     go     to     •hnw 
■tropin    acts   also    un    the    cells,    paralyxinfi    the    functions    excited   hy   the    chut 
bnt  not  those  under  the  control   of   the  sympalfaetic. 
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The  suppression  of  sweat  causes  a  rise  of  temperature  with  mod- 
erate doses,  notwithstanding  the  cutaneous  vasodilatation.  Animals 
which  do  not  possess  sweat  glands  (dog)  do  not  show  this  rise. 
luir^er  doses  produce  a  fall  of  temperature  from  a  IcsscuLd  heat  pro- 
duction, the  result  of  the  general  depression.  The  final  convulsions 
may  again  cause  a  rise. 

The  nervous  influences  winch  cause  the  formation  of 
sugar  from  glycogen  in  the  liver  are  also  cut  off. 

(  B)  In  the  eye*  atro|)in  causes  dilatation  of  the  pupil 
and  loss  of  reaction  to  Itglit;  loss  of  the  |M>\ver  of  accom- 
modation; and  rise  of  intraocular  pressure. 

(fl)  To  explain  (his  action,  it  will  be  well  to  recapitulate  the  an- 
atomic basis  of  the  pupillary  mechanism    (Fig.  56)  : 


_^  ■?  S*- —  Innerration  of  iri«  (adaptcil  from  P.  Schultz):  Solid  line  ss 
|V^r>^  vTictic  '  tlilalor) ;  fine  dotted  line  «  oculomutur  (con8tri<:tor) ;  coarse  dotted 
^*~=    trigeminal. 


'■  Tlie  iris  contains  two  sets  of  smooth  muscle-fibers,  the  sphincters 
*"«*      ^dilators. 

^'  Tli€  former  (sphincters)  are  innervated  by  fibers  contained  in  the 
ocmM  €r»  motor.  These  terminate  around  the  cells  of  the  ciliary  ganglia. 
Fro- 


here  the  fibers  pass  as  the  short  ciliary  nerve. 
3:  The  ner\*e-fibers  for  the  dilators  run  in  the  cervical  sympathetic 
*"?  terminate  in  the  superior  cervical  ganglion.  The  filers  which 
*"*"^  from  here  go  direct  to  the  dilator  muscle  without  passing  through 
•jy  Qthcr  cells.  They  run  to  the  Gasserian  ganglion,  where  they  join 
tne  Jifii  branch  of  the  trigeminal,  and  go  from  here  as  the  long  ciliary 
^^,^e  muscle. 

■He  -iupcrior  cervical  ganglion  also  gives  off  fibers  which  go  to  the 
irtcrnal  carotid,  and,  therefore,  influence  the  blood  supply  of  the 
cyc>»al|. 

*  Eacrdae  54. 
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The  pupils  may.  therefore,  be  affected  through  the  fol- 
lowing mechanisms : 


(A)   Dilator  Mechanism. 

1.  Sympathetic  center. 

2.  Sympathetic    and    long    ciliary 

nerve. 

3.  Superior  cervical  ganglion. 

4.  Post-ganglionic  fiber*. 

3.  Endings   in    radial   muscle. 
6.  Fibers  of  radial  muscle. 


(B)    Constrictor   Mechanism. 

7.  Oculomotor  center. 

8.  Oculomotor    and    short   ciliary 

ner\'cs. 

9.  Ciliary  ganglion. 

10.  Post -ganglionic  fibers. 

11.  Endings   in   sphincter   muscle. 

12.  Fibers  of  sphincter  mu>clc. 


Stimulation  of  "A"  causes  dilatation;  paralysis,  constriction  through 
the  unopposed  action  of  constrictor  mechanism. 

Stimulation  of  "B"  causes  constriction;  paralysis,  dilatation  through 
the   unopposed   action  of  the  dilator   mechani>m. 

(b)  In  the  case  of  atropm  it  may  be  shown: 

1.  That  the  action  is  local,  for: 

(a)  It  remains  confined  to  the  eye.  and  even  to  that  side 
of  the  eye  to  which  it  is  applied. 

( 6)  It  can  be  produced  on  the  excised  eye  of  a  frog  and 
even  on  the  isolated  iris. 

2.  Of  local  mechanisms,  we  can  at  once  exclude  direct 
paralysis  of  the  tnttsele-iibers,  for  these  can  be  shown  to  be 
active  by  direct  electric  stimulation. 

3.  Tliere  remains  only  stimulation  of  the  endings  of  the 
sympathetic,  or  paralysis  of  those  of  the  motor  oculi. 

If  the  oculomotor  nerve  is  stimulated  after  atropin,  the 
pupil  does  not  contract,  as  it  would  in  normal  animals. 
Stimulation  of  the  ciliaris  brevis  ((.  e.,  peripheral  to  the 
ganglion  cells)  is  also  ineffective.  The  atropiu  mydriasis 
is  therefore  produced  by  paralysis  of  the  oculomotor  nui- 
ings. 

This  does   not  exclude   a  simultaneous   stimulation  of  the  sympa- 
ihctU:  but  there  arc  absolutely  no  facts  in  support  of  the  latter  theory. 
It  is  true  that  section  of  the  sympathetic  causes  some  constriction,  even 
after  atropin.     This   is   due   merejy  to  the  cutting  off  of  the   norma/ 
dilator   impulses.     It    has   also   been   argued   that   the   atropin   dilation 
cannot  be  n   passive  process,   for  it  i«   of  sufficient   force  to  tear  firm 
adhciion*;  of  the  iris.     Whilst  this  is  perfectly  true,  it  does  not  pr 
stimulation  of  the  sympathetic  by  atropin,   for  it   is   believed   that  i 
normal  sympathetic  impulses  are  sufficient  to  produce  this  result.  wIki**' 
they  are  not  opposed  by  the  oculomotor  tone.     The  fact  that   atropine 
does  not  stimtilate  any  other  peripheral  nerve  also  speaks  very  stronglj^ 
against  sympathetic  stimulation;   so  also   does  the    further  dilation  oK 
the  alropinized  pupil  by  electrical  stimulation  of  the  sympjathetic. 

In  birds,  the  iris  is  not  affected  by  atropin,  since  it  consists  of  stripe<f 
muscle. 
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The  statement  that  the  muscular  fibers  arc  not  affected  by  airopin 
m«J5t  be  hmilcd  to  moderate  doses.  In  greater  concentration  (accord- 
ing? to  most  observers)  it  at  first  stimulates  ihcm.  prodncing  a  icra- 
porarj-  narrowing  of  the  pupil:  later  it  paralyzes  ihem. 

XJircct  application  of  very  strong  solutions  to  the  ciliary  ganglion 
also  depresses  this  stmcture. 

The  loss  in  power  of  accommodation  is  also  the  effect  of 

tHe  oculomotor  paralysis.     Increase  of  intraocular  tnision 

ustially  accompanies  oculomotor  paralysis.     The  mechanism 

of   this,  is  still  disputed.     The  inost  likely  theory  is  that  the 

inuscular  contractions  occlude  the  efferent  lymph-channels. 

^11  these  actions  on  the  eye  are  produced  on  systemic 

as    well   as  on   local   application.     The   mechanism   is  the 

same   in   both  cases.     On   local   application,   atropin  takes 

about  one-half  hour  to  fully  dilate  the  pupil,  and  still  longer 

tp  paralyze  the  accommodation ;  its  action  persists  for  some 

time,    often  several    days.     Even   <iiluti<>ns   of    i   :  100.000 

^^ve  some  action,  but  the  maximum  is  only  reached  with 

I    :   100. 

With  homatropin  the  effects  appear  and  diAa])pear  much 
m<^re  quickly;  it  is  therefore  better  adapted  for  purposes 
of  diagnosis,  whereas  atropin  finds  its  proper  use  when  it  is 
^'Jshcd  to  keep  the  pupil  dilated  for  some  time  (iritis). 

(  C)  The  innervation  of  smooth  muscle  in  other  situa- 
tions is  paralyzed  in  the  same  manner  as  that  of  the  sphinc- 
ter of  the  iris.' 

«-  Intestine, —  Very  small  doses  of  atropin  often  (but 
^*^t:  always)  increase  peristalsis  souiewhat.  Jacoby  has 
sno-w-n  this  action  to  be  peripheral,  probably  a  direct  stimu- 
'S^tion  of  the  muscle  fibers.  Ordinary  doses  arrest  normal 
r^J'i^talsis,^  as  also  the  increased  ])eristalsis  caused  bv  nerve- 
^liTTinlaiion,  such  as  the  peristaltic  reflexes,  muscarin,  pilo- 
^^rpin,  nicotin,  or  electric  vagus  stimidation. 

^•^Tne  investigators,  however,  claim  that  atropin  doe"!  not  lessen  the 
^^>.^taltie  effect*,  of  electric  vagus  or  splanchnic  stimulation. 
-^'»Ve  moderate  doses  of  atropin  do  not  act  directly  on  the  nnisclc- 
V'"^'"^.  direct  slimulalion  of  these  (electric,  physostigmin  or  "^nme 
^mtatii  cathartics)  is  still  effective.  Large  doses  also  paralyze  the 
''^^^le,  after  previous  stimulation. 

A    precisely   similar   action   occurs    on    that    part   of   the   eso/thagus 
^"ch  is  composed  of  unstriped  muscle, 

.  2-  On  the  smooth  muscle  of  the  stomach,  spleen,  bladder,  and  uterus, 
'*  ^cts  only  when  they  are  letanically  contmcted  (as  by  muscarin  or 
piiocarpin).     Physostigmin  is.  of  course,  still  active. 

^Con»ult,  however,  Excrciie  66. 
*  EuTcitr   67. 
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3.  An  exception  to  this  nervous  paralysis  of  unstriped 
muscle  seems  to  exist  in  the  case  of  blood-vessels,  at  least 
with  moderate  doses.  In  large  doses  it  paralyzes  these 
also,  as  can  be  shown  by  a  larger  outflow  from  isolated 
organs. 

(D)  Action  on  the  heart: '  Atropin  produces  a  paraly- 
sis of  the  vagus  endings  at  or  beyond  the  point  where 
they  are  stimulated  by  muscarin.  Stimulation  of  the 
vagus  trunk  or  of  the  sinus  therefor  causes  no  slowing; 
it  may,  in  the  frog,  produce  an  acceleration,  since  the 
accelerator  fibers  are  not  paralyzed  by  this  drug.  In  animals 
in  which  the  vagus  is  normally  active  (dog,  and  especially 
man)  its  paralysis  will  result  in  a  greatly  quickened  heart- 
beat ( in  man  tliere  is  a  difference  witli  age,  the  vagus  being 
most  active  in  middle  life,  less  in  old  age,  and  least  in  in- 
fancy). In  animals  in  which  the  vagus  is  not  constantly 
acting  (frog  and  rabbit)  atropin  will  not  change  the  rate. 
(Sodium  iodid  has  a  similar  action  on  the  vagus  endings,) 

It  must  not  be  forgotten  that  the  cardiac  centers  in  the 
medulla  are  also  stimulated  by  the  atropin.  This  is  prac- 
tically overshadowed  by  the  peripheral  action.  But  it  may 
result  in  a  primary  slowing. 

The  action  of  the  other  members  of  the  group  upon  the  heart  is  very 
similar,  bclladonnin  l>cing  the  weakest. 

Atropin  also  has  a  slight  direct  effect  on  the  cardiac  muscle,  which 
can  be  observed  in  the  isolated   heart    (Fig.   55   B^,  and   aUo  on  the 
nerve-free  heart  of   the  embryonal   chick.     Small   doses   stimulate  the 
muscle,  causing  an  increased  tonus,  greater  excursions,  and  some  slow 
ing.     An  exhausted   frog's   heart   may  be  made  to  beat  again.     Large- 
doses  diminish  the  tonus  and  may  slow  or  quicken  the  rate.     Finally 
the   heart  is  paralyzed,  but  only  after  the  vasomotor  center.     Indeed 
the  effects  on  the  heart  muscle  are  not  of  any  importance  in  the  sys 
temic  action  of  the  drug,  being  overshadowed  by  the  other  effects 

Stimulation  of  a  dog's  vagus  after  atropin  produces  a  moderate  fal 
of  blood-pressure,  due  to  inhibition  of  vasomotor  tone  from  cxcitatioi 
of  the  depressor  fibers  which  are  carried  in  Ujc  vagus. 


I 


I 


I 
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(E)  Vasomotor  Action. —  The  quickening  of  the  puls^^ 
is  the  principal  effect  of  moderate  doses  of  atropin  on  th^ff 
circulation  (Fig.  55  A).  The  blood-pressure  is  scarcely'^' 
altered,  but  there  may  be  a  slight  rise,  from  stimulation  o^r 
the  vasomotor  center.  (The  pressure  is  not  altcre<i  by^ 
atropin  if  the  spinal  cord  has  been  divided.)  This  stimu-^i 
lation  is  always  slight,  and  may  be  entirely  absent;  it 
replaced  by  vasomotor  depression  rather  early. 

*  Excrciic  50. 
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Large  doses  depress  the  vasomotor  ccnier  profoundly,  so  that  the 
prtssure  falls  very  low,  whilst  the  heart  is  still  beating.  Still  larger 
doses  paralyze  the  heart-muscle  as  well. 

Another  effect  on  the  circulation  c^msists  in  an  intense 
scarlet  Hushing  of  the  skin.  i>articular]y  of  the  face  and 
thorax,  occurring  as  extensive  erythematous  spots,  or  as  a 
continuous  scarlatinal  erythema.  This  effect  is  iTiitc!i 
greater  in  some  patients  than  in  others ;  it  may  occur  with 
therapeutic  doses.  It  is  due  to  dilatation  of  the  cutaneous 
vessels  ( vasodilator  stimulation ) ,  with  increased  general 
^Wood  pressure.  This  hypereniia  may  be  so  intense  as  to 
lead  to  desquamation. 

(E)   Of  other  peripheral  actions,  a  curare  effect  on  skeletal  muscle 
endings  in  frogs  (hut  not  in  mammals)  may  be  noted. 

Applied  directly  to  skeletal  muscle  it  causes  a  .'^timuIatio^,  expressed 
by  greater  excitability  and  nicreased  height  of  coiuractiun.  Larger 
tfos*s  have  tlic  opposite  effect.  A  similar  effect  has  been  noted  with 
cardiac  muscle  (^sec  page  234)  and  with  smonth  muscle;  in  the  latter 
moderate  doses  quicken  the  contraction  and  slow  the   relaxation. 

The  injection  of  large  doses  of  atropin  into  the  port;it  vein  lowers 
Ihe  coagulability  of  blond,  first  that  nl  the  hepatic  vein.  Thi«  effect 
canngt  be  produced  by  injection  into  the  jugular  vein,  nor  by  addition 
<^  atropin  to  shed  blood  (Doyon  and  Kareft.  1904),  and  is  due  to  an 
action  on  the  liver.     The  leucocytes  arc  not  changed. 

The  sensory  nerves  are  dulled  on  local  application,  after 
^"C  manner  of  cocain. 


IV.  TOXICOLOGY. 

(A)    Symptoms. —  Atropin   behig   absorbed   very    readily 

*^acl   even    from   the   intact   skin),   the  syntptouts   appear 

9^ickly,     The  first  to  be  noticed  are  those  arising^   from 

^^yness  of  the  mouth  and  throat:  difficulty  of  de^hititioii 

^"d   articulation,  great  thirst,  a  .sense  *>f  Imrning  atul  con- 

**i"iction  in  the  throat.     On  the  eyes,  tlie  dilatation  of  the 

/*';/*i/j.  impaired  vision,  and   absence  of  reaction   to  hght 

^y  be  noticed.     There  is  often  nausea  and  sometimes  vom- 

^'™R.     Excitement,   passing  mto  <leliriinn.   is  a  prominent 

[mature.     The  delirium   is   usually  pleasing,  with    spectral 

^^lusions.  but  may  become  furious.     The  onset  of  the  para- 

htic  symptoms  is  ushered  in  by  gifldiness.  numbness  of  the 

V^^hs.  and  staggering  gait,  and  passes  into  drowsiness  and 

^^^por.    The  pulse  is  quick  and  small     Scarlet  flushing  of 

thcface.    In  fatal  cases  death  is  preceded  by  coldtiess  of  the 
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extremities,  rapid  and  intermittent  pulse,  and  deep  coma. 
Convulsions  are  rare.  Glycosuria  is  sometimes  seen  and 
may  be  attributed  to  the  asphyxia. 

The  postmoricm  lindings  are  those  of  asphyxia. 

A  fatal  ending-  is.  liovvever,  quite  rare  I  12%).  Violent 
symptoms  may  last  for  days,  and  it  has  happened  ihat 
patients  have  been  consigned  to  the  insane  asylum  on  a 
mistaken  diagnosis.  The  smallest  recorded  lethal  dose  is 
120  mg.  of  atropin. 

A  psychic  "slowness."  disturbance  of  vision,  and  some  other  sjrmp- 
toins,  may  persist  for  weeks.  On  account  of  the  slow  coarse  and 
the  obscure  symptoms,  belladonna  was  a  favorite  with  professional 
poisoners  in  the  middle  ages,  and  this  abuse  in  regard  to  several 
species  of  Datura  has  existed  in  India  since  remote  ages.  The  name 
itself  is  Sanskrit   (Dhatoora). 


The  local  use  of  atropin  in  the  eye  may  give  rise  to  gen- 
eral symptoms,  especially  if  the  laclirymal  ducts  are  very 
patent.  Continued  administration  may  lead  to  conjunc- 
tivitis. J 

(B)  The  prognoaia,  when  properly  diagnosed,  is  favorable,  ■ 
since  there  is  ample  time  for  inter ferctice.  The  treatment 
resolves  itself  into  chemic  iieu(ralizatirtn,  prompt  removal. 
and  meeting  the  symptoms.  The  delirium  is  best  treated 
by  the  ice-cap,  the  general  symptoms  by  pilocarpin  (one- 
sixth  grain  hypodermically  until  mouth  is  moist).  Mor- 
phin  is  also  itKlicrite<l  in  the  early  stages,  hut  not  after  de- 
pression has  set  in.  The  latter  is  combated  by  the  usual 
medullary  stimulants  (see  p.  180).  Artificial  respiration 
should  l>e  kept  tip  persistently,  if  necessary. 

The  effects  on  the  eye  may  be  abolished  by  the  local  ap- 
plication of  physostigtnin. 

The  excretion  of  the  atropin  occurs  through  the  urine,  for  the  mort 
part  in  less  than  thirty-six  hours;  and  the  application  of  a  drop  of 
This  fluid  to  the  eye  of  a  cat  forms  the  most  handy  test  for  poisoning. 
The  excretion  is.  however,  far  from  complete ;  about  V^  being  de- 
stroyed in  the  dod.  None  is  excreted  as  tropin.  Hyoscin  is  also  ex- 
creted bv  the  urine. 

Atropm  resists  putrefaction  for  a  long  lime,  and  may  be  found  in 
the  cidaver  even  months  after  burial.  Confusion  with  ptomatn^pin 
must  be  Kuarded  against. 

Continued  use  of  small  doses  seems  to  establish  partial  Immunity 
to  its  action.  It  loses  its  effect  fir$t  upon  the  salivary  glands,  then 
on  the  heart  and  intestine,  and  lastly  on  the  eye. 

Children  bear  proportionally  larger  doses  than  adults;  and  the  s:ime 
is  true  of  young  animals.  Certain  clashes  of  animals  present  a  marked 
racial  itnmunity  to  the  atropin   group. 
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Rodents '  and  marsupiads  arc  very  tolerant,  as  also,  to  a  less  extent. 
the  goat,  dog,  birds,  and  some  other  animals.  The  immunity  is  in  no 
case  complete.  It  if  perhaps  greatest  in  the  case  of  rabbits.  Several 
generations  o{  thc!»c  animals  have  been  raised  on  a  diet  consisting 
exclusively  of  belladonna  and  stramonium  leaves.  The  meat  of  such 
animals  ha>  produced  toxic  symptoms  in  man,  so  that  the  cause  of  the 
toieran<f  docs  not  consist  in  increased  excretion.  Nor  do  such  animals 
contain  any  antitoxin,  for  their  scrum  docs  not  protect  less  immune 
anintals.  The  intracerebral  injection  of  leucocytes  of  immune  atropin- 
izcd  animals  has  been  stated  to  l>e  toxic  to  other  rabbits,  and  it  was 
conelutlcd  from  this  that  the  alropin  is  6xed  in  tlie  leucocytes.  But 
il  Ujs  been  shown  that  the  Icucix*ytes  of  an  unpoisoned  animal  produce 
identical  effects;  nor  could  any  storage  of  atropin  in  leucocytes  be 
demonstrated  chemically.  Ihc  racial  tolerance  01  atropin  is  therefore 
tmcxpUiued,  and  must  be  classed  as  a  hisiogcnetic  tolerance. 


k 


V.  OTHER  MEMBERS  OF  THE  ATROPIN  GROUP. 


There  are  strong  reasons  for  the  belief  that  ordinary  atropin  is  a 
emic  compound  of  1.  and  d.  hyoscyamin.  Cushny  (1903)  has  shown 
that  its  action  corresponds  to  the  sum  of  its  two  constituents.  These 
two  hyoscyamins  agree  quantitatively  in  their  effect  on  the  central 
nervous  system  of  mammals,  on  the  heart  muscle,  and  on  motor  cnd- 
nvg^,  Tlie  levo  (ordinary)  hyoscyamin  alone  acts  on  the  endings  of 
the  salivary  gland,  heart,  and  pupils:  whiUt  il  has  a  weaker  stimulant 
action  on  the  spinal  cord  of  frogs.  The  two  hyoscins  show  similar 
differences:  they  act  alike  on  the  central  nervous  system  and  motor 
cfulmgs.  but  the  left  (scopolamin)  is  twice  as  active  on  the  salivary 
V^  vagiw  endings,  as  the  racemic  atroscin  <  Cushny  and  Peebles, 
1905). 


Hyoscyamin  therefore  surpasses  atropin  in  the  salivary, 
vagus,  and  pnpillan'  actions.  The  two  alkali tids  are  alnnit 
^ual  in  their  central  efTect  and  in  their  action  on  the  car- 
''I'.'ic  muscle. 

Hyoscin  (  Sco(>olainin  and  Atroscin  1  arc  related  to  atro- 
P'n  in  their  action,  but  show  important  practical  difference: 
»ne  psychic  effects  show  but  little  stimulation,  and  consid- 
^\i\t  depression,  so  that  they  are  efficient  hypnotics,  resem- 
j'^g"  morphin.  They  produce  mydriasis,  stimulate  respira- 
'j^''^.  paralyze  the  vag^al  and  gland  endings,  and  stimulate 
""*   heart  muscle,  like  atropin. 

.  *  he  action  of  homatrohin  on  the  eye  was  discussed  pre- 
vioiislv. 


.^^■•tioii  to  Other  Group*.— CoraiH*    Constitution,  effect  on  cen- 

^l.    '*rr\r,\is  nyiiern   anrl  iK-riphernl   nerves. 

^^^'^•"m  ami  strychnin:    Stimulating  effect  on  centnil  nervous  system. 

'■^    «emnection  with   nkotin,  etc.,  groups   will  be  discus<ed  later. 
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VI.  THERAPEUTIC  USES. 

(A)  The  effects  of  atropin  on  the  central  nervous  system 
are  sometimes  used  in  psychic  depression,  especially  in  nior- 
phin-poisoning  (p.  109),  as  also  in  mental  disease.  Since 
it  dues  not  act  nearly  as  promptly  or  strongly  as  strjxhnin 
upon  the  medullary  centers,  it  is  of  but  little  use  in  shock. 

Hyoscin  ( Scopolamin)  is  a  useful  sedative  and  hypnotic,  especially 
in  maniacal  excitement  and  dcSiniim  tremens.  In  these  conditions 
hyoscin  must  be  preferred  to  morphin,  since  it  lessen^  the  motor  dis- 
turbance, which  is  only  increased  by  morphin,  and  it  has  the  advantage 
over  chlorn]  of  a  slighter  depression  of  the  medullary  centers.  It  has 
little  taste,  sn  that  it  can  be  easily  administered.  It  is  much  better 
borne  by  insane  patients,  to  whom  doses  of  r  to  3  mg.  ('/»  10  V» 
grain ) !  have  been  given.  With  ordinary  individuals.  0.5  mg  C/m 
grain)  shonld  not  be  exceeded  Very  small  doses  {0.2  mg  ,  V*m  grain) 
arc  sometimes  employed  to  enhance  the  hypnotic  effect  of  morphin. 
Doses  of  0.25  mg.  ('/=«•  grain)  have  been  fotmd  useful  in  the  tremors 
of  paralysis  agitans,  lead  poisoning,  etc.,  and  in  spasmodic  affection, 
stjch  as  lorticoUis. 

Small  doses  of  atropin  ( i  mg.  =  160  gr.)  or  of  hyoscin 
(0.5  mg.  ~  V120  Ri"^'")  ^^^  useful  as  a  prdiminary  to  f^en- 
cral  aneslhesia.  They  are  usually  combined  with  morphin 
(o.oi  Gm.  =  ^  gr-).  They  stitnulate  the  respiratory  cen- 
ter, check  the  excessive  formation  of  mucus,  atid  prevent 
reflex  stoppage  of  the  heart  from  vagus  stimulation,  Atro- 
pin is  therefore  especially  useful  with  chloroform  anesthesia, 
and  in  operations  about  the  neck.  Hyoscin  also  aids  the 
anestliesia  directly. 

Schnciderlin  and  Korff  have  also  advocated  the  hypodermic  injection 
of  a  mixture  of  scnpolamin  (0.3  mg.)  and  morphin  fR  mg.)  as  suffi- 
cient to  produce  general  anesthesia,  without  ether.  Three  of  the  abovf 
doses  are  administered;  the  first  2]/;  hours,  the  second  iVj  hours,  and 
the  third  V2  hour  before  operating.  Complete  insensibility  results  and 
lasts  for  ^  to  14  hours.  Post-operative  vomiting  U  common.  Some 
patients,  however,  do  not  become  anesthetized,  and  others  exhibit  severe 
morphin  poisoning.  The  method  can  therefore  not  be  advised,  espe- 
cially as  the  degree  of  anesthesia  cannot  be  modified  to  suit  the  nc«d$ 
of  the  moment. 

(B)  Of  the  peripheral  actions,  those  upon  the  eye  are  the 
nly  ones  which  can  bfe  obtained  quite  pure:  but  by  care- 
ally  adjusting  the  dose,  some  of  the  other  actions  may  also 
ic   utilized.     Tlie    f<tllowing   dostmeirk    table    (Schmicde- 

i5crg)  will  be  fouiid  useful  in  this  connection: 
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Ma  Gr.  Symptoms. 

►  5  10  I       Vut  to  Vti     Dryness  in  mouth,  often  with  thirst. 

2  Vm     Pupil  dilated,  not  quite  immobile.     Increase  of 

pulse-rate. 
3  to  5        Vitto'/u     Headache.     Dysphagia.    Alteration    of    voice. 
Muscular   weakness.     Restlessness. 
7        .  Vi»     Considerable  dilatation  of  pupils.     Disturbance 

of   vision, 
B  J^     Excitement  and  muscular  incoordination  more 

marked. 
10  V»    Apathy.     Halhicinaiions  or  delirium.     Uncon- 

sciousness. 


Txcqjt  for  nse  on  the  eye,  it  matters  little  which  tropein 
is  employed  to  secure  a  peripheral  action;  in  practice,  atro- 
piin  is  usually  given  the  preference. 

<a)  Eye:   mainly  for  dilating-  the  pupil. 

1.  For  ophtholmologic  examinations  the  preference  should 
be  given  to  homatropin,  since  its  effects  set  in  and  disap- 
pear more  quickly.  It  is  used  in  1%  to  2%  solution, 
dropped  on  the  cornea. 

2,  In  iritis,  to  secure  rest,  to  prevent  adhesions  of  the 
ins  to  the  lens,  or  break  them  if  already  formed,  and  to 
effect  assumed  favorable  changes  in  the  circulation  of  the 
tris.  The  more  prolnnged  action  of  atropin  causes  it  to 
^  preferred  for  this  purpose. 

Atropin  is  used  in  solution  of  !  :  1000  to  i  :  100.  Complete  paralysis 
^'  Accommodation  i*  obtained  in  about  an  hour,  and  parlially  persists 
'^r    s<?vcral    days.    The    dilatation    of    the    pupils   occurs    much    more 

PfOlTiptly. 

^*  must  not  be  forgotten  that  these  substances  are  harm- 
!l'^  in  glaucoma,  as  they  increase  the  intraocular  tension. 
^^^y  may  also  give  rise  to  slight  general  symptoms  i^head- 
^"^.  dryness  of  mouth,  palpitation). 

^  •*)    Suppression    of    secretions. —  Atropin    is   used    to 

che^l^   excessive    secretion   of   saliva,    sweat,   bronchial    or 

nas^l  nnicus.  and  milk.     It  gives  prompt  results,  but  they 

^^^    rnerely  symptomatic.     The  cause  of  the  trouble  should 

"^js-ought  and  removed.    Its  ( antisalago^ur)  action  on  the 

^^*va  is  employed  in   stomatitis   and  in  various  intoxica- 

ti'>ns  ("mercury,   pilocarpin.  etc.).     Its  effect  on  the  nasal 

tnucosa  is  utilized  in  acute  cory::a.     It  is  quite  efficient  in 

^^^nchitis,  by  lessening  the  sputum:  and  in  bronchia!  pncu- 

Wf»m(j,  where  it  helps  also  by  stimulating  the  respiratory 
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center.     For  this  purpose,  it  is  best  given  by  inhalation  of 
an  atomized  sohition. 

Its  {anhydrotic)  effect  on  sweat  is  mainly  useful  in  the 
uight-szi'cats  of  phthtisis.  Small  doses  (0,3  mg.  =  Vjoo 
grain)  are  employed.     Hyoscin  can  be  substituted. 

The  following  drugs  arc  used  In  the  treatment  of  night-su'catj: 

1.  Atropin  Group:  paralyzing  the  secretory  endings;  atropin  J4  to 
I  mg. 

2.  Agaricin:  The  action  is  peripheral,  and  probably  resembles  airn- 
pin.  but  15  much  weaker.  It  appears  in  a  few  hours,  and  is  not  lasting. 
liabituaiioii  occurs,  su  that  it  is  hot  to  begin  with  small  doses  (0.5 
mg  )  and  incieasc  gr.Triiinlly  to  40  mg.  per  day.  Large  doses  cause 
diarrhea^  vomiting,  and  dcalh  ihrouKh  central  paralysis.  It  does  not 
act  on  any  other  ylands.  Sodium  Ti'Hurati*  appears  to  act  similarly, 
but  is  objectio.nable  on  account  of  Lbc  persistent  garlic  odor  which  it 
gives  to  llie  breath. 

3.  Picrotoxin.  \  to  3  mg. 

4.  Camphoric  Acid.  1.5  to  2  Gm.  in  wafers. 

Picrotoxin  and  camphoric  acid  act  by  stimulating  the  respiratory 
center,  and  are  especially  useful  if  the  sweat  is  asphyxial:  \trnlUol, 
0.1  Gm.,  belongs  to  the  same  class.  Cold  brandy  is  sometimes  used, 
but   is  of  doubtful  value. 

Tlif  drugs  are  taken  in  the  evening,  before  retiring.  Atropin  is  by 
far  the  most  ctficienl.  but  it->  side-actions  interfere  greatly  with  its  use. 
Local  measures  are  often  useful:  Sponging  with  cold  lotions  contain- 
ing alcohol,  dilute  acids,  or  astringents  (salicylic  acid)  ;  the  last  may 
also  be  used  as  dusting  powder,  mixed  with  20  parts  of  talctim. 
Tannoform  (with  2  parts  of  talcum)  has  been  recommended. 


I 


I 


I 
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(c)  Peristalsis, —  Atropin  may  be  used  to  stop  a  diarrhea 
which  depends  upon  central  influence,  but  is  useless  if  the 
cause  lies  in  the  intestine  itself.  It  will,  on  the  other  hand, 
be  useful  in  const ipatic^m  from  tonic  spasm  of  the  intestine 
(^*  g'f  ^*^<^^  colic),  just  like  morphin;  0.75  mg.  ( V*»o  grain)  ■ 
often  g'ives  prompt  relief  in  the  colic  pains  of  indigestion. 
It  is  frei|uently  adde<!  to  irritant  luxatii'cs,  since,  by  prevent- 
ing local  contractions  dejieniling  u]Hin  nervous  stimulation. 
it  obviates  griping,  and  it  does  not.  at  the  same  time,  inter- 
fere with  the  purgative  action  of  the  irritants  (see  Chapter 
XXX.).  Small  doses  may  be  directly  laxative  by  stimu- 
lating the  intestinal  muscle.  Preparations  of  the  crude  drug 
should  be  used  for  local  action  on  the  intestine. 


The  paralysis  of  unstriped  muscle  is  also  taken  advantage  of  for 
ttie  relief  of  biliarv  and  renal  colic  from  calculi.  The  vagus  paralysis 
Is  aI«o  n!;cful  in  this  connection  in  preventing  the  dangerous  slowing 
of  tlie  heart  which  sometimes  occurs.  Incontinence  of  urine,  when 
due  to  overaction  of  the  bladder  muscle,  is  aUo  relieved  by  it.  as  may 
also   be   retention   of   urine   due   to   overaction    of   the   sphincter.     Its 
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ithon  on  thr  uterus  is  »o  uncertain  that  its  value  in  treating  tetanic 
contraction  of  this  organ  is  doubtful. 

.(d)  The  paralysis  of  the  cardiac  vagus  endings  indicates  it  in  alt 
conditions  in  which  slowing  or  even  stoppage  of  the  heart   from  stimu- 
lation of  the  inhihilory  mechanism  exists.     This  may  occur  in  (•ressure 
iff  the  brain,  and  in  other  conditions  which  we  liave  alrL'ady  dii^cussed. 
Kt)  Anoth«:r  use  of  atropin  is  as  a  local  application,  usually  in  the 
form  of  liniment  or  plasters,  for  the   reticf  of  pain.     The  modus  oper- 
andi has  been  discussed,  but  it  is  inferior  in  this  respect  to  cocain.  on 
the  one  hand,  and  counlerirritants  on  the  other   (see  Chapter  XXIX). 
The  antagonism  of  atropin  and  iodolhyrin    (see   Chapter  XIII)    indi- 
cates it  in  Basedow's  disease  or  thyroid  poisoning. 

One  of  the  most  important  uses  of  atropin  is  found  in  the 
treatment  of  asthma. 

^sthma  consists  essentially  in  a  spasmodic  constriction  of  the  bron- 
chioUs,  which  may  be  produced  reflcxly  («'.  g..  by  irritation  of  the 
mucosa  of  the  nose,  larynx  or  bronchioles)  :  or  directly  by  electric 
siinuilation  of  the  vagus  trunk;*  by  drugs  stimulating  the  endings  of 
the  vagus  in  the  bronchial  muscle  (muscarin,  pilocarpin,  physostig- 
'^'n.  neurin,  digitalin,  aspidospcrmin)  :  by  drugs  acting  on  the  bron- 
chial muscle  (barium,  veratrin,  salts  of  many  metals,  bromin  vapor)  : 
**r  ^y  central  actions  (CO-.).  In  the  disease,  asthma,  there  is  perhaps 
also  a  catarrhal  congeslipn  of  the  mucous  membrane,  but  the  bronchial 
'P^rn  15  the  predominating  feature. 

'his  is  promptly  relieved  by  drugs  'which  dilate  the  bronchi,  viz.: 
atropij,  hyoscyamin,  hyoscin,  chloroform,  ether,  urethane,  cyanids. 
^maH  doses  of  morphin  also  cause  dilation,  but  large  doses  constric- 
'•oti.  The  following  drugs  dilate  after  producing  a  temporary  con- 
Mnetion:  lobelia,  nicotin,  curare.  Suprarenal  and  ergot  have  little 
^^'•^•^  (Dixon  &  Brodie,  1903). 

'J^^  pharmacologic  data  throw  considerable  light  upon  the  thcra- 
ff\tfi^  treatment  of  asthma,  for  which  the  following  drugs  have  been 

.  ^  ^»-ofin:  relieves  the  bronchial  spasm  by  paralyzing  the  motor  end- 
'"8^  of  the  vagus.  It  also  lessens  secretion,  lowers  the  sensitiveness 
**'  *He  mucous  membrane  to  reflexes,  and  stimulates  the  respiratory 
wnt^^  The  dose  is  %  to  I  nig.  It  is  often  used  by  inhalinju  the 
^^W«  of  burning  stramonium  leaves,  mixed  with  potassium  nitrate, 
'j"^  empyrctimaiic  products  of  smoke  probably  have  a  dilator  action 
p^*  so  that  the  burning  of  paper  impregnated  with  nitre  (Charta 
r^fojrjii  S/itratrs)  is  of  some  benefit.  It  is  conceivable  that  nttrites 
•|?^^_  a  "iimilar  action,  but  they  may  also  be  beneficial  by  altering  the 
ai*ttS|>mion  of  blood.  fT^i'oscyamns.  hdladorma,  lobelia,  tobacco,  and 
*pa»-trm  are  sometimes  mixed  with  stramonium,  or  are  substituted  for 
jj"  ^Viey  act  in  a  similar  manner.  Sometimes  one  of  these  dntgs  gives 
***^f  results  than  the  others. 
.^  ^loroform.  ether,  and  morphin  act  similarly,  but  are  not  as  effec- 
t'7^-  They  arc  also  useful  bv  lessening  the  discomfort  and  apprehen- 
**'^'J^of  the  patient 

*  *ie  effective  lumen  of  the  hrnnchiole*^  can  also  he  widened  hy 
et.x>*I]ing  whatever  mucus  is  contained  in  them.  Emetics  and  mjw- 
it^'^ts.  particularly  potassium  iodid    (i  to  3  Cm.  per  day)  act  in  this 

^j*Tfc«    vap    also     carry     Hitator     fihren,    but     the    cnnntrfctor*     nre^ontinate. 
sI'vobMton   of  the  sympathettc   has   nn  effect   on   the   bronchial   muscles. 

r— 16 


242 


ATROPIN    GROUP, 


CH.    XI. 


manner.  (Ergot  is  said  to  be  useful  in  some  cases,  but  its  use  has 
no  rational  foundation.) 

The  cause  of  the  disease  lies  often  in  an  irritation  of  mucous  mem- 
branes, which  can  be  relieved. 

When  gross  changes,  especially  of  the  nose  or  pharynx,  can  be 
demonstrated,  these  should  be  removed.  When  the  condition  Is  one 
of  increased  susceplibility  to  unavoidable  irritants  (as  to  pollen  in 
hay-fever),  this  may  be  lowered  by  cocain,  or  mechanical  protection 
afforded  by  ointment.  An  antitoxic  serum  has  also  been  introduced 
(see  Index,  pollantin). 

The  asthma  may  also  he  treated  through  the  respiratory  center,  by 
two  diametriirally  opposed  bets  of  remedies: 

1.  Uy  depressants,  throiisln  (a)  lowering  the  reflex  excitability  of 
the  centers  concerned  in  tlie  production  of  the  attack. 

(b)  By  narcotics,  through  diminishing  the  discomfort  of  the  pa- 
tient. 

Both  indications  are  met  by  morphin,  codein,  alcohol,  chloroforrn, 
KBr.   HCN. 

2.  By  stimulants,  through  increasing  the  activity  of  the  respiratory 
center  when  it  has  become  exhausted  through  the  violence  of  the 
attack. 

Among  stimulants,  caffcin,  strj-chnin.  and  atropin  stand  foremost 
for  this  purpose.  The  same  result  may  be  achieved  through  counter- 
irrilatinn    (ammonia,  sinapi«im>. 

Finally  much  of  the  discomfort  of  the  patient  may  be  removed 
symptomatically,  by  the  inhalation  of  oxygen  or  compressed  air  (Chap- 
ter XX,  B>. 

VIII.  MATERIA  MEDICA. 

(A)  —  U,  S.  P.  PREPARATIONS. 


All  the  plants  belong  to  the  family  Solanaceae.  With  the  exception 
of  stramonium  leaves,  and  the  liniment  and  plaster  of  belladonna,  the 
crude  drugs  and  their  preparations  deserve  to  be  abandoned,  and  atro- 
pin or  scnpolamin  substituted. 

Crude  Drugs  (the  minimum  percentage  of  total  alkaloids  is  given 
in  brackets)  : 

BfltadonniF     Folia     and     Radix. —  From     Atropa     Belladonna. 
Deadly     nightshade:     Europe     and     Asia     Minor.     [Leaves, 
0-35%:  Root.  0.5%.] 
Hyoscyamus. —  Leaves    of   H.    niger,    Henbane;    Europe    and 

Asia.     [o.o8%.] 
Scopola. —  Rhizome   of  S.   Carniolica.    Io.5%.] 
Stramonium. —  Leaves     of    Datura    Stramonium,    Thomapple. 
Jamestown     Weed:     originally    from    Asia,    naturalized    in 
many  countries.     lojs^.] 
Stramoniimi  leaves,  mixed  with  io%  of  saltpeter,  are  used  for 
asthma,  the  mixture  being  ignited  and  the  smoke  inhaled. 
Note. —  Belladonna,  Scopola.  and   Stramonium  contain  approximately 
the  same  percentage  of  alkaloid*;    (0.35   to  0.5%),  but  Hyoscyamus  is 
weaker.    It  also  differs   from  the  preceding  by  the  relative  predom- 
inance of  hyoscin. 
Preparations.- 

The  strength  of  the  preparations  is  adjusted  to  the  minimal  content 
of  alkaloids  (e.  g..  Belladonna  Leaves.  0.35%);  the  tinctures  contain- 
ing: Vio.  the  extracts  four  times  this  quantity).  Tlie  preparations  are 
mwcibie-  with  water   and   alcohol.    The  extracts  are  generally   prepared 
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y  rtie   nraporation    of   the   fluidextracts.    They   have   a   pilular   con- 
Utcncy. 

I  Dose:  The  corresponding  preparations  of  Belladonna.  Scopo- 
la,  and  Stramonium  have  the  same  dose.  Those  of  Hyoscya- 
mus  preparations  are  somewhat  larger. 


List   of    Offi- 
cial  r'KEP- 

ARATIONS. 


Dose. 


U.  S.  P. 


ella  donna 
.caves: 


ir11a<3<inna 
EUoc  : 


tyf**frj3. 


Tinctura  Bflla- 
donna  Folio- 
rum 0.3  to  I  c.c.  (5  to  15  TTi..)    0,5  cc,  =  8  m.. 

Extractum  Bel- 
ladonna Foli- 
orum   5  to  15  mg.(V»  to  •4  8T.)  iomg.  =  H  gr. 

VngutHtum 
Bellodnnna..  10%  of  Extract    (leaves) 

Emplastrum 
B^Uudi/nntt . ,  30%   "        "  "         (0.38  to  o.p% 

in  adhesive  plaster.  of  alkaloids) 

Fluidfxf  factum 

ftrlhdonniE 

Radicts   0.05  to  0.2  c.c.(  I  to  3  HI..)  0.05  c.c.  =  i   HI. 

Linimentum 

Belladonna 

Raduis    5%  of  camphor,  dissolved 

in  the  HuidcxtracL 

Tinctura  Hyos- 

cyafn$  0.5  to  1.5  c.c.  <8  to  25  HI.)      i  c.c  =15  TH.. 

Fluidextractum 

Hyoscyomi  ..  0.15  to  0.3  c.c.  (a!^  to  5 
Extractum  Tn_.)  a2  c.c.  =   3  n^,. 

Hyoscyami  . .  O.05  to  o.i  Gm.  (>5  to  lYi 

gr.)  65  mg.=  i  gr, 

Fluidexiractum 

Scopolte o  OS  to  0.2  C.C.  ( i  to  3  m,.)  0.05  c.c.  =  i  m. 

•   Extractum 

Scopola 5  to   15  mg.    ('/»#  to  % 

gr.)  10  mg.  =  J^  gr. 


im 


Tinctura 

Stromnnii  ...  0.3  to  I  C-C.  (5  tO  tS  T^.)     0.5  C.C.  =8  % 
riuidrxtractum 

Strattutnii  .. .  o.os  to  aa  c.c<i  lo  3  Til,)  0.05  c.c.  =  i  v\, 
Esjractum 

Stromnnii  ...  5  to    15   mg.    ('/»  to   l4 
t'ngurntum  gr.)  is>  mg.  =^H  »>"• 

Stritmonii  ...  10%  of  ejttract 


—  The  average  dose  of  the  alkaloids  is  0.5  mg.  =  Vi»  gr, 
are  freely  soluble.     They  are  used  in  1%  solution  for  dilat- 
pupil    The  solutions  deteriorate  on  keeping. 

*Ny  Uaiciia  Medio  Lesson  ia» 
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Atropina,    GtHnNOi. —  Contains    some    hyoscyamin.     Sol.   450 

water,   1.46  alcohol.     Dvse:    0.4   to  2   mg.    (Vi»   to   V»  gr  ) 

(0.4  nig.  =  Vi*)  gr.,  U.S.  P.). 
Atropimr  Sulphas,  Atr.i.HjSO*. —  Sol.  ajS  wat«r.  3.7  ale.   Dose: 

as  the  preceding. 
Oleaium  Atrof'tna. —  2%. 
Hyoscyamimr  Uydrobromidum,  CtiHaKOa.HBr. —  Very  soluble 

in    water,   and   in    2   parts   alcohol.    Dose:   as   Atropin    (0.5 

mg.  =  y.»  gr.    U.S.  P.). 
Hyoscyamimc  Sulphas,  Hyj.HaSO..— Very  soluble  in  water  and 

in  6.4  part.s  alcohol.     Dose:  as  the  preceding. 
Homatropina  Hydromidum.   Ci»HnNOi.HBr. —  Sol.   5.7    water, 

32.5  ale.     Dose:  as  the  preceding. 

Scopohmii)tr\   ^h^irobromidum    (identical).  CuH«NO..HBr  + 


3H,0.— Sol.    in 
('/».  to  7,0.  gr.J 


i-S    water,    t6   ale.     Dose:    0.3 
(0.5  mg.  =  y,n  gr.,  U.S.  P.). 


(B)  — B.    P.    PREPARATIONS. 

Consult  the  V.  S.  P.  lists  for  details. 
Crude    Drugs. —  Bclladonn;?    Fnliae   and    Radix;    Hyoscyam! 
Stramonii    Folia  and  Scmina. 
Preparations: 

BeUadonuiT  Leaves  (fresh). —  Extkactum   Beli.adonk«  VtRtDC 
to  I  gr.)  ;  Srrcvs  Bellaoonn,!-.  5  to  15  TH.. 

Belladonna  Root. —  Extb,  Beu-.  Alcohol.;  (i%  of  alkaloids)  y^  10  1 
gr.;  E.\T.  BcLU  Liq.  (>4%  alk.);  Tinct.  Beulap.  (V»%  alk)  ;  LlNiM. 
Bexxad.  ;  Ung.  Bellad.  ;  Empl.  Bella d.  ;  Suppos.  Bellad.  ('/•  gr: 
alk). 

Hyoscyamus  (fresh  leaves). —  E^xt.  Hyosc.  Vir.  (2  lo  8  grs.)  ;  TiNCT. 
Hyosc.  lli  to  i5);  Siccus  Hvosc.  ( '/5  to  i5). 

Stramnnii  folia. —  TiXfT    Stram.  (5  to  15  m.) 

Stramonii  Setnina. —  Ext.  Stram.  O/i  to  i  gr.). 

Alkaloids. —  Atropina:  Atropiuje  Sulph. ;  ung. 
Atropin.T?    (r*^);    Lamella?   -Atrop.    (Va«»  gr.). 

Hyoscya m itttr  Sutp h as. 

Hyoscitur  H ydrohromidum. 

ffomatropiita-   Uydrohromidum ;  LamcHx  Hnmalropinae    (Vim  gr). 

Synthetic  Mydriatics. —  *  Bumydrin  (Atropin  methyl  nitrate)  has 
been  investigated  hy  Drcser  and  by  Goldberg  It  is  said  to  have 
only  Vm  ihc  danger  of  atropin  ;  its  general  actions  aKfcc  with  the  lat- 
ter;  bnt  it  is  claimed  that  it  does  not  raise  the  intraocular  pressure  (  *) 
whilst  the  promptness  nnd  duration  of  the  mydriasis  lies  between 
atropin  and  hnmatnipin, 

•  F.uphthalmin  i  HytJrochlnrid).  the  mandclic  ester  of  beta-encain» 
has  mydrialic  prnpcrtics,  and  i*?  recommended  as  a  substitute  for 
homairopin.  in  strength  of  2  to  10%.  It  causes  no  irritation,  and  only 
moderate  loss  of  accommodation,  and  does  not  raise  the  intraocular 
tension.  The  effect  is  quick  and  short.  It  forms  a  white,  crystal- 
line powder,  readily  soluble  in  water. 


Atropine  (4%)  ;  Liq, 
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CHAPTER  XIL 

MUSCARIN-NICOTIN-CURARE  SERIES. 

(A)  MUSCARIN  GROUP. 


I.  STRUCTURE.  DERIVATION.  AND  OCCURRENCE. 

The  mujcarin  groups  contain  a  number  of  alkaloid  and  ptomain 
principles,  which  are  chemically  derived  from  cholin.  This  is  formed 
tiyihc  combination  of  glycol  and  irimethylammonium,  with  ihc  eUmina- 
tion  of  HjO : 


Glycol. 


CH4OH  |0H  +  H  N(CH,).OH  =  H,0  +  CH.OH  —  N(CH,).OH 

Tnmclhy!  Cliolin. 

Ammoniam 


In    ihe    other   mcmlwrs   of   the    group    (isocholin.   miiscarin.   neurin, 

in),  the  N(CM,)«0!!   remains  intact,  the  changes  occurring  in  the 

^      «0H  —  /.  I.,  in   muscarin  by   the  addition  of   O.    (first  edition,  p. 

TTksc  substances  arc  mostly  formed  in  the  putrefaction  of  nilro- 
*'fTic»tt';  matter,  by  the  action  of  bacterin.  They  are,  indeed,  among 
^*^  lirincipal  members  of  the  group  of  "putrefactive  alkaloids"  or 
^  ^i^mains.'*  But  they  are  also  formed  in  living  plants,  and  especially 
»n  ^wngi.  Muscarin,  the  typical  member  of  the  group,  is  contained  in 
.*b*  tV-agaric,  Agaricus  (Amanita)  muscarius.  growing  in  birch  and 
wor»flR  in  many  parts  of  the  globe.  It  probably  occurs  also  in 
•-  '  'be  other  poisonous  fungi,  but  this  has  not  been  sutficiently 
I ;  one  of  the  characteristic  features  of  the  memlnrs  of  this 
I't  of  ptomaine  generally  —  is  the  case  with  which  they  are 
i.  and  thJH  renders  their  investigation  very  difficult.  One 
MmpOMiion  products  of  muscarin  seems  to  have  an  atropin 
II.  M>  that  many  samples  arc  entirely  worthless. 

11.  SUMMARY  OF  ACTIONS  OF  MUSCARIN. 

J .  Stimulation  of  precisely  those  peripheral  structures 
*^icli  are  paralyzed  by  atropin.  This  stimulation  is  pecu- 
liar in  not  \ic\ng  followe*!  by  depression. 

2.  .\ffcctions  of  the  central  nen*ous  system,  as  yet  im- 
I«TfedIy  stiKlied. 

y  A  ctirare  effect  on  motor  endings,  very  inconspicuous 
m  the  case  of  muscarin  itself. 

'^«re  is  no   effect  upon  g^anglia  or  nerve-filers,   even 
wnen  the  dni^s  are  directly  applied. 
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III.  DETAILS  OF  ACTION. 

I.  Heart. —  Muscarin  causes  slowing  and  stoppage   in  diastole,  just 

as  in  electric  vagus  stimulalton.  The  eflfcct  is  more  persistent  than 
with  the  latter.  This  standstill  occurs  also  in  the  isolated  apex,  show- 
ing thai  the  stimulation  is  peripheral  to  the  ganglia;  and  since  it  can 
be  abolished  by  atropin  or  sodium  iodid,  the  action  cannot  be  on  the 
muscle.  It  is  therefore  assumed  that  it  stimulates  those  endings  which 
atropin  paralyzes.  If  muscarin  and  atropin  are  exhibited  at  the  same 
time  or  successively,  their  respective  quantity  will  detennine  which 
predominates.  Drugs  which  act  upon  the  ganglia  —  tv  £.,  nicotin  — 
will  be  ineflfcclual ;  but  the  .siandsiill  may  he  raised  by  substances  effect- 
ing a  direct  stinuilaliun  uf  the  muscle-fibers  —  c.  g.,  physostigmin. 
vcratrin,  digitalin,  anilin,  cauiphor.  guanidin. 

The  same  stimulaiioii  of  the  vagus  endings  can  be  obtained  by  iodo- 
thyrin. 

It  is  interesting  that  muscarin  causes  an  acceleration  of  the  crab's 
heart,  although  a  well-defined  inhibitory  mechanism  exists  in  these 
animals.  The  explanation  undoubtedly  lies  in  some  structural  pe- 
culiarity. 

The  action  of  muscarin  on  iiiMJi'^ir-substance  is  precisely  opposed  to 
atropin.  On  skeletal  muscles  tcurarized  or  not)  it  resembles  veratrin« 
causing  a  slow  relaxation;  tlic  contractility  is  lowered  with  large  doses, 
but  spontaneous  contractious  appear.  Its  action  on  the  heart  muscle 
leads  to  increased  tonus  and  greater  excursions. 
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2.  The  effects  upon  the  eye  (exclusive  stimulation  of 
oculomotor  endings),  glands,  and  nnstriped  muscle  in  general 
are  precisely  the  same  as  witli  pilcjtarpin.  As  to  the  i>i- 
iestifw,  small  doses  cause  a  stinuilation  of  Auerbach's 
plexus:  strong^  contraction  and  paling  of  the  whole  intestine 
This  is  inhibited  by  atropin  and  by  extremely  large  doses  of 
the  nmscarin  itself.  It  produces  asthmatic  dyspnea  by  con- 
traction of  the  bronchial  muscles. 

The  muscarin  group  has  only  a  scientific  and  toxicologic 
imf^oriancc.  Poisoning  by  mushrooms  and  meat  is  largely 
due  to  these  substances. 


I 


(B)  MUSHROOM-POISONING, 

This  topic  still  requires  much  elucidation.  Undoubtedly 
different,  although  related,  active  substances  are  present  In 
the  varioits  mushrooms  as  well  as  in  different  samples  of 
spoiled  meat.  Even  the  fly  agaric  contains  another  con- 
vulsant  poison,  pnibably  a  toxin. 

The  tymptomi  are  accordingly  r|nite  variable.  Features 
which  are  more  or  less  common  to  mushroom-poisoning 
are:  Abdominal  pain,  nausea,  vomiting,  and  violent  diar- 
rhea; variable  pulse;  labored  respiration;  consciousness  un- 
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affected,  or  delirium;  coma  or  convulsions.  Some  cause 
fatty  degeneration  of  the  liver  and  kidneys.  Many  mush- 
ro<.>ms  produce  abdominal  symptoms  simply  by  being  in- 
digestible. 

Poisoning  by  the  fly-mushroom,  v/hich  has  been  best 
studied,  presents  a  close  resemblance  t(»  that  by  pilocarpin. 
The  pulse  is  always  slowed,  and  the  blood  pressure  falls, 
as  also  through  vasomotor  paralysis.  Muscular  weakness 
and  inco<jrdination  are  among  the  more  prominent  symp- 
toms. Death  usually  occurs  after  several  days,  the  cause 
being  yet  obscure,  but  probably  residing  in  the  central 
ncr\ous  system. 

The  treatment,  besides  removal  and  chemic  and  symp- 
tomatic antidotes,  as  with  pilocarpin.  would  be  by  atropin. 
The  chance  of  poisoning  may  be  S(^mewliat  tliniinished  by 
prolonged  boiling,  as  some  of  these  substances  are  decom- 
posed in  this  manner.  This  does  not  hold  for  the  Amanitie. 
Dn,'ing  does  not  diminish  the  toxicity. 

The  proof  of  the  poison  consists  in  the  demonstration  of  the  phys- 
iologic action  of  the  alkaline  ether  extract.  It  cannot  be  demonstrated 
in  (he  urine. 

There  seems  to  be  an  acquired  immunity  to  the  peripheral  act'on 
ol  muscarin,  a?  there  is  to  nicotin  and  atropin  :  In  Kamschatka  the 
fly-agaric  is  used  as  an  intoxicant,  prodiiciiiR  symptoms  similar  to 
tbt><<  of  alcohol,  seemingly  without  exhibiting  its  peripheral  action. 

Pellegrini  claims  that  an  antitoxic  scrum  can  be  obtained,  but  the 
statement  needs  conBrmation. 

Edible  Mushrooms, —  The  fond-vahie  of  mushrooms  is 
popularly  supposed  to  lie  in  a  large  percentag;'e  of  assimila- 
ble- nitrogen.  This  is  not  borne  out  by  analyses:  they  con- 
tain o.i^^  in  the  fresh  condition,  or  0,3  to  1.6  when  dried; 
J.  c,  no  more  than  potatoes,  and  only  one-tenth  as  much  as 
wheal  bread,  or  one-thirtieth  of  (hat  in  lean  meat.  As  the 
fiber  of  mushrooms  is  also  quite  indigestible,  their  main 
dietar\*  value  is  as  a  relish  rather  than  as  food. 

(C)  CHOLIN,  NEURIN,  ETC. 

These  have  some  little  importance  as  products  of  putre- 

^^*^ion,  forming-  some  of  the  poisonous  ptomains.     They 

^^^  also  formed  during  intestinal  putrefaction,  and  may  be 

absorbed  in  obstinate  constipation  in  sufficient  amount  to 

pToduce  symptoms.     They  are  also  found   in  extracts  of 

t^CTVous  matter. 


kHi 


248 


MUSCARIN-NICOTIN-CURARE   SERIES. 


CH.    XII. 


Osborne  and  Vincent  (1900)  believe  tliat  cholin  is  not 
the  active  ingredient  nf  extracts  of  nerve*matter.  tor  its 
amount  is  tuo  small.  The  nature  of  the  active  constituent 
is  not  known,  but  it  is  tieitlier  proleid  nor  carbohydrate. 
It  also  differs  from  cholin  by  paralyzing  the  arterial  muscle 
directly.     The  other  actions  agree. 

Xeurin  is  much  more  toxic  than  cholin.  It  may  be 
formed  from  ihc  latter  by  bacteria. 

1.  The  peripheral  effects  agree  with  muscarin : 

The  peristalsis  is  increased  (especially  important  when 
formed  in  the  intestine,  ct instituting  a  kind  of  natural  treat- 
ment of  intestinal  putrefaction).^ 

The  heart  is  slowed  (stimulation  of  the  vagus  and  de- 
pression of  muscle). 

The  glands  are  stimulated  (except  bile). 

Curare  action.  (This  is  quite  strong,  especially  in 
cholin.) 

2.  They  show  some  differences  from  muscarin  in  their 
central  action: 

They  have  only  a  feeble  effect  on  the  brain  and  spinal 
cord;  considerable  on  the  mcduiia. 

The  respiration  is  weaketaed  through  depression  of  the 
center. 

The  vasomotor  center  is  first  strongly  stimulated,  then 
depressed. 

The  blood  pressure  follows  the  vasomotor  and  cardiac 
changes. 

(D)   MEAT- POISONING. 

The  cases  of  poisoning  observed  as  a  result  of  partaking 
of  more  or  less  tainted  articles  of  food  —  sausages  (bolu- 
lismus  and  allantiasis ) ,  meat,  milk,  ice-cream,  cheese, 
corned  beef,  etc.,  and  with  some  specimens  of  mussels  and 
oysters  —  are  due  {\\  the  dcvelo]inient  of  ptomain  products. 
In  the  former  cases  these  are  rlevelnpcd  by  putrefaction:  in 
The  latter,  proliahly  by  disease. 

These  ptomains  have,  for  the  most  part,  been  isnlatc<l  in 
crystalline  form,  aufl  are  well  defined  compounds  Ijclonging 
to  the  aniiu  series.  Their  pharmacologic  action  lies  be- 
tween that  uf  atropin  and  muscarin. 

The  symptoms  niay  be  summarized  as  follows: 

(a)  Gasiro-intcsftmil  disturbance:  nausea  and  vomiting, 
and   either  diarrhea  ^r  cunstiiiatitm.     This   is  due  to  the 
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il  irritation,  and,  in  adcUiion,  to  stimulation  or  paralysis 
of  the  local  nervous  mechanisni,  and  probably  to  some  ex- 
tent is  central. 

(b)  Dryness  of  mouth:  difficulty  in  swallowing,  articula- 
tion, etc.;  due  to  paralysis  of  the  nervous  mechanism  of  the 
salivary  and  mucous  glands. 

(c)  Pupil:  dilated  by  almost  all;  through  an  atropin 
action. 

(d)  Heart:  quickened  l)y  atropin  action. 

(e)  Muscular  Zk'cakncss:  partly  central;  partly,  and  per- 
haps mainly,  peripheral. 

( f )  Sensory:  disturbed  sensations  of  various  kinds, 
formication,  heat,  etc. ;  probably  central. 

(g)  Medullary  centers:  depression  of  respiratory  and 
vasomotor  centers,  sometimes  preceded  by  stimulation. 
Tile  vessels  of  the  skin  are  usually  dilated,  producing-  sweat- 
ing, itching,  heat,  and  erythema. 

(h)  Brain:  the  consciimsness  is  usually  not  affected,  but 
there  may  be  delirium  and  later  coma.  When  convulsions 
are  obser\ed,  they  arc  probaljly  always  asphyxia!. 

The  perfectly  fresh  flesh  of  certain  tropic  and  Russian 
fishes  also  produces  central  symptoms  (Signatera). 

Tainted  meat  is  also  counted  among  the  causes  ui  scurvy. 

The  treatment  jn  all  cases  would  be  mainly  symptomatic, 
and  no  general  rules  can  be  given.  Emetics  and  cathartics 
should  be  employjed  whenever  necessary. 

(E)   PILOCARPIN  GROUP. 

TTi is  group  comprises  the  alkaloids  of  jaborandi  leaves  (pilocarpus), 
y"t,  pijocarpin.  isopilocarpin.  and  pilocarpidin.  These  diflFcr  merely 
''' (h«  itrcnifih  of  their  action,  pilocarpin  bcinE  hy  far  the  strongest, 
^  pDncarpidin  the  weakest.  A  similar  alkaloid,  nigellin,  is  found 
^  ^^igeDa  sativa.  It  was  formerly  believed  that  pilocarpus  contained 
'jnhcr  alkaloid,  jaborin,  with  atropin  actions.  This  view  has  been 
fbovrn  to  be  erroneous. 


I.  SUMMARY  OF  ACTIONS. 

'-  Stimulation,  followed  in  larger  doses  by  depression^ 
r.f  the  peripheral  structures  which  are  i^aralyzed  by  atrupin. 

The  stimulation  is  ver}'  persistent.  The  actirm  is  main- 
ly on  the  nerve-endings,  but  also  involves  the  ganglia  an<l 
cells. 

2.  A  late  and  weak  stimulation,  followed  by  more  con- 
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spicuous  paralysis,  of  certain  parts  of  the  central  nervous 

system. 

IL  ACTIONS  IN  DETAIL. 

Relation   to   Atropin,    Muscarln,   etc. —  Small   doses   of  pilocarpin 

arc  almost  exactly  antaKonJstic  to  airopin;  larger  doses,  however,  arc 
synergistic.  This  can  t>e  best  shown  in  the  vagus  action  (Marshall, 
1904).  and  in  tlicir  effect  on  developing  ova  (Sollmann,  1904).  The 
former  involves  nervous  aclicns,  the  lailcr  the  direct  effect  on  cells. 
In  the  case  of  glands,  the  stimulant  phase  is  much  more  persistent, 
and  the  antidotal  effect  is  almost  directJy  proportional  to  the  quantity 
of  pitocarpni. 

The  effects  of  small  doses  of  pilocarpin  on  most  organs  correspond 
almost  exactly  to  those  of  muscarin.  although  the  two  alkaloids  are 
not  related  chemically.  Relatively  -much  larger  doses  of  pilocarpin  arc 
required  to  antagonize  atropin,  because  its  action  is  partly  ganglionic. 
It  differs  from  muscarin  especially  in  the  fact  that  the  latter  is  stimu- 
lant even  in  large  doses,  whilst  large  amounts  of  pilocarpin  become 
depressant  and   therefore  antagonistic  to   muscarin. 

(A)  OlandflJ —  Pilocarpin  produces  an  increase  in  the  se- 
cretion of  saliva,  sweat,  tears,  mucus,  and  of  the  gastric, 
pancreatic  and  possibly  of  the  intestinal  juice. 

The  effect  upon  the  secretion  of  milk   is  doubtful.'    An  increase  in 

the  proportion  of  sugar  in  the  blood  has  been  ascribed  to  the  stimula- 
tion of  the  glycogenic  nerves  in  liver.  The  secretion  of  urine  and 
bile  is  not  directly  affected  (MacCallum,  1905);  the  considerable  loss 
of  fluid  Uy  other  channels  generally  diminishes  the  water  and  chlorids 
of  the  urmc   (Ashcr,  1905). 


The  general  increase  in  tlie  secretifvns  is  due  mainly  to 
water;  bul  llie  total  solids  are  also  increased,  altliough  their 
percentage  is  lessened.     The  amount  of  water  lost  in  this 
manner,    mainly   hy   the   perspiration,   is   very    large  —  as  ^ 
much  as  a  gallon  after  a  single  injection.  H 

The  scat  of  the  stimulation  is  mainly  in  the  nerve  endings 
or  ganglia. 

It   is   not   central,   since   it   occurs  after  section   of  the   ner\'e.'(;   nor  ^H 
does  it   reside  in  the  cells,  since  it  can  be  arrested  by  atropin.  which 
acts    upon   the   nervous   structures  only.     That   it   may   occur    through 
stimulation  of  the  nerve  endings  i?  shown  hy  the  fact  that  in  the  cat's  ^M 
paw  the   <;ecrelion  of  sweat  is   increased  hy  pilocarpin    (after  division  ^| 
of  the  sciatic),  yet  the  sweat  nerves  in  this  situation  possess  no  gang- 
lia.    It  is  claimed  that  pilocarpin  is  offectua(  two  weeks  after   section 
of  the  sciatic.     Since  the   nerves   wniilrl  be  degenerated  hy  this   time. 
it  would  seem  that  the  pil'Krarpin  can  stimulate  the  gland  cells  directlv- 
But  the  statement  needs  confirmation.     It   is   furthermore  very  proba-  ^^ 
ble,  that  a  part  of  the  stimulation  involves  the  ganglia,  on  account  of  ^| 

'  F)terci«e    55. 

*  Tticrc  are  at  present  no  really  reliable  d«tA  concerning  the  action  of  dmitf 
(except  alcoliot)   upon  milk  aecrdion. 
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its  action  on  the  heart,  where,  a«  we  shall  see,  it  stimulate^  these 
mainly;  and,  further,  the  dose  of  pilocarpin  required  to  prnriiict.'  secre- 
tion after  atropin  is  relatively  much  larger  than  that  of  muscarin 
(which  stimulates  the  endings),  showing  that  part  of  its  action  must 
be  higher  up  than   with  the   latter 

Acceleration  of  the  blood  current  through  the  glands 
occurs  as  a  secondary  effect  of  their  increased  action.  A 
common  effect  of  pilocarpin,  a  hyperemia  of  the  skiji  (re- 
sulting in  an  increase  of  its  tem])erature).  may  possibly  be 
due  to  the  increased  activity  of  the  sweat-glands. 

(B)    TTnstriped   muscle   generally   I  except  that   of  blood- 
vessels, which  appears  almost  exempt  from  its  action)   is 
thrown   into  contraction  by   stimulation   of  its  peripheral 
nervous  ai)paraliis.     This  is  most  cunspicufnis  in  the  ifites- 
iinc.  resulting  in  increased  peristalsis,   diarrhea  and  colic.  ^ 
It  occurs  imlependently  of  the  central  nervnns  system,  and 
is  al)o1ished  by  atropin  in  the  same  manner  as  the  secretions. 
After   very   large   floses,   the   stimulation    is    followed   by 
paralysis.     An  identical  action  upon  the  stomach  results  in 
Tia\isea.  retching,   and  vomiting,   but  the  effects  i^pon  this 
'trgan  are  much  less  than  those  upon  tlie  intestine.     Of  oth- 
er iinstriped  muscle,  that  (^f  the  bronchi,  bladder,  spleen, 
ond  possibly  of  the  uterus,  is  affected  in  the  same  manner. 
(C)  In  tlie  eye  ^  pilocarpin  produces  miosis  and  spasm  of 
Accommodation  through  stimulation  of  the  motor-oculi  end- 
"Jg"s  and  ganglia,  the  evidence  lieing  the  same  as  in  the  case 
^^    glands.     The  intraocular  tension  is  at  first  raised,  fol- 
">\ved  by  a  more  persistent  fall,  due  \o  the  mttisis.     Large 
'^^s^ics  produce  late  paralysis  of  the  oculomotor  endings,  as 
^'^^where.'"* 

<D)  Pilocarpin,  applied  to  the  frog's  hearty  proditces  stimu- 
[^.tion  of  the  vagus  ganglia  with  follnwing  paralysis.  There 
**  ^l  first  diastolic  standstill,  after  which  the  heart  returns 
^o  Its  normal  rate.  Stinndation  of  the  vagus  trunk  is  now 
n^^^ffective,  but  stimulation  of  the  sinus  produces  stoppage. 
^^^  "is  shows  that  the  en<lings  are  not  paralyzed,  and  t!ie 
?^»~alysis  must  therefore  he  limited  mainly  in  the  ganglia; 
3't:Tiough  most  observers  also  claim  some  affection  of  the 
e*^<iings  in  addition. 

A'ery  large  doses  again  stop  the  heart,  but  since  atropin 

'  CxrrciM  67. 
Old  wlutioDS  of  pilocarpin   may  cause    mjrdnaai*. 
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does  not  remove  this  final  standstill,  it  is  evident  that  it  must 
lie  due  to  direct  ])aralysis  of  the  heart-muscle. 

In  the  excised  mummaiian  heart  {  Hedbom-Langendorfif) 
the  action  is  the  same,  but  the  stage  of  vagus  stimulation  is 
short :  the  rate  is  suddenly  slowed ;  this  lasts  but  a  short 
time:  then  there  is  marked  quicke;iing  with  increased  tonus 
(periplieral  paralysis  of  vagus).  Large  doses  paralyze  the 
muscle. 

In  those  mammals  in  which  the  vagus  is  constantly  acting 
—  e.  g,,  dog  and  man  —  pilocarpin  gives  a  marked  accelera- 
tion of  the  pulse,  with  increased  bloo<l-pressure  (Fig.  57.  B) 
and  later  with  arhythmia.  The  cause  for  this  must  be 
SfHight  in  vagus-paralysis;  but  the  rise  of  blood-pressure  is 
partly  <1ue  to  a  stimulation  of  the  vasomotor  center.     In 
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Fiff.     57. —  Filocariiin,     CarotJ<I     pressure,     dog.     The     action     begins 
shows  sttmulaiion  of  va^ua;  B,  depression  of  vagus. 
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large  doses  this  action  is  followed  by  muscular  slowing  and 
weakening  of  the  licart,  and  consequently  fall  of  pressure. 
This  action,  as  in  the  frog,  cannot  be  removed  by  atropin. 
and  is  on  the  nuiscle  <lircctly.  Tn  rabbits,  a  short  primary  ■ 
vagus  stiiiiidtjtiou  i>recedes  the  phenomena  described  fori 
dogs,  and  makes  itself  felt  by  slowing  of  the  heart  and  fall 
nf  blood-pressure;  this  action  sometimes  occurs  in  man  and 
dog  (Fig.  57,  A).  Small  doses  merely  increase  the  excita- 
bility of  the  vagi. 

(E)    Central  Nervous  System. —  The  action  is  weak  and 
appears   late,   so  that   it   is  entirely  overshadowed  by  the 
peripheral   actions.     The  effects  are  mainly  depressing  (and  _ 
this  applies  to  the  other  groups  of  the  series).     Vasomotor  m 
paralysis  is  a  rather  early  and  prominent  symptom:  it  leads 
to  dyspnea.     Later,  the  respiratory  center  is  also  depressed. 
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Edema  of  the  lungs}  consequent  on  the  weakened  heart  and 
obstruction  of  the  bronchi  by  mucus,  is  a  freqxicnt  occur- 
rence The  motor  centers,  esi>ecially  those  of  the  cord,  show 
some  stimulation  (increased  reflexes,  tremors,  convulsions) 
and  later  paralysis. 

Metabolism. —  Pilocarpin  sotnew  liat  increases  CO2  pro- 
duction and  tends  to  raise  the  temperature,  even  in  curarized 
animals*  i.  c.,  by  direct  stimulation  of  the  glands  and  un- 
stripcd  muscle. 

III.  TOXICOl-OGY. 

The  toxicology'  of  piitxarpin  is  not  very  important.  The 
tymptoms.  which  apply  also  to  muscarin.  begin  with  a  greatly 
increased  secrctir»n  of  saliva,  sweat,  and  tears:  then  nausea. 
profuse  vomiting,  and  painful  diarrhea;  pupillary  contrac- 
tion and  spasm  of  accommtKJation;  pulse  variable  in  rate. 
tcnse»  and  arhythmic ;  palpitation :  dyspnea  with  rales ;  some- 
times confusion  «>f  ideas,  vertigo,  tremors,  and  feeble  con- 
vulsions. Death  occurs  either  by  paralysis  of  the  heart  or 
edema  of  the  lungs. 

t^filowarfj  effects  from  tlie  alimentary  canal  are  seen  most  frequently 
/•  the  dniK  is  Kivcn  by  mouth,  bm  occur  also  on  hypodermic  admin- 
**fration.  They  consist  in  very  prolonged  and  t1eprc:jsing  nau.sca  and 
'^'>fnitiinf.  sometimes  leading  to  collapse.  The  disturbance  of  accom- 
■^.^•^^lion  causes  misty  vision.  A  burning  sensation  in  the  urethra, 
'■^th  i^udden  and  irrcsisiible  desire  to  urinate,  is  often  observed. 

^^Tcatmcnt. —  Alropin  is  a  physiologic  antidote.  Other- 
*'&e  the  general  treatment  of  alkakiidal  poisoning.  For 
'^^t^ria  medica  and  thcrai>eutic  uses,  see  end  of  chapter. 

(F)  CURARE  GROUP.s 
t,  MEMBERS.  DERIVATION.  AND  COXSTITrENTS. 
*he  most  characteristic  action  of  curare  —  the  paralysis 


^'   the  nerve-endings  in  striped  muscle  —  is  possessed  by 

"^^^y  poisons.     The  curare  action  is  indeed  so  widely  dis- 
led  that  it  may  be  looked  upon  as  a  peculiar  expression 


fatigue  or  as  a  sign  of  injury  to  these  endings. 


J    by    the    tlruRB    of    tM?    «cric*    consist*    rather    In     the 

rfiiiftion.  than  in  a  true  8crnu»  cflFusion.     Injury  to  (be 

factor  for  the  latter. 
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Among  the  most   important  poisons  possessing  this  action  are  tl 

following: 

Certain  ammonia  bases,  amids  and  amins,  cholin,  muscarin,  etc 

Methyl-slrychntn. 

Aroniaiic  series:    Pyridin,  quinolin,  thallin. 

Nicotin  series,  piperidin. 

Coca  in. 

Camphor  in  frogs,  but  not  in  warm-blooded  animals. 

Certain  putrefactive  ptomains. 

Products  of  muscle  metabolism. 

Tlie  curare  action  of  many  of  these  dnigs  can  only  be  demonstrated 
in  frogs,  lieing  obscured  by  other  actions  in  mammals.  These  are 
not,  therefore,  incUided   in  the  curare  group. 

Curare  is  derived  from  ihc  root-harw  nt  South  American  plants  of 
the  genus  Strychnos.'  It  is  prc(Kircd  by  the  Indians  as  an  arrow  poi- 
son. The  different  samples  which  find  Ihcir  way  into  commerce  prob- 
ably have  quite  a  different  cnnstitntion.  Thry  are  called  Ticnna*. 
Woorara,  and  Curare.  Certain  of  them  are  also  said  to  contain  snake 
venom,  but  this  appears  to  be  erroneous.  All  these  samples  lose  i 
great  deal  of  their  activity  in  time,  especially  if  moist,  and  commercial 
curare  is  a  most  unreliable  drug. 

The  constituents  var>'  with  the  origin  and  also  with  the  length  of 
time  during  which  the  drug  has  been  kept.  They  are  alkaloidat  in 
nature.     The  most   important  are: 

Curarin. 

Protocurarin, 

Tubocurarin. 
They  decrease  in  activity  in  the  above  order,  the  curarin  being  the 
strongest.    Curarin   is   related   chemically   to   strychnin,   and   these  iwo 
alkaloids  also  agree  in  some  of  their  side-actions. 

11.  SUMMARY  OF  ACTIONS. 

1.  Paralysis  t)f  tlie  nerve  endings  in  striped  iniiscles. 

2.  Later,  paralysis  of  the  nerve  endings  aroimd  sympa- 
thetic ganglia  (vasomntor  and  vagus). 

3.  With  very  large  ddses  a  direct  depression  of  the  irrita- 
bility of  the  muscle  stihstance.^ 

4.  Under  special  conditions  a  strychnin-like  action  on  the 
centra]  nervous  system. 

in.  DETAILS  OF  ACTIONS. 
1.  Paralysis  of  Muscle-nerve  Endings. —  Ordinarily  the 
only  symptoms  of  "curare"  fV)isoning  consist  in  this  pa- 
ralysis. -When  the  curare  is  introduced  under  the  skin,  it 
causes  a  total  loss  of  motion,  first  of  the  voluntaPr'  and  that 
of  the  respiratory  muscles.  The  order  in  which  this  dis- 
turbance appears  is  the  following  :^ 

'  T(  w-ns  first  hrouifbt  to  Europe  from  Cxiyana  by  Sir  W.  RalciRh  in  I50>.t^— 
'Some    vuhiitance*    with    curarraciton    increase    the    direct    c«ciiab»llir    of   '"^^ 

mu«c1e«   l)ut    this   i«    not    the   caw    with   curare   itself.  «i^« 

■The    musclM    which    are    leant    affected    bv    cnrare    are    tho»c    which   «5™^ 

the    largcAt    amount    of    utilizaWe    oxygen,    and    survive    longest    after    ihe   <J«*^ 

of    the    animal.     This    supply    of   oxynen    accounts,    probably,    for    the    le**«  *<^^ 

ceptibtlity    to    the   deDre«tnfi    action    of    curare. 
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(a)  Short  muscles  of  the  toes,  ears,  and  eyes. 
(6)  Limbs,  head,  and  neck. 
(c)  Respiration. 

The  heart  is  not  affected  except  with  very  much  larger 
doses. 


Th<  first  sign  of  curare  action  consists  in  incapacity  for  sustained 
effort  on  repeated  stimulation  of  the  nerve:  i.  c,  wnereas  a  single 
contraction  is  normal,  fatigue  sets  in  more  readily  than  usual.  Then 
the  height  of  conlractian  is  somewhat  lowered.  Then  the  current 
must  he  strengthened  to  obtain  any  response;  and  finally  even  the 
strongest  stimulation  —  of  the  nerve  —  is  ineffectual. 

It  IS  evident  thai  some  structure  is  paralyzed.     The  paralysis  might 
tiavc  i!5  scat  in  any  part  of  the  central  nervous  system  or  it  might  be 
peripheral.     Stimulation  of  the  sciatic  does  not  produce  a  contraction 
if  the  dose  has  been   suflficient.    The  point  of  attack   must,  therefore, 
te  peripheral   lo  the  sciatic  nerve.     Ihis  leaves  the  nerve-trunk  itself, 
thp  nerve  endings,  and  the   muscle-fibers.     Stimulation   of   the  muscle 
'i'Ttly  is  effective,  so  tliat  this   is  excluded.     To  decide  between  the 
■u  trunk   and    nerve   endings.    Bernard   in   his   classical    experiment 
'        !  J  ligature  around  the  IxKly  of  a  frog,  with  the  exception  of  the 
ner\'cs.  and  tightened  the  ligature  so  as  to  entirely  exclude  the 
.'■-.:  extremities   from  the  circulation.     He  then   injected   the  curare. 
'"  ihij  manner  the  peripheral  portions  of  the  sciatic   nerves  and  the 
'"rfiriKS  did  not  come  into  contact  with  the  curare  and  the  nerve-trunk 
*»»     alone  exposed   to   the  poison.     He   found   that   stimulation   of  the 
'rtuilc  caused    normal    contraction,    consequently    that    curare    had    no 
action  on  it.  thus  leaving  only  the  endings  (Exercise  42). 
.  TT^c  experiment  can    be   performed   in   a   much   simpler   manner   by 
''<at  tiring  one  leg  exclusive  of  the  nerve,  or  by  placing  the  muscle  of 
'w^    And  the  nerve  of  another  muscle-nerve  preparation  mto  the  solu- 
tion, 

T"^i«  paralysis  does  not  affect  the  sensory  nerves.  The  reports  of 
a^^y  travelers  who  describe  poisoning  by  curare-arrows  mention  thai 
'W^^AIion  is  not  impaired  when  motion  is  entirely  impossible.  Bernard 
jIso  ^tiwiied  this  action  directly  on  ihc  frog.  He  ligatured  one  leg 
witH  thr  exception  of  the  sciatic  nerve,  injected  the  poison,  and  applied 
th*  stimulus  to  one  of  the  upper  extremities.  This  caused  a  reflex 
mciv'tnicjit  of  the  ligatured  leg,  which  would  not  have  been  the  case 
^   ihc  sensory  endings  of  the  foreleg  been  paralyzed. 

In  cold-bloode<l  animals  in  which  the  respiratory  exchange 
taVes  plicc  largely  through  the  skin,  and  respiratory  move- 
t^ci^ts  arc  unnecessar>\  the  poison  is  gradually  eliminated 
iJ^lieniuTnal  be  kept  in  a  moist  atmosphere.  Complete  re- 
pAfT)'  (<curs  after  eight  to  ten  days,  except  when  the  dose 
^s  extremely  large,  in  which  case  other  factors  come  into 
play. 

W»nn-bWKled  animals  die  of  paralysis  of  the  respiratory 
"iiscltt.    If  artificial  respiration  be  kept  up  and  the  dose 
'bwn  only  just  large  enough  to  produce  a  paralysis,  they 
also  recover. 
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The  recovery  of  the  respiraiory  muscle  begins  immediately,  whilst 
the  sciatic  endings  require  several  hours.  The  effect  of  the  curare 
Increases  progressively  with  the  dose :  it  is  as  if  an  increasing  resistance 
were  gradually  introduced  between  the  nerve  and  the  muscle. 

The  scat  of  the  respiratory  paralysis  is  also  peripheral,  for  stitna* 
lation  of  the  phrenic  nerve  does  not  cause  contraction  of  ihc  dia-' 
phragm. 

The  respiratory  paralysis,  if  it  is  not  too  profound,  is  promptly  re- 
moved by  physostigmin;  stimulation  of  the  sciatic  also  becomes  effec- 
tive again.     It   cannot   be   decided    whether   this   restorative  action  of  « 
ihc   physostigmin   is   on   the   endings   or  on    the  muscle    (Rothberger,  ■ 
rgoi).'  ' 

Curare  paralyzes  the  temperature-nenvs  of  the  muscles,  as  well  as 
the  motor  nerves,  so  that  cocain.  e.  g„  cannot  raise  the  tempcraturt 

The  muscular  paralysis  lowers  the  metabolism.    It   is  claimed  that 
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Fig*.      «6. —  Curare.      Carotnl      pressure,      iJofc.      'Vat     action      begini     at 
There    is    nrst    a    fall    of   blood    prnsure.    due   to   vasoconstrictor    depre«Jor: 
ondarily    a   ri»e   aud   quickening,    due    to    vagus   depression.     Stimulation   o(  oc^ 
%  is  eScctual,  but  wcaJc     Stimulation  of  sciaUc  1  causes  rise  of  pressure  alttut 

the  skeletal  muscles  are  completely  parslyzcd. 


this  diminution   is   far  more  conspicuous  in  Ihc   nitrogen,   than  in  ll^ 
carbon-metabolism. 

2.  Larger  doses  paralyze  the  nerve  endings  around  the  sympathH" 
ganglia,  such  as  the  vagus,   vasomotor,  salivary,  pupillary,  elc. 

Stimulation  of  the  vagus  then  usually  only  slows,  but  does  not  stc 
the  heart  (Fig.  58.)  At  this  stage  the  pupil  is  little  affected;  bl< 
it  is  dilated  (paralysis  of  oculomotor?).  The  heart  is  quickened  a('' 
a  slight  primary  slowiti^    (nicotin-likc  stimulation?). 

.1.  Effects  on  the  Circulation.— If  artificial  respiration  i?  roai 
tained,  the  first  effect  uf  curare  on  the  circulation  consists  in  a  H 
of  blood-pressure,  due  to  peripheral  vasomotor  depression.  This 
soon  accompanied  by  quickened  heart  heat,  from  depression  of  tl 
vagus  ganglia..  The  depression  docs  not  readily  pass  into  paral.vsi 
50  that  stimulation  of  the  vagus  or  sciatic  is  still  effective:  indeed,  tt*' 
vasomotor  reflexes  may  be  increased,  through  the  central  action 
the  curare.  These  effects  on  the  circulation  do  not  appear  to  laM 
long  as  the  effect  on  the  voluntary  muscles;  they  are  indeed  so  smal 
that  they  do  not  seriously  interfere  with  the  employment  of  the  dn 
in  experiments.  The  main  objection  which  may  be  urged  against  tfi^| 
latter  is,  that  it  does  not  produce  scnsor>'  paralysis,  whilst  the  abfienf^ 
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of  Mrugglinff.  etc.,  might  cause  the  inexperienced  operator  to  neglect 
a  proper  enforcement  of  other  means  of  anesthesia. 

An  increase  of  feristalsis  is  often  olwerved,  but  is  probably  due  to 
asphyxia;  so  also  are  any  changes  in  metabolism  and  largely  the 
glycosuria. 

4.  Central  Nervous  System. —  When  curare  is  applied  directly  to 
ihc  spinal  cord  it  causes  lypical  strychnin  cotiz'ulsions.  With  ordinary 
methods  of  admmtstration  these  arc  masked  by  paralysiti  of  the  nerve 
endings.  Certain  samples,  however,  cause  strychnin  convulsions  be- 
fore the  typical  curare  action  appears. 


IV.  REASONS  FOR  INACTIVITY  OF  CURARE  WHEN  GIVEN 
BY   STOMACH. 

The  effects  of  curare  are  nbtained  only  if  it  is  introduced 
under  the  skin  or  into  the  circnlatinn.  tioi  if  hitrodiwctf  into 
tlw  stovtacli.  The  experiments  on  the  achiiinistration  of 
curare  by  the  stomach  have  shown  that  — 

1.  It  is  not  destroyed  by  the  gastric  juice,  pancreatic 
juice,  or  saliva. 

2.  It  passes  very  slowly  through  the  walls  of  the  stomach 
when  the  epithelium  has  been  killed,  and  not  at  all  if  the 
epithelium  is  still  living.  (It  will  !>e  renieuihere<l  also  that 
str\xhnin  is  not  absorbed  by  tlie  stoniacli  in  rabbits. ) 

3.  It  is  to  a  large  extent  lixe<1  nr  destroyed  by  tlie  liver, 
for  it  is  much  less  active  when  injected  into  the  portal  than 
into  the  jugular  vein.  It  is  also  destroyed  itt  vitro  by  ox- 
bile,  and  by  bacteria. 

In  frogs  the  liver  is  the  main  agent  in  the  disintoxication:  in  nor- 
mal aninialB  fifty  limes  as  much  curare  is  required  by  month  as  hypo- 
def mically ;  the  difference  disappears  completely  if  the  hvcr  h  excised; 
4ige5li0D  of  curare  with  liver  substance  destroys  its  activity. 

4.  It  is  very  rapidly  excreted  unchanged  in  the  urine. 

In  mammals  the  inactivity  of  curare  by  the  mouth  is  <lue 
partly  to  its  destruction  by  the  bile  and  bacteria;  but  mainly 
tr>  the  capacity  for  absorption  being  less  than  the  capacity 
for  its  destruction  or  excretion.  If  the  renal  vessels  are 
tied.  pois<jning  occurs  quite  readily  even  when  it  is  taken 
by  the  stomach.  If  very  large  rlr»ses  are  taken  on  an 
empty  stomach,  sufficient  may  be  absorbed  to  cause  symp- 
toms. 

V.  TOXICOLOGY 

The  toxicology  of  curare  itself  is  at  the  present  time  of 
very  little  importance.     The  s\Tnptoms  have  been  sufficiently 
discussed  and  consist  of  paralysis.     In  some  cases  in  which 
I— 17 
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it  seems  to  have  paralyzed  the  respiratory  center  before  the 
muscles,  it  has  given  rise  to  asphyxia!  convulsions  (or  per- 
haps these  were  clue  to  strychnin  action). 

Certain  ptomains  also  exhibit  a  similar  action. 

The  physiologic  treatment  would  be  the  maintenance  of 
artiftcial    respiration    until    the   poison    has   been   excreted 
Physostigmin  may  be  used.     The  Indians  use  salt  on  the 
wound.     This  may  be  useful  on  accnunt  of  the  retlex  stimu- 
lation which  this  causes  when  applied  lo  an  ojjen  surface. 

VI.  THERAPEUTICS. 

Curare  is  a  laboratory  drug.  It  is  of  high  importance  in  technic  to 
immobilize  an  animal  without  producing  any  change  in  the  circulation. 
It  is  aUo  very  useful  when  it  is  desired  lo  investigate  tlie  properties 
of  muscle  exclusive  of  its  nerve  endings,  etc. 

Its  therapeutic  application  is  still   largely  experimental  and  not  very 
promising.     It  has  heen  suggested  to  combat  the  convulsions  of  slrydi- 
nin,    tetanus,   and   hydrophobia.     It    is  certainly    quite   possible   to   sup- 
press   the    spa.smodic    condition    by    sufficiently    large    doses.     Unfor- 
timately,  however,  it  h  impossible  to  secure  this  without  at  the  same 
time  paralyzing  respiration.     This  latter  may,  theoretically,  be  counter- 
acted   by   artificial    respiration,    but    this   prolonged    manipulation    is   iti 
itself  injurious.     On  the  other  hand,  minimal  doses  may  be  considered 
useless,  and,  indeed,  as  has  been  i>ointed  out,  even  if  the  spasms  could 
be  suppressed  without  affecting  the   respiration,  this  would  not  be  «n 
ideal   treatment   for  strychnin.     In   wcll-choscn  cases,   however,  curare 
may    be    the    means    of    saving    life.     ConvnUions    certainly    tend   to 
heighten   fatigue  and   paralysis  of  the  medullary   centers,   and  if  in  « 
case   in   which   the  degree   nf  poisoning  Jusi   exceeded  the  lethal  Itmit 
by    a    very    little,    a    minimal    amount    of    curare    were    injcctcil.  tliii 
might,    perhaps,    reduce    the    spasm    sufficiently    to    turn    the   scale,  or 
somewhat  larger  dose<  might  be  given  which  would  require  some,  but 
not    very    much,    artificial    respiration.    This    has    actually   been   done. 
and  in  desperate  cases  curare  is  worthy  of  a  trial;  hut   in  addition  to 
the  other  objections   come   the   very   uncertain   quantitative   effects,    1*. 
would   only   be   justified   to   work   with    tested   samples,   and   these  are 
very   rarely  accessible   when  needed. 

Administrafiou.—  'VhQ  drug  -ihould  be  given  hypodcrmicatly.  ""JJ? 
per  kilo,  of  patient  Vw  the  fatal  dose  dctennined  per  kilo  of  doK:  ^^ 
being  prepared  for  artificial  respiration  and  physostigmin.  Ciiranrt. 
if  pure,  would  give  an  exact  substance,  in  the  dose  of  s  mg  hyp** 
dermically.  The  reliability  of  the  alkaloid  is,  however,  open  to 
doubt. 

(G)  NICOTIN  GROUP. 
1.  MEMBERS. 

The  group  comprises  nicotin.  the  active  alkaloid  of  tobacco,  ana 
pitunn.  a  very  similar,  if  not  identical,  alkaloid,  derived  from  Puhoiti^ 
Hopxvoodii.  which  i-;  chewed  by  the  natives  of  Australia  as  tobacco. 
The  action  of  lobelin  is  also  very  similar. 

Although  nicotin  forms  the  only  important  ingredient  of  tobsew 
or  its  '^mokc.  its  action,  when  used  habitually,  pre<icnts  snfficiem  differ- 
ence to  entirely  separate  it  from  the  acute  action. 


NICOTIN- ACTIONS. 


(A)   Acute  Action  of  Nicotin   (and  Piturin). 

This  bears  the  greatest  resemblance  to  that  of  pilocarpin,  with  the 
following  exceptions: 

The  cffccis  upon  the  central  nervous  system  are  more  marked  and 
arc  mainly  depressing. 

In  glands  and  nnstriped  muscle,  it  paralyzes  the  ganglia  exclusively; 
its  action  upon  the  eye  shows  some  differences. 

It  has  a  curare  action  on  muscle  endings. 

II.  SUMMARY  OF  ACTIONS. 

1.  Depression   of  the  central  nervous  system,   preceded 
►y  short  stinuilation. 

2.  A  slinmlatton,  and  more  lasting  paralysis,  of  sympa- 
thetic ganglia  in  all  situations. 

3.  A  cnrare  action  upon  skeletal  nniscle  endings,  also 
precedeil  by  simulation. 


ITT.  DETAILS  OF  ACTION. 

1.  Central  Nervous  System — Stimulation,  folloNved  by  de- 
pression, of  the  whole  cerebrospinal  axis,  from  above  down- 
ward. The  symptoms  from  large  doses  resemble  those  of 
asphyxia  or  hydrocyanic  acid.^ 

The  «ltmuIaiion  may  be  entirely  absent,  especially  in  large  doses,  so 
tViat  the  animal  may  drop  dead  almost  instantaneously,  without  any 
oth«  symptom,     But  this  is  not  common. 

Th«  effects  of  «imall  doses,  such  as  arc  noticed  in  the  first  attempt 
it  smoking,  will  be  discussed  later. 

In  mammals,  moderate  doses  act  mainly  on  the  hemispheres,  pro- 
<lwing  transitory  excitement,  followed  by  lasting  depression,  with 
violtnt  headache.  (In  frogs,  ihe  action  on  the  cerebral  centers  seems 
to  be  vcrj'  small,  for  the  effects  are  the  same,  whether  the  hemispheres 
«c  inuct  or  removed. ) 

The  action  on  the  medullary  centers  is  markt'il  and  violent :  the 
^ftp'trauon  j^  at  fir<t  increased,  and  then  markedly  depressed:  parnt- 
y*i«  of  the  respiratory  center  being  the  cause  of  death.  The  vaK"S 
^  ^'asomotor  centers  are  also  first  stimulated,  and  then  paralysed, 
•nt  _<alivition  and  vomiting,  which  are  so  prominent  with  moderate 
n«"otin  intoxication,  are  probably  also  in  part  dtie  to  medullary  siimu- 
Uition. 

iP**  action  on  the  spinal  cord  consims  in  strong  stimulation  r^f  motor 
™K  producing  convulsions,  passage  of  feces  and  urine,  etc  If  the 
™*^i  '5  applied  to  one  part  of  the  cord,  the  convulsion'^  remain 
confined  („  ^^e  muscles  inner\*ated  from .  thi-i  area  (difference  from 
l^iTdinin,  which  acts  on  the  sensory  cells).  The  stimulation  is  fol- 
lo*ffJ  by  paralysis. 

•''<  ipinal  ganglia  are  not  affected,  even  when  a  1%  solution  of 
'^hnin  is  applied  directly  to  them. 

'^rrriw    24. 
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The  nicotin  convulsions  arc  not  seated  exclusively  in  the  spinal 
corcl»  but  involve  the  hind-hrain  and  medulla  as  well.  They  are  much 
weakened  by  anesthesia. 

2.  Peripheral  Actions. —  The  peripheral  effects  of  nicotin 

resemble  tliose  <>f  piliKarpin  ;  however,  the  action  is  confinetl 
to  the  g^an{2:lia;  and  the  stimulation  is  succeeded  promptly 
by  paralysis. 

From  the  situation  of  tlie  nicotin  actions,  it  follows  that  they  can 
be  removed  hy  atropin  or  nniscarin.  but  that  the  latter  arc  quite  unaf- 
fected hy  nicotin.  The  nicotin  effects  can  be  secured  very  efficiently 
by  local  application  to  the  ganglia.  U  the  preganglionic  fibers  have 
degenerated  (7  to  26  days  after  section  of  the  nerve),  nicotin  is  still 
active,  so  that  it  must  act  upon  the  ganglion -eel  Is  themselves  (Langley. 
1901). 

(o)  .Action  on  the  Circulation. —  The  efTects  arc  shown  in  Fig.  59. 


I 


I 
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Fir.  $9'—  Nicoiin.  Carotirf  pressure,  doR.  The  effect  beftins  al  y.  The 
beats  Tint  become  weaker;  then  very  alow  and  atrun^  (vaK"*  stimulattofi). 
with  progresaivt  rise  of  hlnuil  iircMurr  (vaiuiconstrtcTor  alimulatiiin).  Suddenly 
ther  become  very  rapid  nnd  consequently  imatler.  The  total  work  of  the  heart 
it  unchanited  and  consequently  tlic  pressure  remains  hifcH;  but  the  vaaocon- 
Btrictors  becoming  paralyzed,  the  pressure  soon  falls.  Later  the  hcart-muaclc 
also  becomes   weakened,   as   shown   by   the  small    beats. 

and  explained  hy  Vig  60.  The  heart  is  first  greatly  slowed,  from 
central  and  ganglionic  vagus  stimulation.  At  the  same  time  the  blood- 
pressure  begins  to  rise,  from  central  vasomotor  stimulation.  Quite 
suddenly,  the  slow  heart-beat  is  replaced  by  great  quickening  (paral- 
ysis of  the  vagus  ganglia  ').  The  blood  presstire  may  be  very  high:  but 
as  the  vasomotor  ganglia  l)ecomc  more  and  more  depressed,  the  ves- 
sels.l>econie  dilated  and  the  pressure  falls.  The  dilation  can  be  plainly 
seen  in  the  intestinal  vessels  or  the  rabbit's  car.  The  vasomotor 
ganglia  are  not  readily  paralyzed  completely,  so  that  direct  or  reflex 
stimulation,  or  a  second  injection  of  nicotin.  again  cause  a  short  con- 
striction. The  heart  muscle  eventually  wears  out,  mainly  because  of 
the  lowered  coronary  pressure.  The  direct  action  of  nicoiin  on  the 
myocardium  fas  seen  in  excised  hearts)  seems  to  increase  its  irritabil- 
ity, so  Uiat  it  beats  a  longer  time  after  death;  but  many  experimenters 
differ  from  this  view. 

'According    lo    Kose     (190$^     this    necnndary    acceleration    also    involves    an 
accelerator    stiroulaiion,    which    possca   finally   into  paralysis.     Tbcac    actions 
to  be   ffanftlionic- 
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;ft>  Action  on  Unstriped  Muicle.—  Nicotin  acts  on  all  unstriped 
ttusclg,  paralyzing  the  ganglia  after  a  brief  stimulation;  the  tone  of 
iKpiuscl^s  is  lowered.  This  applies  to  the  uterus,  bladder,  etc.,  but 
^Krincipal  action  i«>  on  the  alittwntary  canal.  The  peripheral  effects 
l^^bc  concerned  in  the  nausea  and  vomiting,  but  these  are  doubtless 
largely  central.  Nicotin  alsu  induces  a  violent  l>cristiilsis,  and  even 
tetanic  contraction  of  the  intestine.  This  is  almost  purely  of  peripheral 
origin,  iur  il  occurs  also  in  excised  intestine.  It  is  immediately  abol- 
ished by  atropin.  It  must  therefor  be  referred  to  a  persistent  stimu- 
Ution  of  the  ganglionic  cells  of  Meissner's  and  Auerbach's  plexus. 
At  the  same  time,  stimulation  uf  the  splanchnic  and  vagus  becomes 
ineffective,  so  that  the  ganglia,  which  are  intercalated  between  these 
ntrves  and  the  mlcstine.  are  paralyzed  by  the  nicniui. 

K)    The  pupil   shows    both   contraction   and    dilatation    at   different 
K  nicotin  acting  upon  the  ganglia  of  both  the  oculomotor  and  sym- 
etic    fibers.     There    may    even    be    a    direct    action    upon    the    iris 
mubcle.    The   effect   is   different    in   different   animals:     The   dog   and 
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Fig.  60. —  Piagram   of  the  .iciions  of  nicotin. 
1y  show  dilatation ;  the  rabbit  first  constriction  and  then  dila- 

'")  The  general   remarks   already  made   suffice  to  define  its   action 
^  Uif  glands. 

''•  Action  on  Skeletal  Muscles.*— These  show  at  first  fibrillary 
hich  disappear  after  the  section  of  the  nerves,  but  are 
by  short  stimulation  of  the  ncr\'e  or  muscle.  They  are 
j'liUti  by  curare,  and  must  hence  have  their  seat  in  the  endings 
^1  a*  in  the  central  ner\'ous  system.  These  twitchings  are  fol- 
typical  curare  paralysis. 

milder  stages  this  is  shown  by  an  equally  strong,  or  stronger, 
iWing  frquircd  to  obtain  contraction  when  the  stimulus  is  ap- 
ihc  nerve  than  when  it  is  placed  on  the  muscle.     In  the  nor- 
iration  the  opposite  is  the  case, 

:itabi1ity  and  irritability  of  the  muscle  cells  is  also  dimin- 
nicotin. 
%hows  a  further  agreement  with  curare  in  its  effects  upon 
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tlie  ganglia.  Curare,  of  course,  acts  more  upon  muscle,  ntcotin  upon 
ganglia. 

Applied  directly,  strong  iiicotin  solutions  also  paralyze  the  nerve- 
fibers. 

In  linvcr  onimah  the  degree  of  toxicity  of  nicotin  is  determined 
mainly  by  the  development  of  their  central  nervous  system. 

Free  niculin  is  caustic  on  account  of  its  alkalinity. 


IV.  TOXICOLOGY. 

I.  Toxicity, —  Nicotin  is  one  of  the  most  fatal  and  rapid  of  poisons; 
the  vapor  arising  frorn  a  glass  rod  moistened  with  it  and  brought  near 
the  beak  of  a  small  bird  causes  it  to  drop  dead  at  once,  and  two  drops 
placed  on  the  gums  of  a  dog  may  cause  a  similar  result.  The  fatal 
dose  for  a  man  is  nhout  60  mg. ;  of  tobacco,  about  2  Cm.  It  acts  with 
a  swiftness  only  equaled  by  hydrocyanic  acid.  And  in  view  of  the 
high  nicotin-conlcnt  of  tnbaccn  (one  cigar  contains  a  quantity  of  nico- 
tin which  would  prove  fatal  tii  two  persons,  if  directly  injected  into 
the  circulation),  also  because  of  its  piipnlar  distribution,  it  appears 
astonishing  that  fatal  nicotin-poisoning  is  not  more  common:  but  just 
this  wide  distribution  and  knowledge  of  the  drug  form  the  safeguard, 
as  also  the  marked  taste. 

Most  cases  of  poisoning  —  outside  of  the  slight  onc<!  from  first  at- 
tempts at  smoking  —  have  been  produced  by  its  medical  application, 
especially  by  the  laity;  and  since  this  has  l>cen  largciv  abandoned,  se- 
rious acute  nicolrn-poisoning  has  become  very  rare.  It  must  be  men- 
tioned here  that  the  application  of  tobacco  to  wounds  or  bruises  is  not 
without  danger;  .since  nicotin  is  volatile,  it  is  absorbed  from  all  sur- 
faces, even  from  the  intact  skin,  and  fatal  cases  from  this  cause  arc 
recorded. 

2.  SymptomB. —  In  lighter  cases,  such  as  commonly  occur 
in  smoking,  the  ])criplieral  actions  predominate.  There  is 
first  an  increased  flow  of  saliva,  partly  rcflcxly  throug^h  the 
mechanical  irritation  of  sm^^kc,  but  mainly  by  direct  stimti- 
lation  of  the  ganglia  through  the  nicotin.  Nausea,  vomit- 
ing, and  diarrhea  soon  appear.  The  sweat-glands  arc  also 
aflfected  in  a  peculiar  tnanner:  There  is  a  sensation  of  on- 
coming sweat,  which  does  not  actually  break  out.  A  sensa- 
tion of  exhaustion  appears  ver\^  early  —  partly  as  the  result 
of  nausea,  but  mainly  as  the  first  indication  of  central  col- 
lapse action.  Palpitation  is  also  noted.  Then  come  mus- 
cular incoordination,  convulsions,  and  collapse. 

The  effects  of  poisoning  with  pure  nicotin,  which  have  been  very 
carefully  studied  experimentally  nn  man.  bear  the  greatest  resemblance 
to  the  above.  After  1  to  4  mg.  there  were  burning  in  the  mouth,  a 
scratching  sensation  in  the  pharynx,  increased  salivation,  a  sensation 
of  heat  spreading  from  the  region  of  the  stomach  over  the  whole 
body:  excitement  with  headache  now  appeared,  then  vertigo,  confu- 
sion, disturbed  vision  and  bearing,  photophobia,  dryness  in  mouth,  cold 
extremities,  nausea,  vomiting,  and  diarrhea.  Respiration  quickened, 
but  difficult.     Pulse  at  first  increased,  then  irregular.    After  forty-five 
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lutcs   ihcre   was   syncope,  with   clonic   spasms.    Recovcr>*  occurred. 
but  a  general  depression  persisted  for  three  days. 


H 


3.  The  treatment,  aside  from  the  chemic,  consists  of  cof- 
fee and  other  stimulants  and  in  meeting  the  symptoms. 
Emetics  will  usually  not  be  necessary. 

4.  The  postmortem  appearances  are  not  characteristic,  al- 
though large  dr.ses  cause,  in  animals,  anemia  of  the  me- 
ninges and  peculiar  anatomic  changes  in  the  cortical  nerve - 
cells.  When  taken  by  the  mouth,  there  may  be  gastric  and 
intestinal  hyperemia,  since  nicotin  is  sufTiciently  alkaline  to 
be  somewhat  caustic.  The  odor  may  furnish  a  valuable 
indication. 


"<!•  Si.— Nicotin-     Successive  pofilion*  of  frog  poisoned  with  js  mg.  nicutln. 

y>*  proof  of  the  poison  after  its  separation  may  be  had  by  its  odor 
wd  tjf  obiAintng  its  physiolngic  actions  on  frogs  (sec  Exercise  42). 
'w  intiKdIar  Ircmors  and  the  position  which  a  frog  assumes  after 
I  arc  highly  characteristic  (Fig.  61;.  A  control  animal  should, 
'r>r.  be  used 
'^  chrmic  te«tfi  are  of  no  practical  importance,  since  very  similar 
'^Wtorn  are  given  by  coniin  and  by  a  ptomain- 

T"c  excretion  of  nicotin  occurs  mainly  through  the  kid- 
"n*  but  also  through  the  lungs  and  sweat.  Nicotin  is 
^f£<Iy  destroyed  or  fixed  in  the  liver. 

Nicotin  is  very  resistant  to  putrefactiou,  and  has  been 
i^jlated  from  the  decomposed  bodies  of  animals  three  months 
after  death. 
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(B)  Habitual  Nicotinism. —  I.  Chemistry  of  Tobacco- 
smoke. —  The  effects  of  tobacco-smoke  are  due  almost  pure- 
ly to  the  nicotiu  ajntained  in  it.  Tlie  erroneous  statement 
has  been  widely  disseminated  that  the  smoke  was  free  from 
nicotin.  This  view  was  based  mainly  upon  theoretic  deduc- 
tion from  tlie  fact  that  the  nicotin  is  present  in  tobacco  in 
the  f(*nTi  of  a  comparatively  fixed  salt.  It  was  believed  that 
the  alkaloids  in  this  form  were  burned  by  the  heat  of  smok- 
ing. More  exact  recent  researches  have  shown  that  under 
the  conditions  existing  in  smoking,  the  heat  rises  sufficiently 
high  to  set  ilie  nicotin  free  from  its  salt,  yet  not  high  enough 
to  destroy  it  completely. 

The  effects  of  smoke  upon  frogs  arc  precisely  those  of  the  nicoiin 
contninecl  in  it.  The  drier  the  tobacco  and  the  greater  the  heat,  the 
less  nicoiin  will  escape  destruction.  Moist  tobacco  produces  ibercfor 
the  grcjiler  effects.  In  experiments  something  like  15  to  62%  of  the 
nicotin  present  in  the  tobacco  are  recovered  from  the  smoke;  bt»  a 
greater  part  of  this  is  exhaled  or  expectorated;  in  natural  (inter- 
mittent *  smoking,  the  aspirated  smoke  contains  only  a  sixth  of  the 
nicotin:  this  explains  why  a  cigar,  containing,  as  has  been  said,  nico- 
tin sufficient  to  kill  two  men,  were  it  directly  injected,  has  so  com- 
pjirativcly  small  an  effect.  But  even  smoking  may  have  a  fatal  reiult 
if  a  sufficient  quantity  of  tobacco  is  consumed.  There  are  no  dati 
concerning  the  percentage  of  nicoiin  in  chewing  tobacco. 

Tobacco  smoke.  Iiowever,  does  contain  a  number  of  active  substanca 
other  than  nicotin.  especially  the  combustion  products  of  the  alkaloids 
and  protcids:  pyridin,  picolin,  quinolin:  HCN  and  CO.  The  action  «f 
the  first  three  bases  resembles  that  of  nicotin  quite  closely.  (Pyridin 
is  strongly  irritant;  it  has  been  used  as  inhalation  (10%  by  atomizer) 
in  the  treatment  of  asthma  and  fetid  bronchitis.)  Whilst  all  these 
-substances  are  toxic,  their  quantitv  i<  too  *.mal!  to  have  any  seriotB 
etTcct:  /  r..  the  HCN  in  the  smoke  of  a  cignr  amounts  only  to  aw 
to  as  nig.  However,  if  a  large  number  of  persons  smoke  in  a  eon- 
fined  atmosphere,  the  carlK»n  monoxid  in  the  air  of  the  uyom  may  n«e 
to  a  dangerous  degree.  The  aromatic  essential  oils,  which  give  the 
flavor  to  tobacco,  are  practically  inactive. 

Arsenic  is  sometimes  present  in  harmful  quantities  when  Paris-green 
hi&  been  used  on  the  plant  as  an  inseciicide- 

Howcvcr.  the  oils  and  bases  aid  the  nicotin  to  produce 
certain  Uwai  cffiXts:  the  biting  sensation  on  the  tongue. 
noted  especially  when  the  smoke  is  concentrated  on  one 
point,  as  in  pipe-snioking.  This  constant  local  irritalion 
alstt  seems  to  favt»r  the  development  of  epithelioma.  There 
is  also  a  more  gmeral  irTilati«>n  of  the  mucous  membrane 
of  the  momh.  thniai,  and  phar>'nx.  leading  to  catarrh  and 
hoarseness.  But  these  resiihs  follow  only  when  the  quan- 
tity consumeil  is  ver\'  lai^  or  the  smoker  specially  dis^ 
posed. 


I 


I 


I 
I 


NICOTIN-HABIT. 


265 


II.  General  Effects.— The  question  of  the  effects  of  smoking  has 
been  largely  discussed  with  a  rather  unscientific  extremeness,  some 
contending  thai  it  is  entirely  harmless  when  moderately  used:  whereas, 
on  the  other  hand,  an  enthusiastic  French  writer  has  gone  so  far  as 
to  attribute  the  defeat  of  his  nation  in  the  war  of  1870  to  the  prev- 
alence of  cigarette  smoking.  Of  the  two  views,  the  former  would 
seem  to  come  nearest  the  truth  if  the  s-iress  is  laid  upon  the  word 
"  moderate  " 

Since,  next  to  caffein.  nicotin  i?  the  alkaloid  most  widely  used,  an 
impartial  discussion  of  this  question  is  important. 

I.  ToUranctr  and  Habituation. —  The  cjuanlitative  effects  of  nicotin 
vary  considerably  in  different  persons.  7hesc  variations  can  also  be 
observed  on  animals:  young  indniduats  arc  much  more  readily  pois- 
oned than  adults.  It  is  a  familiar  fact  tlwt  a  considerable  degree 
of  tolerance  to  nicotin  is  readily  acquired  by  its  repeated  use.  This 
may  also  be  observed  in  animals  f  Hatcher,  1904)  ;  it  would  seem  that 
the  tolerance  is  much  greater  toward  the  usual  effect  of  small  doses, 
than  toward  toxic  doses.  The  serum  of  habituated  animals  does  not 
protect  others  from  the  intoxication. 

It  is  also  a  common  experience  that  the  degree  of  this  tolerance 
presents  great  individual  variatinns:  VVhiUt  one  person  may  become 
easily  accustomed  to  its  use.  another  may  be  entirely  unable  to  over- 
come the  trial-stage,  and  others  must  be  careful  not  to  exceed  a  very 
limited  amount.  This  variability  depends  not  nnly  on  differences  in 
the  susceptibility  of  the  individual,  but  also  upon  the  manner  of  using 
the  drug — whether  or  not  the  smoke  is  deeply  inhaled,  the  saliva  ex- 
pectorated,  etc. 

The  habituation  is  usually  very  rapid,  and  nicotin  loses,  in  moderate 
do^cs.  all  its  usual  acute  effects. 

When  this  immunity  has  once  been  acquired,  the  continued  use  of 
tobacco  williin  a  certain  individual  limit  produces  absolutely  no  un- 
p/m^nt  symptoms ;  but  if  the  limit  be  at  any  time  sufficiently  ex- 
ceeded, the  *iymptoms  of  chronic  poisoning,  presently  to  be  discus*.ed, 
tri^t.  After  a  long  time,  some  twenty  years,  these  symptoms  may 
also,  but  rarely,  occur  in  those  who  have  always  kept  within  bounds. 

Oncc  the  immunity  to  the  usual  acute  action  of  nicotin  has  been 
acquired,  its  use  by  smoking.  chcwiuK.  or  .'■uuffinK  ^irinps  with  it  a 
ccrtam  pleasant  sensation,  which  appears  to  he  entirely  wanting  with 
*he  beginner.  This  is  somewhat  difficult  tn  clLtinc  There  appears  to 
^  a  certain  repose,  which,  whilst  it  neither  directly  affls  nor  hinders 
die  psychic  processes,  leaves  the  mind  free,  and  in  general  raises  the 
"^r's  enjoyment  of  other  pleasures,  or  lessens  his  annoyance  at  the 
*yp^site.  The  experience  of  recent  campaigns  appears  to  show  that 
u"'**  "^  tobacco  enables  soldiers  to  endure  greater  hardship. 
Ho^v  much  of  these  effects  is  due  to  nicotin,  how  much  to  other 
"TIC'S,  we  cannot  say.  It  is  certain  that  the  nicotin  strength  of  the 
'^wcco  is  not  the  determining  feature  of  this  action  —  rather  the 
*'**'^a.  Smoking  in  the  dark  does  not  give  as  much  enjoyment; 
"•Jd  simply  holding  an  unlighted  cigar  in  the  mnuth.  the  chewing  of 
2J'''"  nbiects,  etc..  give  similar,  though  much  weaker,  sensations. 
I"*  iTMth  wnuld  seem  to  be  that  it  depends  upon  a  reflex  stimulation, 
Jton  the  mucous  membrane  of  the  mouth,  nose,  etc.,  in  which  the 
nicotiti  plays  a  part;  and  with  this  may  be  associated  a  direct  action 
^*  tli«  nicotin  upon  the  central  nervous  system,  at  once  stimulating 
ind   depressing. 

•*^?^t»randi   and   Fomaroli    (1905)    claim   that  tobacco-chewing  causes 
a  disiiiict  constriction  of  the  cerebral  vessels. 
J-  Chronic   Intoxication. —  The    symptoms    from    this    are    quite    va- 
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riablc,  but  may  be  briefly  stated  as:  Functional  arkylhmta  of  th^ 
htari.  digestive  disturbances,  depression  of  various  ports  of  the  central 
nerioiu  sysl^•^ti,  and  neuralgias. 

The  first  symptom  to  be  noticed,  the  first  warning,  15  occasional 
palpitation,  the  pulse-rate  being  at  first  quickened  by  depression  of  the 
vagus  ganglia;  if  the  iiicotin  is  continued,  this  becomes  quite  per- 
sistent, but  stop&  upon  withdrawal ;  in  advanced  cases  it  may  be 
necessary  to  continne  the  abstinence  as  long  a5  six  months  or  more. 
In  the  more  advanced  cases,  the  pulse  may  also  be  slowed.  Arhythmxa 
is  always  present.  In  still  graver  cases,  the  quickening  and  arhythmia 
may  be  extreme  and  approach  the  delirium  cordis  Sudden  syncope 
also  occurs.  Respiratory  distress  naturally  accompanies  the  marked 
cardiac  phenomena.  The  effects  upon  the  heart  are  functional,  noi 
organic.  Angina  pectoris  is  so  rare  in  these  subjects  that  it  must  be 
attributed  to  causes  other  than  the  nicotin.  On  the  other  hand,  arterio- 
sclerosis appears  to  be  favored  by  it. 

The  symptoms  next  in  order  are  probably  those  arising  from  the 
alimentary  canal,  and  depending  upon  the  continued  irritant  action  of 
the  nicotin.  These  arc:  Loss  of  appetite,  then  dyspepsia  and  chronic 
intestinal  catarrh,  shown  by  alternating  constipation  and  diarrhea. 
(With  moderate  smoking  the  nicotin  seems  rather  to  have  a  tendency 
to  keep  the  liowcls  regular.)  These  conditions  lead  to  emaciation 
and  anemia.  A  direct  action  upon  the  blood  may  also  have  a  part 
in  this;  the  continued  administration  of  nicotin  to  animals  leadmg  to 
diminution  of  red  corpuscles,  and  increase  of  leucocytes.  \i  is  aI*o 
claimed  that  it  diminishes  the  oxygenating  power  of  hemoglobin.  The 
nitrogen  excretion  is  rather  more  diminished  than  Uic  assimilation,  so 
that  there  may  be  a  gain  in  body-nitrogen. 

Paraly7.ing  eflFects  upon  the  central  nervous  system  becotne  apparent; 
these  are  rarely  of  a  serious  nature.  The  psychic  functions  show  a 
slowness  and  want  of  energy.  Anxiousness  and  insomnia  arc  quite 
freqtient.  There  is  a  general  muscular  debility,  tremors,  and  want 
of  control  over  movements.  The  reflexes  are  heightened.  Vertigo 
and  a  tabetic  condition  may  set  in  There  is  then  an  increase  of  ex- 
citability in  the  sensory  and  pain  areas,  and  consequently  headache 
and  neuralgias:  but  the  latter  are  in  part  due  to  referred  pain  fmwi 
the  cardiac  disturbances.  They  are  often  early  and  quite  characteris- 
tic, and  take  the  form  of  pain  and  hyperesthesia  in  the  prccordi*! 
region,  left  nipple,  and  ulnar  surface  of  left  arm. 

The  special  senses,  and  especially  t'ision.  arc  also  aflFected  The 
latter  becomes  dim  and  the  accommodation  faulty:  miosis  is  frcqiwnt- 
These  conditions  are  at  first  readily  removed  by  withdrawal,  but  in 
advanced  cases  they  may  lead  to  an  atrophy  of  the  optic  nerve  and 
retinal  ganglion  cells. 

Transiloty  aphasia  is  also  an  occasional  phenomenon,  and  so  is  tran- 
sitory albuminuria,  the  latter  due  to  irritation  of  the  kidneys  by  il 
excreted    nicotin. 

Of  other  effects  which  have  been  attributed  to  nicotin.  but  witl 
insufficient  cause,  may  be  mentioned:  impotence,  epilepsy,  and  in- 
sanity (G.  W.  Jacoby.  1898). 


I 


jf.  Trcaitncni. —  It  will  be  seen  that  the  catalogue  of  in — - 
jurioiis  actions  to  l>e  charged  against  tlte  abuse  of  this  <Ir^^ 
is  sufticiently  large;  but  on  the  other  hand,  it  must  be  notci 
that  these  are  absent  with  moderate  use.  and  can  he  abol- 
ished if  the  use  of  the  drug  is  promptly  hmiic<l  on  their 
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first  appearance.  Actual  withdrawal  is  not  always  neces- 
sary. Limitation  in  quantity,  the  use  of  tobacco  poor  in 
nicotin,  sufficient  expectoration,  and  the  avoidance  of  deep 
inhalation  of  the  smoke,  are  often  stifticient.  Quick  total 
withdrawal  does  not  lead  to  abstinence  syniptrnns,  as  with 
morphin  (except  possibly  in  some  especially  neurotic  sub- 
jects), although  it  may  disturb  the  function  of  the  Iwwels 
for  a  few  days.  The  principal  point  in  the  treatment  is  to 
keep  the  thought  of  the  ]iatient  off  the  topic  of  tobacco,  and 
to  supply  the  accustomed  stimulus  to  the  mouth  in  some 
other  manner,  as  by  chewing  ginger  or  gentian. 

The  use  of  tobacco  must,  of  course,  be  avoided  in  patho- 
logic conditions  in  which  there  are  special  contraindications 
to  it  —  in  heart  disease,  dyspepsia,  inflammation  of  the 
respiratory  tract,  etc. 

Talmcam  (Tobacco). —  "The  commercial  dried  leaves  of  Nicotiana 
Tabactim.  Linne  (N.  O.  Solanaceae."  An  annual  plant,  probably  in- 
digenous in  tropical  America,  ami  now  cultivated  in  most  parts  of 
the  world.  The  annual  production  of  the  world  is  estimated  at  a 
million  tons  (1,000,000,000  kilograms).  Other  species  also  contain  the 
nicotin.  The  plant  was  introduced  into  Europe  shortly  after  the  dis- 
covery of  America.  Its  use  by  smoking  was  practised  by  the  natives 
at  the  time  of  Columbus, 

The  important  constituents  are  nicotin,  which  is  also  present  to  a 
less  extent  in  all  other  parts  of  the  plant,  and  a  volatile  oil  developed 
in  drying  and  "sweating."  The  percentage  nf  nicotin  varies  between 
one  and  eight  per  cent.:  In  Havana  and  Maryland.  1.5  to  3;  Virginia 
and  Kentucky.  6  to  8;  South  American.  2  to  6;  German,  1.5  to  3.* 
Three  other  alkaloids  have  also  been  announced  to  exist  in  small 
amount  in  tobacco. 

The  ctdtivatirm  of  tobacco  requires  a  great  deal  of  care.  Tlie  plants 
are  first  grown  in  seed  beds,  and  later  transplanted  into  fields.  Only 
particular  climatic  and  soil  conditions  will  give  good  tobacco,  and  even 
the  fertilizers  must  be  carefully  selected,  since  they  will  have  an  effect 
upon  the  ash.  The  variety  of  the  tobacco  depends  largely  upon  the 
soil:  a  light  sandy  soil  giving  thin,  light-colored  wrapper  leaves,  and 
a  hca\'y  rich  clay  giving  dark,  thick  fillers.  But  often  wrappers  and 
fillers  are  taken  from  the  same  plant.  The  plants  are  "  topped  "  so  as 
not  to  produce  seed,  and  when  the  leaves  are  ripe  —  1.  f.,  when  they 
be^n  to  change  color,  become  spotted  and  break  easily  —  they  are 
cut.  These  fresh  leaves  are  practically  odorless,  the  odor  becoming 
developed  in  wilting,  and  especially  by  fermentation  through  enzymes. 
The  substances  which  give  ri<te  to  the  ethereal  oils  are  little  known  — 
they  appear  to  be  of  the  nature  of  glucosids.  These  oils  are  present 
in  only  very  small  quantities  — 100  kg.  of  Brazilian  tobacco  having 
yielded  only  about  30  Gm,  Extreme  dilution  does  not  destroy  their 
aroma.  The  quantity  of  these  oils  varies  often,  but  not  always,  with 
the  nicotin-content. 

The  development   of  aroma   is  not  the   only   step   necessary  in  the 

*  Cigars  T Austrian)  contain  1.3  to  4%  of  nicotin;  the  percentage  in  ctga* 
rrtlcs  and  pfpe-tohacco   ii  simitar. 
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preparation;  it  is  quite  essential  to  destroy  substances  present  in  the 
leaves  —  mainly  of  proteid  and  fatty  nature  — which  would  give  the 
smoke  a  very  unpleasant  odor.  This  is  done  by  "curmg."  Curing  is 
also  a  fermentation,  having  for  its  object  the  destruction  of  these 
proteid  substances  by  bacterial  action.  It  is  accomplished  essentially 
by  piling  ihc  tobacco  in  a  warm,  moist  place  to  secure  the  conditions 
favorable  to  the  action  of  the  bacteria,  it  is  often  aided  by  dipping 
the  leaves  into  saccharine  solutions  (xnolasscs,  cider,  ctt).  These  are 
often  flavored  ("  pituring " )  with  anise,  cinnamon,  etc.  Bui  few  to- 
baccos, naturally  poor  in  protcids,  such  as  some  Havana  and  Asiatic 
varieties,  can  be  used  without  this  curing,  which  is  an  undesirable 
feature,  since  some  of  the  aroma  and  nicoiin  arc  also  lost  in  the 
process  —  the  more,  the  longer  it  is  carried  on.  To  restore  this,  the 
leaves  are  sometimes  soaked  in  infusions  of  tobacco  stems,  etc. 

Thc  cured  tobacco  has  only  a  slight  odor:  the  real  aroma  is  brought 
out  in  the  "sweating" — a  later  fermentation,  taking  place  also  in 
stored  tobacco.     In   this  process  one-fourth  to  one-third  of  the  nicotin 


disappears 


made. 


dried  leaves  were  formerly  official ;  if  used,  aa  infusion  may 
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(H)   MINOR  MEMBERS  OF  THE  SERIES. 
I.  CONIUM. 

1.  Composition — Conium    (Water-hemlock)    contains 
number  of  alkaloids,  viz..  coniin.  methyl-coniin.   conicein, 
and  conhydrin. 

They  differ  uuunly  in  the  strength  of  their  action. 

The  C(immercial  cimiin  consists  of  a  mixture  of  the  above, 
and  as  this  alone  has  lieen  employed  <^n  man,  the  following 
remarks  apply  to  this  mixture.  As  these  alkaloids  decom- 
pose ver}'  rapidly,  the  commercial  preparations  are  often 
entirely  inactive.  The  hydrobromid  is  the  most  stable.  A 
very  similar  alkaloid  is  present  in  some  species  of  Lupinus. 

n.  STumnaxy  of  Actions. —  Coniin  bears  a  ver>'  close  ff' 
semblance  to  nicotin  in  its  physical  and  chemic  characters, 
in  its  composition  and  actions.  The  latter  differ  in  a  more 
pronounced  paralysis  of  the  central  nervous  system  and  of 
the  endings  in  striped  muscle. 

(The  mother-substance,  piperidin.  has  a  similar  but 
weaker  action.) 

m.  Details  of  Action. —  I.  Peripheral  Orfirans. —  Coniin 
stands  midway  between  curare  and  nicotin.  paralyzing  both 
motor  endings  and  ganglia,  and  forming  with  the  other 
members  a  series  running:  Curare,  coniin,  gelseminin,  spar- 
tein.  nicotin ;  the  action  on  the  motor  endings  predominating 
with  the  former:  that  on  the  ganglia  with  the  latter. 

Its  action  on  the  pupil,  heart,  blood-vessels,  circulation, 
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alimentary  canal,  glands,  etc.,  is  precisely  as  with  nicotin, 
only  weaker. 

The  muscle  substance  is  not  affected.  Applied  directly 
to  the  skin  it  diminishes  sensalinn. 

^  In  its  action  upon  the  central  nervous  system,  the  re- 
semblance is  also  very  great,  but  the  stinnilation  is  still  less, 
and  the  dcl>rcssion  is  so  strong  that  it  forms  the  most  promi- 
nent feature  of  p<jisoniiig  in  man.  Const' to usnrss  is  little 
or  not  at  all  affected,  the  main  symptoms  referring  t<t  the 
motor  system,  and  these  are  very  characteristic.  The  paral- 
ysis is  asccfidiug,  beginning  with  the  lower  extremities,  and 
finally  reaching  the  tongue,  so  that  the  patient  may  he  un- 
able to  speak  whilst  his  intellect  is  not  yet  disturbed. 


This  ascending  para)y.sis  has  been  explained  by  a  lowered  con- 
iucthity  of  the  cord  to  impu)sc<^  coming  from  llic  brain,  the  path 
being  blocked  at  6rst  only  to  those  impul&ts  which  have  a  long  way 
to  travel. 


The  excitnhilify  of  the  cord  is  not  decreased,  however,  so 
fiiat  cont'ulsions  may  a]>pear.  These  can  occur  only  in 
niammals.  since  the  curare  action  is  an  early  feature  in  the 
tV'tg;  and  this  undoubtedly  plays  its  part  also  in  the  paraly- 
sis in  man. 

Depression  of  the  medullary  centers  is  also  a  prominent 
feature,  and  death  occurs  by  paralysis  of  respiration,  Thi^ 
is.  also  due  in  part  to  the  curare  action. 

IV.  Toxicology. —  Coniin  is  much  less  toxic  than  nicotin: 
^5  mg.  <lo  not  produce  as  violent  symptoms  as  4  mg.  of  the 
latter;  but  this  may  be  partly  due  to  the  fact  that  the  pure 
alkaloid  was  not  empkjyed.  The  symptoms  are  very  char- 
acteristic, and  they  have  l>cen  so  well  tlescribed  in  Plato's 
classic  rendering  of  the  death  of  Socrates,  that  no  diffi- 
culty is  experiencefl  in  recoi^nizing^  the  substance  used  in 
*"f  poisoning  of  this  philosopher.  The  description  is  so 
^(^ciirate  that  it  mav  well  serve  to  represent  the  usual  symp- 

*^ter  drinking  the  poison.   "He    fSocratcsl    went   about,  and   as  he 

•wuccd  that  his  thighs  became  heavy,  he  laid  down  on  his  back,  as 

**  »T»an  directed.     The  latter  —  the  one  who  had  given  him  the  poison 

—  touched    him    from    time    to    time,    and    invesligatcd    his    feet    and 

w^s.    Then    he    pressed    hi*s    foot    strongly,   and    asked    whether   he 

coultl   feci   it ;    hg   answered,    No.     Then   he    tried   the   knees,    and   so 

ifccnt  higher  and  higher,  and  showed  us  how  he  gradually  became  cold 

w4  stiff     Then   he  touched   him   once  more,  and   said,   when   it  came 
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to  the  heart,  then  he  would  be  dencl.  Now  almost  everything  from 
the  abdomen  down  wa*)  cold."  and  Socrates  then  spoke  his  last  wurds 
to  his  friends,  but  was  miablc  to  answer  further  questions.  He  had 
a  short  ^pasm  and  was  dead. 

From  the  ((uick  aclinii,  it  is  supi>()sed  that  he  must  have 
beeti  given  the  expressed  juice  of  the  rrjot,  and  it  is  very 
])rnbal)lc  that  the  Greeks  commtinly  used  their  poisons  in 
this  t'onii. 

Coniin  may  be  recognized  by  its  characteristic  narcotic 
odor.  Like  nicotin,  it  is  liquid,  colorless,  becotning  brown 
in  air.  The  test  consists  in  the  curare  action  on  injection 
in  the  fr<:ig.  The  chemic  reactions  are  of  little  value,  since 
they  resemble  nicotin  very  closely,  and  are  given  by  a 
I>tomain. 

2.  I-ORFXm. 

Lobelin,  the  alkaloi<I  of  lobelia  inflata,  has  an  action 
essentially  itlentical  with  nicotin  (  I''<linunds,   1904). 

Small  doses  stimulate,  large  doses  paralyze,  the  respira- 
tory center.  The  vagus  endings  in  bronchial  muscle  arc 
also  depressed.  Small  doses  taken  continuously  cause  a 
persistent  tjuickening  of  the  pulse. 

Anagyris  fcetida,  a  leguminous  plant  indigenous  to  the  shores  of  the 
Mediterranean,  and  there  used  as  a  (substitute  for  senna,  contains  an 
alkaloid,  anagyrin.  whose  pharmacologic  actions  resemble  those  of 
lobelin  in  many  respects, 

X  GELSEMIKIN. 

Gelseminin,  the  active  alkaloid  of  gelsemiuin.  produces 
effects  in  general  almost  identical  icith' those  of  coniin.  Its 
depressing  action  on  tlie  centra!  nervous  system  is  more 
marke<l  than  that  of  the  latter,  so  that  the  central  paralysis 
precedes  the  peripheral  even  in  fnigs. 

Tt  has  a  very  ^lecided  mydriatic  effect  upon  the  pupil, 
es]»cci;dlv  <m  local  ap))liration.  This  is  l>e!ieve<l  by  s<jme 
to  be  due  to  paralysis  of  the  oculomotor  endings  after  the 
manner  t>f  atrnpin  ;  Inil  the  questifin  cannot  l>e  considered 
as  definitely  settled.  The  mydriasis  lasts  from  twelve  to 
seventeen  hours. 

{Gelseniiii,  another  alkaloid,  has  an  extremely  weak 
str)xhnin  actic^n.  Tt  increases  the  spinal  reflexes,  but  abol- 
ishes voluntary  mtn-ements.  The  comtnercial  "  Gelsetnin  " 
is  a  mixture  of  both  alkaloids,  owing  its  activity  to  Gel- 
seminin.) 
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4.  SPARTEIN. 

The  last  member  of  this  series  is  spartein.  a  liquid,  oxy- 
gen-free alkaloid  existing  with  a  neutral  principle,  scoparin, 
in  the  broom  plant. 

Spartein,  while  showing  a  close  general  resemblance  to 
coniin,  presents  some  important  differences: 

The  central  action.^  are  leeaker,  the  peripheral  stronger. 

The  most  important  action  of  spartein  is  that  on  the 
heart.  By  stimulation  of  the  vagus  mechanism,  and  direct 
depression  of  tlie  muscle,  the  cardiac  contractions  are  slowed 
find  XLvakcHcd.  i  Spartein  cannot,  therefore.  l)c  classed  with 
digitalis,  as  is  sometimes  done;  for  the  latter,  although  it 
slows  the  heart,  strengthens  the  contractions.)  The  blood 
pressure  is  usually  lotccred  when  the  drug  is  taken  by  the 
mouth,  since  the  depression  of  the  heart  is  more  than  the 
constriction  of  the  vessels  wliich  it  also  produces. 

The  diuretic  action  of  broom-top  is  not  due  to  the  spar- 
tein, but  to  the  scoparin. 


» 


(1)   PHYSOSTIGMIN  (ESERIN). 


The  peripheral  actions  of  physostigmin  are  directly  an- 
lag-onislic  to  atropin.  and  corresix)nd  therefore  to  those  of 
pil<M:aq)in  and  nuiscariu;  but  there  is  reason  ti>  l>elieve  that 
It  acts  more  j>eriphenilly  than  any  of  these  alkaloids,  i.  t\, 
iHat  its  action  extends  also  to  the  cells  themselves. 


h 


I.  SU5IMARV  OF  ACTIONS. 

-  Stimulation  of  endings  an<l  cells  in  all  muscles  (striped, 
tripcd  and  cardiac),  and  in  glands. 
he  action  on  the  pupil  (miosis)  and  on  the  intestine  is 
iaily  p*nverful. 

Reeting  stimulation  and  pronounced  depression  of  the 
^ral  nervoiis  system. 


11    DETAILS  OF  ACTIONS. 

*•  The  Eyc.< — Physostigmin.  whether  applied  locally  or 
'W  internally,  causes  constriction  of  the  pupils,  spasm 
"accommodation,  and  lowering  of  the  intraocular  pressure. 

^He  actions  are  due  mainly  to  stimulation  of  the  oculo- 
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motor  endings  and  of  the  muscles  of  the  iris  and  ciliary 
body.  The  effects  of  physostigmin  can  be  removed  by  the 
application  of  atropin,  and  vice  versa;  but  this  requires 
much  larger  doses  than  does  a  normal  eye. 

The  miosis  is  not  as  pronounced  as  with  mnscarin.  probably  because 
Ihc  opposing  radial  muscles  arc  also  stimulated.  The  action,  however, 
is  mainly  on  the  endings,  for  the  effect  is  much  less  when  these  end- 
ings arc  degenerated.  A  simidtancons  stimulation  of  the  oculo-moior 
center  cannot  be  excluded,  but  is  not  probable. 

a.  The  contraction  of  the  cardiac  muscle  is  slowed  hut  strength- 
ened. This  slowing  occurs  even  aftt-r  atropin,  showing  that  its  cause 
is  at  least  largely  independent  of  the  vagus.  The  amplitude  is  first 
increased,  then  diminished.  In  frogs,  physostigmin  causes  the  heart 
lo  resume  its  beat  after  this  has  been  stopped  by  muscarin ;  this  is 
the  best  proof  that  physostigmin  stimulates  the  cardiac  muscle  directly. 
There  is  no  conclusive  evidence  that  it  exerts  this  stimulant  action  on 
the  mammalian  heart.  Strong  doses  cause  systolic  standstill  o(  the 
frog's   heart. 

The  blood- pressure  rises  at  first:  this  rise  depends  only  in  small 
part  upon  the  strengthened  heart,  since  this  is  largely  counteracted 
by  the  slowing.  Nor  is  it  due  to  stimulation  of  the  vasomotor  center. 
direct  or  reflexly  through  convuUion>.  since  it  occurs  in  curarizcd  or 
chloralized  animals.  lis  cause  lies  in  the  direct  peripheral  stimutation 
of  the  nrlerioies,  aided  by  the  displacement  of  blood  from  ihe  abdom- 
inal viscera,  consequent  ou  the  violent  peristalsis,  Acccwding  to 
Dixon  (if)Oj>,  the  vasoconstriction  is  due  lo  stimulation  of  the  end- 
ings, not  of  (he  arterial  muscle:  for  it  does  not  occur  after  apocodein. 
which  paralyses  the  endings. 

The  rise  of  blood  pressure  is  followed,  with  large  doses,  by  a  se- 
vere drop,  due  to  paralysis  of  the  vasomotor  center  and  the  weakened 
heart. 

3.  By  stimulation  of  the  unstriped  muscle  it  causes  violent  peri- 
stalsis, vomiting,  and  contraction  of  bladder,  spleen,  uterus,  arteriole*, 
and  bronchial  muscles. 

The  stinuilarion  of  the  intestine'  results  in  fixed  tetanic  contrac- 
tion rings,  rather  than  in  regular  peristalsis.  This  effect  may  be  pro- 
duced after  atropin ;  hut  it  can  aNo  l>c  removed  hy  large  do^es  of 
this  drug,  so  that  it  is  not  muscnhir.  hut  due  to  siimulalion  of  the 
endings.     The  same  holds  true  of  its  action  on  other  unstriped  muscle. 

4.  The  glands,  especially  the  salivary,  mucous,  lachrymal,  and 
sweat-glands  and  pancreas,  are  stimulated  hy  physostigmin:  and  since 
it  acts  promptly  after  atropin,  its  action  is  probably  partly  on  the 
gland-cells  themselves.  The  increase  of  secretion  is,  however,  not 
nearly  so  marked  as  with  the  other  members  of  the  series,  since  it 
is  couttteractfj  by  the   i-nis/riVirtiM   of   the  blood-z'essets. 

5.  Striped  Muscle. —  In  mammals  these  exhibit  peculiar  fascicular 
contractioTiis,  persisting  after  the  section  of  the  nerve.  They  are  dimin- 
ished, but  not  abolished,  hy  moderate  doses  of  curare,  showing  thai 
the  stimutation  resides  only  partly  in  the  endings;  and  the  view  that 
the  muscle-fiber  is  stimulated  im  part  directly  is  also  supported  by  the 
fact  that  its  working  power  and  irritability  are  increased.  Ph>'SO- 
Stigmin  also  removes  the  paralyzing  effects  M  curare,  so  that  stimula- 
tion of  the  nerve  again  becomes  effective   (Rnthbergcr.  1901)-' 

«  Exerdse  67. 


I 

4 


'SOSTIGMIN,    PISCIDIA. 


6-  On  the  central  nervous  system,  its  action  is  rapidly  paralyz- 
ij^K-  biCginnhtg.  at  least  m  man  in  the  lower  portions,  so  that  coH' 
sciousn^ss  is  prfscrv^d  to  the  end.  The  respiration  is  at  first  increased; 
this  IS  due  largely  to  stimulation  of  the  afTcrent  endings  of  the 
vagi;  for  the  quickening  is  much  less  after  the  vagi  have  been  cut. 

Tlicre  are  also  other  evidences  of  stimulation  —  excitement,  etc— 
bui  thcic  have  been  considered  secondary  to  respiratory  paralysis,  the 
central  actions  of  llie  alkaloid  being  mainly  depressing.  Dyspnea  is  a 
marked  symptom,  due  to  paralysis  of  the  respiratory  center  and  spasm 
of  the  bronchial  muscles.    Asphyxia  forms  the  cause  of  death, 

III.  TOXICOLOGY. 

The  symptoms  of  physostigmin  poisoning  consist  of: 
nausea.  vr)initing.  and  diarrhea ;  salivation,  lachrymation, 
and  sweating;  palpitation  with  slowed  pulse;  miosis;  ex- 
citement and  dyspnea:  weakness  with  muscular  twitcliings; 
Convulsions,  Death  by  paralysis  of  respiration  under  gen- 
eral collapse,  the  reflexes  persisting  to  the  end. 

Treatment. —  General  alkaloidal.  Physiologic  antidotes: 
atropin  and  strychnin. 

Proof. —  Its  physiologic  action  upon  the  eye  is  among 
the  most  characteristic. 

As  physostigmin  is  ver\'  readily  decomposed  by  light 
( solutions  acquiring  a  reddish  color  and  losing  much  of 
their  activity),  its  search  must  be  conducted,  as  far  as  pos- 
vil>lc.  in  tlie  dark,  and  the  employment  of  heat  should  also 
be  minimized, 

PISCIDIA. 

7^"  of  Pistidia    Erythrina    (Jamaica   Dogtvood.    Papilionacese, 

V*  I  contains  an  amorphons.  neutral,  non-glucosidal  principle. 

^  'I,  C.H.sOn   insoluble   in   water,  soluble   in   alcohol.     According 

ix-Tyrodc  and  NeUon    (1905)   this  acts  very  similarly  to  physo- 

'•   prodncci;  a  general  paralysia,   which   has  led  to  its  use  as 

n       The   animal    still    respond   to   direct    stimulation   of  the 

-o  that  the  paralyzing  action  mnst  be  on  the  sensory  tracts. 

^ry  and   vasomotor  centers  succumb  early  without   preccd- 

"on.     Consciousness    is   not    affected   until    collapse   occurs. 

.  the  poison  siimnlates  the  smoi^lh  muscle  of  the  intestine 

1      There   is   no   indication   of   narcotic  action    (which   was 

'  '"""^'y  cLiimrd).     The    drug  does   not   seem    10   be   therapeutically 

'■*''^    Tlw  dote  is  given  as  i  to  3  Gm.  (15  to  45  grains). 

(K)  RESUME  OF  THE  SERIES. 

r.  METHODS  OF  STUDYING.' 

/•  Palliation  of  the  Actions. —  A  paralysis  is  localized  by 
.  ''^"iaiing  alxne  and  l>elo\v  the  affected  portion:  the  latter 


*^«ctive.  the  former  is  not. 
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A  Stimulation  is  localized  by  paralyzing  above  and  below; 
the  latter  stops  it.  the  former  does  not. 

It  must  be  remembered  tliat  a  slight  degree  of  paralysis 
may  be  overc<jme  by  a  strong  stimulation ;  also,  that  a 
paralysis  above  a  stimulation  may  appear  to  lessen  the  latter, 
if  this  has  l^en  previously  siippurted  by  normal  central 
tonic  impulses. 

Stimulation  or  paralysis  may  be  applied  :  ( i )  electrically 
or  by  section. 

(  Cardiac  vagus:  trunk.  poMganglionic  (sinus). 

Heart J  Cardiac  accelerator:   trunk. 

(  Cardiac  muscle. 

Eye,  Dilator  Cervical   sympathetic   (pregatigliontc). 

Mechanism...      Superior  cervical  sympathetic  Kanglion. 

l-uiiR  ciliary   nerve   (postganglionic). 
Radial   nnisclc. 


Eye.  Constrictor 
Mechanism.. . 


Ocnlommor  nerve   (preganglionic). 
Ciliary   Ran>{lion. 

Short   ciliary  nerve   (postganglionic) 
Sphincter  muscle. 


I  Chorda  lympani  and  cervical  sympathetic   (pregang- 
Submaxillary. .   J      lionic).' 

I  Hilus   (postganglionic). 
I  Cells. 

2.  Drugs  (in  appropriate  doses). 

(  Cells:  apomnrphin,  copper. 
Paralysis    J  Nerve  endings :  atrnpin. 

'  Nerve-gaiiglia :   coniin,  nicotin. 

(  Cells:    Physostigmin. 
Stimulation    ■•*  )  Nerve  endings:   Muscarin. 

(  Nerve-ganglia:   Nicotin. 

Tt  must  l>e  remcinbercrl  that  the  action  of  the  different 
mend>ers   is  ni>t   marked  riff  absolutely  sharply.     They  alL 
stimulate  and  tlifn  paralyze,  and  they  all  affect  every  por — 
tion  of  the  nerve-gangli<»n-ending-cell  chain. 


11.  MAIN  PERIPHERAL  .\CT10NS  OF  DIFFERENT  MEMBERS 

OF  SERIES. 

Afropin:    Paralysis  of  endings  in  glands  and  unstriped 
muscle.     Strong  solutions:    Stimulation,  then  paralysis,  of  , 
muscle-fibers. 

Muscarin:  Stimulation  of  endings  in  glands  and  unstriped 
muscle. 

Physostigmin:   Stimulation  of  endings  and  cells. 


SUMMARY. 


PUocarpin:    Long  stimulation  of  ganglia  and  endings, 

llowed  by  very  late  paralysis. 

Aicctift,  GclscDtinin,  Lobelin,  Spartcin:  Long  stimulation 
OT  ganglia,  followed  more  quickly  by  paralysis. 

Curarin,  Coniin:  Paralysis  of  ganglia  (and  muscle-nerve 
endings). 

\  n\    ACTION   ON    PARTICULAR    STRUCTURES. 

!        1.  Heart:  Vagus  Mechanism. —  (a)  Ganglia:  Nicotin,  pilo- 
L     carpin,  lobcltu.  grlst^uiinvt,  and  spartcin   produce  stimula- 
tion   followed    by   paralysis.     Curariu,    coniin,   and   cocain 
ByrrMJuce  almost  pure  paralysis. 

(b)  Postganglionic  Fibers  (Endings  of  Vagus):  Stimu- 
lated by  mttsi'orin  { pilocarpin,  physosti^min),  thyroiodin, 
IsiKlium  phosphate,  digitalis,  etc.].  Paralyzed  by  atropin, 
sodium  ioduL 

k)  Muscle-fiber:  Stimulated,  then  paralyzed,  by  atropin; 
aimosi  pure  stimulation  by  physostigmin  (veratrin,  digitalis, 
raniphrir,  etc.);  almost  [)ure  paralysis  by  apomorphin  or 
c*">i>per  salt. 

2.  Pupils. —  (a)  Stimulation  of  Dilator  (Sympathetic) 
Enrfinjc*  and  Qanj^lia:  CfK:aiTi. 

fb>  Paralysis  of  Constrictor  (Oculomotor)  Endings: 
.-f  trof>\)\  (  gclscm  in  in  / ) . 

(<^y   Stimulation  of  Constrictor  (Oculomotor)   Endings: 
'  ^^ysr^stigmin,  muscarin. 
^h^  other  members  of  the  series  may  act  upon  either 

*  Qlands. —  (a)  Ganglia:  Stimulated,  then  paralyzed,  by 
•^"'f^a  T*pin  and  nicotin.  In  case  of  former,  paralysis  comes 
'^'y  late. 

'!*>  EndinjjTs:  Stimulated  by  muscarin,  pilocarpin,  phy- 
*"^^»S"^Tiin.     raraly7.ed  by  atropin. 


IV   EFFECT  OF  MODERATE  DOSES  UPON : 
**lood  pressure, 

^  ■tropin:    Small  and  variable. 

NJ  ■  Colin.     Pilocarpin;      Rise    with     slnwing^.     Former 

»Tiainly  stimulation  of  vasomotor  gang^lia.   latter  of 

"^agiis.     Later   quickening*   with    further    rise,    then 

^all. 
Cu  rare,  Conium :  Mainly  fall  thrrtuph  vasomotor  paral- 

>'^i<:  —  Iw-tth  central  and  peripheral. 
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Physostigmin :     First    rise,    but    mainly    fall   through 
paralysis  of  central  nervous  system. 

2.  Heart-rate. 

Ain>pin.  Curarin,  Coniin,  Cocain :     Quickens. 
Pilf>caq)in.  Nicolin:    First  slowed,  then  quickened. 
Physostigmin,  Spartein :    Slowed. 

3.  Pnpil. 

Dilated:     Atropin,    cocain.    euphthalmin.    gelseminin, 

nicotin,  coniin. 
Constricte<I :    Muscarin.  physostigmin,  pilocarpin. 

4.  Feristalsifl. 

Arrested  by  atropin,  quickened  by  all  the  others. 

(L)  THERAPEUTICS  OF  PILOCARPIN  SERIES. 

*f   ihc  actions  of  this  scries,  the  pL-riphcral  effect;*  of  ftiiocarfin  and 

fs<^stigmm    are   almost    the   only    onc^    winch    attain    to   a   practical 

<«*portancc  Ntcotin,  as  welt  as  the  other  members,  possesses  few, 
H  any.  advantages  over  these,  and  on  the  other  hand,  a  niimhcr  of  other 
^ndrsiwi'd  and  more  or  less  violent  actions,  especially  the  depression 
of  the  central  nervous  system,  the  irritant  action  on  the  alimentary 
^J"*K  and  the  cardiac  di-iturhances.  These  are  much  less  marked  in 
J  ^"*'^  **'  pilocarpin.  so  that  they  may  he  entirely  avoided  inordinary 
^J*«*.  But  it  has  been  attempted  to  iise  some  of  the  special  actions 
<"  Oic  others: 


I.  Coniin  has  a  depressant  action  on  the  central  nervous 

^Mem  and  a  curare  effect  upon  muscle.     This  would  jus- 

^y  its  cniplcjyment  in  spasmodic  conditions,  such  as  strych- 

"""^-IKiisoning  or  any  other  tetanus,  in  chorea,  whooping- 

'gh,  torticollis,  etc.     It  would  possess  the  advantage  over 

'rare  that  it  acts  on  the  seat  of  the  disease  —  centrally  — 

^^  ^^fll  as   [ieri])herally.      Its  usefulness   is  much   lessened 

^  ^hc  uncertain  .strength  and  action  of  its  preparations,  due 

thrir  ready  decomposition.     The  hydrobromid  deserves 

'feferfnce. 

^-  lobelia  has  been  used  as  an  emetic,  but  it  possesses  no 
>nv,-inuge  over  a|x>morphin  or  emetin,  is  more  depres- 
**^t.  unreliable,  and  if  vomiting  does  not  occur,  it  produces 
y^'  xiolcnt  symptoms.  The  preparations  also  vary  much 
inaaivitv. 

8.  OelKmimn  is  used  both  locally  and  internally  as  u 
n^Hriaiic.  but  is  inferior  to  atropin. 
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4.  Sparteifl.  has  often  been  tried,  io  raise  the  work  of  ihe 
heart  aii<l  pnxluce  inoderate  slowing.  It  does  the  latter, 
but  not  the  former,  according  to  experimental  and  the  bulk 
of  clinical  evidence:  it  is  theref«)re  of  no  value  in  heart  dis- 
ease, or,  at  most,  only  in  the  same  cases  as  aconite.  Doses 
of  o.oi  Gm.  ( ,\  grain)  arc  5i>ecilic  in  some  cases  of  asthma. 
The  broom  plant  contains  another  principle,  scoparin.  which 
makes  it  of  value  as  a  diuretic  in  fevers,  etc.  This  will  he 
considered  later. 

5.  Physostigmin  has  been  tried  as  a  ncn*ous  dcf*ressant  in 
epilepsy,  chorea,  tetanus,  etc.  The  results  have  not  been 
satisfactory,  perhaps  l>ecause  a  sutticient  dose  cannot  be 
given  without  bringing  on  respiratory  disorder. 

The  lUaphorctic  action  cannot  be  obtaine<I  sufficiently  pure 
to  be  useful.  Its  powerful  effect  on  the  intestine  has  liecn 
utilize<l  to  o(>en  the  Ixtwels  after  operating  (to  2  mg.  =s^ 
gr.)  and  in  intestinal  atony;  but  it  is  somevvliat  dangerous. 

Its  usefulness  is  mainly  limited  to  ophthalmologic 
practice. 

The  loxvcring  of  intraocidar  pressure  makes  it  the  remedy 
in  glaucoma:  and  the  miosis  is  used  in  alternation  with 
atropin  to  break  up  adhesions  of  the  iris  to  the  tens  —  a  con- 
dition now  generally  treated  by  operation,  however.  Il 
may  be  used  to  counteract  the  paralysis  of  accommodatiom 
follozving  atropin. 

It  is  used  for  its  effects  on  the  eye  locally  in   %%  solution  (of  ih-* 
salicylate).     The   miosis   begin?   in   five  to  fifteen   minutes,   reaches  rt_- 
maximum    in   half  an   hour,  and   passes  off   for   the   most  part  in  a 
hour,  but  little  effect   remaining  after  this  time.     The  effect  upon  ac 
commodation  begins  somewhat  later  and  is  more  lasting. 


6.  With  pilocarpin  the  stimulation   of  the  saliz'ary 
siccat  glands  is  the  most  prominent  and  among  the  earlic 
actions,  so  that  it  may  be  obtained  almost  free  from  any  < 
the  other  effects.     Tlie  alkaloid  is  to  be  preferrc<:t.     Tfe^ 
preparations  of  the  crude  drug  remain  longer  in  the  alime^"" 
tary  canal  and  have  therefore  more  opportunity  to  exert  tkj 
objectionable  action  here.     They  are  also  of  ver>'  uncerta.  ■ 
strength. 

The   increased   secretion  leads  first  to  a  refHo^'at  of  liquid  from  xt^* 
body,  and   with   this,  of  waste  and  toxic  products  nf  all   kind*;     T*'^ 
former  indicates  it   in   all  conditions  where  there   is   an   (i<cumulo^\*^* 
of  fluid,  especially  when  of  renal  arisin;  in  dropsy,  effusion  into  rrtift* 
or   brain,   etc.     It   not   only   removes   the   accumulated    fluid,   hut  1^ 
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rtHet^es  tkt  kidneys  of  a  part  of  their  work.  The  removal  of  fluid 
pressing  upon  ihc  veins,  eic.  leads  to  an  imf>roi<cmeHt  in  the  general 
<'••'  ■^'"  ■'*  and  thus  removes  aUo  the  congestion  of  the  kidneys;  in 
c»  c  —  and    not    by    any    direct    action  —  the   quanlity   of    urnw 

i?  ''1-     Its  main  indication   m   dropsy,  then,  is  m   that  of  renal 

ongin,  not  nearly  ^o  much  when  the  disease  is  cardiac:  for  here  its 
tendency  to  depression  of  the  heart  and  circulation  in  general  vitiates 
its  ben^cial  effects. 


The  removal  of  toxic  products  from  the  body  makes  it 
useful  in  uremia,  in  chronic  opium-poisoning,  etc. 
So  much  for  its  eflfects  upon  secretion  as  a  whole. 
The  increase  in  sweat,  saliva,  mucus  (and  milk),  are  in 
particular  utilized  practically.     For  its  use  as  a  sudorific 
see  beluw .     The  increased  action  of  the  sxi*caf  glands  brings 
with  it  an  increased  circulation  in  the  skin,  and  this  sec- 
ondarily increases  the  gron'th  of  the  hair,  and.  it  is  claimed, 
also  turns  it  to  a  darker  color.     It  may  be  used  for  the  for- 
mer purpose.     Its  sialogogue  action  »   is  employed  against 
pcisTins  which  suppress  this  secretion,  as  those  of  the  atropin 
prrmp  and  certain  meat-poisons.     The  increased  secretion 
<^'f  mucus  makes  it  useful  in  all  cases  of  dry  cough   { see 
^ap.  XXITI.  C).  and  this  action  is  aided  by  its  nauseant 
properties.      It  may  also  result  in  loosening  false  membrane 
"'  croupous  conditions,  and  be  the  means  of  saving  life, 
^'"s  liquefying  action  on  the  mucus,  as  well  as  their  action 
^^^  the  respiratory  center,  has  determined  the  use  of  pilo- 
^T>ir,  tobacco,  and  lf»belia  in  asthma.     Pilocarpin  should 
p^x-oided  in  all  inflammatory  conditions  of  the  lungs,  for 
^^^     of  pulmonary  edema,     ffs  dose  shoxdd  nci'cr  exceed 
^0^     Cm.  (J  grain).     Similarly  the  increase  of  biliary  mu- 
^^    r>roduced  by  pilocarpin.  facilitates  the  passage  of  gall- 


^^       increase    in    the    secretion   of  milk    may   perhaps  be   considered 
Anuht  fxil 

'''■     »t,tu^^ant  action,  and  that  on  peristalsis,  could  possibly  be  utilized 
*'  lily;   but   it    is   inferior   in   these  respects  to  other   remedies 

'  trrs  XIV,  C:  and  XXXII),  and  these  form  rather  unfleas- 

***'  ^*^*-'^*'f'^**^-  partly  directly  and  partly  by  the   general   depression 

iWK  Otey  prtKJuce. 
AHt  siozi/ing  of  the  heart  prodnccd  by   the  members  of  this   series 

Si*kii[nk(:i>  s  /^iiii-.ifturci    which    increase   flow  of   saliTs)    may  be   divided,    le- 

»**"!*  to  ti  nto- 

ut  n<of«  f  tr  ihf  nervous  mechanism  of  the  salivary  glandi  directly: 

Pil-ivir;  ■titnin,  etc. 

(\)  '1  l.ile     ibr    nrrvnu*    mcrhnntfrn    of    the    »ilivary    Riandf    re- 
!   unh^MP.  »-^.  alcnh'"'.   I.>cal  irritants   fMnmiin^).  nau»<antK 

til  I'l  ilic  Blanil  celU:     lltrcury.  iodids,  ipecac,  etc. 
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is  of  no  practical  importance,  since  it  cannot  be  obtained  sufficiently 
pure.  The  constriction  of  the  puffit  and  lessening  of  intraocular  ten- 
sion have  caused  pilocarpin  to  be  used  as  a  substitute  for  fhysostigmm 
in  glaucoma.  It  has  no  advantage  over  the  latter  drug,  its  action 
being  shorter  and  less  complete.     A  2%  solution  is  employed  jocally. 

The  action  on  the  uterus  may  result  in  abortion,  but  cannot  be  used 
in  practice,  since  the  duscs  required  for  its  action  on  this  organ  are 
dangerous. 


I 


Lastly,  pilcKrarpin  forms  the  physiologic  antidote  to  atro- 
pin  and  certain  snake-venoms  (rattlesnake). 


(M)   DIAPHORETICS. 

Diaphoretics  (  siulorifics  or  hydrotics)  are  remedies  whir 
increase   the  secretion  of  sweat,   an  object  which   may  be 
attained  in  the  following  manner : 

(A)  By  affecting  the  circulation  in  the  skin: 

Locally:  i-  Local  irritation. 

Systcniically :     Indirectly:     2,  Rise  of  general  blood  prcs 

sure  if  cutaneous  vessels 
are  not  simultaneously 
constricted.* 
Directly  :  3.  Stimulation,  direct  or  reflex, 
of  the  central  dilator 
mechanism  of  the  cuta- 
neous vessels,  or, 
4.  Paralysis  ni  their  vasocon- 
strictor mechanism. 

(B)  By  directly  increasing  the  secretory  activity  of  the  cells^ 

of  the  sxirat  glands: 

1.  Through  stimulation  of  the  sweat  center,  direct  or" 
reflex. 

2.  Through  peripheral  stimulation  of  the  nerve  end — 
ings  or  gland  cells. 

There  is  some  difference  in  the  character  of  the  sweafc^ 

according  to  whether  it  is  obtained  by  A  or  B. 

Sweat  A,  The  sweat  which  results  from  increased  cifCK  — 
lation  is  poorer  in  solid  substance  and  is  more  alkaline.  Itt 
has  more  the  general  character  of  a  serous  exudate.  Tlr»c 
skin  is  warm  and  red. 

Sweat  B.  That  obtainetl  by  direct  action  on  the  gland     i 


This  Is  generally  the  efTcct  o{  drugs  which  iiimulAir  the  vasomotor 
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more  concentrated  and  less  alkaline. 
cold. 


The  skin  is  pale  and 


ENUMERATION   OF   DIAPHORETIC   MEASURES. 


This  lalwr  is  the  "  cold  sweat "  which  is  ordinarily  produced  hy 
9limuUt)0n  of  the  sweating  center  through  COi,  and  which  is  rightly 
con$idrrcd  a  serious  omen  in  the  course  of  a  disease,  since  it  indi- 
cates afphyxia. 

Children   sweat  more,  old  people  less  easily,  than  adults.     Amongst 

animaK  horses  sweat  most  profusely:  pigs  and  heef.  not  very  readily; 

jdojfs.  rabbits,  and  sheep  not  at  all ;  cats  only  on  the  paws. 

^^The  diaphoretics  may  be  divided,  according  to  the  inan- 
^^k*  of  their  action,  into  the  following  classes: 
^■1.  Application  of  External  Heat. —  Tiiis  may  be  by  hot  air, 
VQpor,  Witter,  or  .uiitii-baths. 

The  latter,  which  unfortunately  can  only  be  carried  on  in  special 
m^titutions.  consists  in  burying  tnc  patient  tip  lo  the  shoulders  in  hot 
tttMi ;  it  has  tlic  advantage  over  the  others  in  rapidly  absorbing  the 
l9uid  and  thus  prcvenling  maceration  of  the  skin. 

2.  The  heat  may  be  increased  by  preventing  the  loss  of  the 
k>dy  heat,  cither  by  protection  from  tlie  external  temperature 
ur  by  prexenting  evaporation  (through  gfiilla  percha,  etc.). 
f*€icking  may  be  counted  here. 

3.  Artificial  heat  may  also  be  supplied  internally  through 
he?  i  drinks. 

"T*-,  ^ii]  ji5o  increase  the  quantity  of  urine,  and  will  therefore  not 

rted  to   when  ihe  securing  of  rest  to  the   kidneys  is  the  main 

., ',  -    intended,   nor   when   it    is    desired    to   diminish    the   amount   of 

ftttt<l  in  the  body.     But  it  is  an  excellent  method   for  indications  2.  5« 

afld     t    f See    below.)     Hot   neater   alone    will    accomplish    the    result, 

bJl    i\  IS  usual   to  give  it  in   the  form  of  ittfusion  of  aromatic  herbs, 

«h»cti  lend   to  make  it  less  nauseating  and  possibly  aid   the  sudorific 

Amongst    these   may   be   mentioned   elder   and   linden    flowers, 

'nile,  anise,  elm,  sage    (teacup  or  two  of  infusion,   1  :  15,  ounce 

A  IHlttOTi  of  Cutaneous  VcsscU —  Amongst  these,  alcohol 
(m  the  form  of  hot  punch)  holds  the  first  place.  Then 
'WW  the  nitrites,  especially  Spiritus  Aithcris  Nitrosi  (2  cc, 

'Jl'o^ii  ind  morphin  also  have  this  effect,  but  the  former  suppresses 
•■«»  fm  account  of  the  paralysis  of  the  nerve  endings. 

^'orfhin  forms  an  ingredient  of  the  diaphoretic  Dover's 
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A  dilatation  of  the  skin  vessels  may  alsi)  be  prcxlnceil  by 
irritation  of  the  cutaneous  nerves,  either  from  the  circu- 
lation [aconite,  16  drop  of  tincture)  or  locally  by  counter- 
irritants  {siiiaf^ism.  see  Chap.  XXIX.). 

5.  Nauseants. —  Diaphoresis  forms  one  of  the  features  of 
the  nausea  stage  of  emetics,  and  any  one  of  the  latter  may 
be  employed  for  this  purpose,  if  its  action  can  be  easily 
restricted  to  the  desired  limit.  Dm'er's  powder  (5  grs. )  is 
the  one  most  used,  as  it  also  has  the  dilator  and  general 
narcotic  aclion  of  the  morpiiin. 

6.  Stimulation  of  the  sweating  center  may  be  obtainetl  by 
camphor,  but  ammonia  (especially  in  the  form  of  L\q. 
Awmon.  Acci.  3ss  to  j)  is  the  most  useful. 

7.  Stimulation  of  the  Peripheral  Secretory  Nerves To  this 

class  belongs  ilie  \vh<tlc  pitijcarpin  series,  of  which,  how- 
ever, as  we  have  pointed  out.  the  pilocarpin  itself  is  alone 
used  in  practice. 


I 


INDIC.\TIONS  FOR  DIAPHORETICS. 

These  were  at   one  time   innumerable;   they  were  tl 
almost  entirely  neglected.  an<l  have  been   re-intnxluced  t- 
any  great  extent  only  comparatively  recently.     Thc)-  ma.; 
be  summarized  as  follows: 

1.  Removal  of  liquid  from  the  body. 

2.  Removal  of  poisons. 

3.  To  re-establish  a  disturbed  circulation. 

4.  Relief  of  kidneys. 

5.  To  increase  alkalinity  of  tissues, 

6.  In  ophthalmology. 

7.  To  re<hice  temperature. 

1.  Eemoval  of  Liquid  from  the  Body; 

(a)  to  cause  the  absorptiott  of  exsudates. 

(b)  m  obesity,  withholding  carbohydrates  at  the  sat 
time,  to  oblige  the  body  to  form  the  water  which  it  requir* 
by  the  combustion  of  its  adipose  tissue. 

For  tiiese  pnrpo.ses  any  of  the  diaphoretic  measures,  wr 
the  exception  of  hot  liquids,  may  be  used,  either  singly 
in  combination. 

2.  Removal  of  poisons  introduced  from  without  or  formr^ 
in  the  l>ody:  this  is  especially  valuable  in  chronic  inloxic^' 
tions.  as  by  As.  Pb.  Hg;  nicoiin.  morphin,  l)acterial  p*>is(»n> 
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in  fevers,  etc.) ;  snake  and  spider  bite;  uremia,  gout,  myx- 
edema, etc. 

3.  To  re-establish  disturbed  circulation  in  the  skin,  and 
thereby  to  rW/tiv  coitgcstioji  of  internal  organs:  this  de- 
termines their  use  in  colds,  rheumatism,  etc. ;  in  cold  skin 
from  whatever  cause;  in  inflammation  of  lungs,  pleura,  etc. 
.  When  a  strictly  local  congestion  is  to  be  relieved,  the  same 
results  may  l>e  obtained  by  counterirritanls  (see  Cliap. 
IXXIX). 

'      The  increased  vascularity  <>f  the  skin  is  alsr»  used  to  has- 
ten  the  outbreak  of  febrile  cxanthcmain,   to  promote  the 
,    absorption  of  salves,  etc.     Fiirther.  in  certain  diseases  of  the 
s\itn  where  its  nutrition  is  defective. 

4.  To    Relieve    Inflamed    and    Overtaxed    Kidneys The 

amo\mt  <»f  excremenlitious  material  removed  by  a  thorough 
sweating  is  really  rjuite  large,  and  this  gives  the  kidneys  a 
^cM^  measure  of  functional  rest. 

Ordinary    sweat    (Hoclscher.    1904)    contains   0.22   to   0.81%   of   a^h. 

and  004J   to  0084%    of   nitrogen,   mainly   in   the   form   of   urea.     The 

*i*rcal  excreled    under   the   influence  of  pilocarpin   contains   in   normal 

mrfiridwiU   0.051    to   0.085%   "^  nitrogen,   and   0.26   to   o.ji%    of   a<ih. 

TfiTTc   liter*    of    -sweat  —  a    not    unusual    quantity    after    pilocarpin  — 

*-»:>»jId  ihffefnr    remove   al»ont    2.^   Gm.   of   nilrogen.     In    nephritis,   the 

«ii«i-oKrn  o^ntrnt   may   be   much   higher,   to  o.j88%  ;   -jo  that   ihe   three 

li'^'*'''  could    remove   to   8    Gm.    of    nitroRcn.     This    indicates   how    cffi- 

<'^»^tU  thr  kidney*,  may  I)C  relieved  by  diaphoresis.     This  is  also  shown 

,fcy       tlw  examinatinn  of  the  hinod:   the  abnormally  great   depression   of 

frte/mg  point  of  ihe  blood  of  uremic  patients  may  be  reduced  to 

I   by    diaphoresis    (Bendix,    1904).    The    freezing    point    of    the 

of  normal  animals  is  not  affected.     Alimentary  glycosuria  could 

be  prrvtntcd  by  free  diuresis,  the  excess  of  sugar  being  excreted 

Vf     tic  §kin. 

5.  To  increase  the  alkalinity  of  the  tissues,  in  gout,  oxy- 

^tyric  acid  coma  (dial>etes),  etc.     Drugs  which  stimulate 

'^^  glandular  activity  directly,  such  as  pUoearpin,  mwsX  be 

^Vloycd  here,  since  the  sweat  is  acid  only  when  produced 

1"  this  manner.     This  removal  of  acid  is  so  marked  tliai 

}^*  iirinc  of  healthy   indivi<luals  may  be  made  markedly 

iKnline  by  an  injection  of  pilocarpin.     The  acidity  of  the 

'"^Inr  juice  may  also  be  diminished. 

^  In  Ophthalmology,  diaphoresis  has  been  found  useful  in 

conjjcstivc  atid  exudative  lesions  of  the  uveal  tract,  in  reti- 

'Iciarhment  and  in  toxic  blindness;  it  is  useless  in  atro- 

w  and  cicatricial  lesions. 
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7.  The  Beduction  of  Temperature  is  considered  in  Chapter 
XVII. 

(N)   MATERIA  MEDICA. 

(*  ^fuscan'H,  not  used:  close  would  b<r   10  to   100  mg.) 
Pilocarpus    (U.S.  P.)    (Jaborandi    Folia,    B.  P\.— labor  audi.— Laf- 
lets  of  Pilocarpus  microphyltus  and  P.  Jaborandi.  Rutacex.    Braril. 

Pilocarpin  (J4  to  !'^%).  Pilocarpidin,  isopilocarpin ;  (at  least  0.5%  of 
total    alkaloids,   U.S.  P.);    Gums;   Volatile   Oil. 

P..  Jaborandi  is  scarcely  to  be  found  in  commerce. 

Fluidiwti actum  Pilocarpi  (U.S.  P.)  [Exlr.  Jaborandi  Liquidum. 
B.  P.].— One-half  alcohol:  0.4%  of  alkaloid  (U.  S.  P.)  | Alcohol. 
B.  P.].  Turbid  with  water.  Dose:  0.3  to  2  c.  c.  (5  to  30  minims; 
(2  c-c.  =  30  m..  U.S.  P.). 

Tinctura  Jaborandi  (B.  P.). —  J0%.  One-half  alcohol.  Do^g:  2  to 
4  c.  c  (30  to  60  minims). 

Pilocarpintc  Hydrochloridum  (U.  S.  P.).—  C„H„N,0,.Ha.  Sol.0.3 
water,  j.3  ale.  Dose:  5  to  10  mg.  (V„  to  Vf,  gr.)  (10  mg.  =  H  gN 
U.S.  P.);   usually  hvEiodcnnically.     Locally  in  eve,  2% 

Pilocarpintr  jViWj  (U.  S.  P.,  B.  P.}.— Pil.rfNO..  Sol.  4.  water: 
60.  ale.     Dose:  as  the  preceding. 

*  Curara. —  The     important     constituents     have    already     been     noted. 

The  different  samples  of  the  drug  vary  so  widely  that  no  dose 
can  be  set  down.  Of  an  average  active  sample  0.008  to  0.04  Gm. — 
of  curarlu,  0.0025  to  0.03  Gm. —  intravenously,  have  been  stated  to 
be  efficient   in  man. 

♦  Tabacum.— The  dried  commercial  leaves  of  Nicotiana  Tabacvm,  So- 

lanacea?;  cultivated.  Obsolete.  The  dose  is  given  as  0.5  Gm. 
Nicotin,  Ci«Hi4Ni,  is  a  fluid,  volatile,  oxygen-free  alkaloid,  of  strong- 
ly basic  characters.  It  forms  salts,  most  of  which  are  soluble.  It  i* 
colorless  and  almost  odorless  when  freshly  prepared ;  but  it  partly  de- 
composes on  keeping,  acquiring  a  characteristic  odor  and  a  browm 
color.     The  dose  would  be  to  o.ooi  Gm. 

Conlum     (V.  S.  P.)     [Conii     Fructua.     B.  P.].— (Spotted    Hemhck.> 
Fruit    of    Conium    Maeuhtuni.    Umbelliferw.     Europe    and    Asia; 
naturalized  in  North  America. 
Cofiii  Folia,  B.  P. 

The  principal  constituents  have  been  given  (page  268)      (At  leasC 

0.5%   contJn.    V.  S.  P.) 
The  preparations  are  not   reliable. 
Fluidextractum   Conii  (U.  S.  P. ).— Acidulated  dilute  alcohol;  0.45** 
coniin.    Dose:    0.06   to  0.3    c.c.    (t    to   5    minims)     (0-2   c.  c.  —  3    ^■« 
U.S.  P.). 

Succus  Conii  (B.  P.).— 3*^?:  of  the  juice.    Dosf:  4  to  8  cc   (i  to 
a  drachms). 
Vnguentum  Conii  (B.  P.).— From  the  juice. 

Tinctura  Conii  (B.  P.).— JO%  in  three-fourths  alcohol,  nnsr:  2  to 
4  c.  c.    (30  to  60  minims). 

*  Cnniin,  C.HirN  — Dose.-  0.002  to  0.005  Gm. 
aeliemlum   (U.S.  P.)    [Oelsemil   Radix,  B.V.].—  (yell<nv  lasmime.) 

Rhizome     and     r(iots     of    Gehcmium    sempenircns.    Loganiiccc- 
Southcrn  United   States. 

♦  Gelsemin  and  Gel.seminin  ;  Volatile  Oil ;  Resin. 
Fluidextractum    Gclsemii    fU.  S.  P.).— Alcohol.     Dose:    0.05   c.c.= 

1    ITl. 
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(U.S.  P..    B.  p.).— io7o;     y^    alcohol.    Dose: 


Tinrfura     GeUfmii 
as  c.  c.  =  8  nv. 

•  iMfUfminin,  C^HaNiO..— Z)ojr-  aooos  to  0.002. 
Lobelia    (U.  S.  P.,    B.  P.). — {Indian    Tobacco.)     Leaves    and    tops    of 
LobrUa  inHata    (collected  after  a  portion  of  the   capsules  has  be- 
come inflated).  Ij:>l>el!ace3c.     North   America. 
Lnbdin    (C,.HHNO^ 

Fluidcxtractum     Lobelia     (U.S.  P.). —  Diluted     acetic     acid.     Dose: 
OXK  10  05  c  c,   (I   to  10  minims). 

finclura   Lobfii<r   lU.  S.  P.).— 10%.     Oiic-half  alcohol.     Dose:   Ex- 
pectorant,  I   c.  c.  =  15111. ;  emetic,  4  c.  c.  =^i5. 

Tinctura  Lobelia  jEthcrea   (B.  P.)— ao%  in  spirit  of  ether.    Dose: 
0-3  10  i  c  c,   <  5  to  30  minims). 

Scoparhift    (L-.  S.  P.)     [Scoparii    Cncumina,    B.  P.].—  {Broom    Top) 
The   tops  of   Cytisus  Scofarius.  Lcguminosae.     Western  Asia   and 
Southern   Europe;  naturalised.     Dose:    1   Gm.  =  15  grs. 
.    Sjiartcir.  Scoparin,   Tannic  Acid. 

Srartcina  Sulphas  (U.  S.  P.).— CuH,N,.H,SOi  +  5H,0.  Sol.  i.i 
micr,  i^  ale  Dose:  0.006  to  0.03  Gm.  (Vw  to  ^  grs.)  (10  mg.  =  H 
p..  L-.S.  P.) 

tnfusum  Scoparii  (B.  P.).— 10%.  Dose:  jo  to  60  c.c.  (l  to  2 
ozs.). 

Succus  Scoparii  (B.  P.).— 3%  of  the  juice.  Dose:  4  to  8  c.c.  (i  to 
a  drachms  V 

PhyMstisma    (US.  P.)    [Physostistiutli    Semlna,    K?.].— (Cala- 
bar  Bean. )     The    seed    of  Pliysosti^m,i    I 'fut'nosum.    Legumtnosx. 
Tropical  Western  Africa.     Dose:  o.i  Gin.  =  i Vi  grs. 
Phywysiigmin.     Eseridin.     Cal.-ibarin.     (.At     least     0.15%     alkaloids, 

US.  P.) 
F-wndin  has   an  action  simitar  to  Physostigmin.  but  weaker.     Cala- 
barin  belongs  to  the  Strychnin  grf>up. 

t  y  liquid  preparations  spoil  very  rapidly  and  are  unreliable  unless 
T-  -  Iv  made. 
!;    '  :i-r    ( i8go)    claims  that  the  reddening  docs  not   interfere   with 

1  -       :ictinn,  hut  renders  the  !inliuirins  m<ire  irritant. 

-I"  Hhysostitimatis  (U.S.  P..  B.  P.).— Alcohol.  Powdered: 
■I'h.  Dose:  0.006  to  0.01s  Gm.  (*/»•  to  f-i  grain)  (8  mg.  = 
..■-  xr.  ISP). 

Tmauta  Physostifimatis   fU.  S.  P.V— 3%   .Mcohol.  0,014^  alkaloids. 
Pwr:  06  to  2  c.c.  7  ID  to  30  minims)    (l  c.  c.  =  IS  IH-.  U.  S  P.). 

rjjw/fifwiW  (E^erinz)  Sulphas  (U.  S.  P..  B.  P.").— (C,»H.^N,0,).. 
n,SO»    Ven*  sol    in  water  or  ale      Dose:  0.5  to  2  mg.  (Vto*  to  V"  gr. ) 
*'  n«=V«'  ST..  r.  S.  r.V     Locally  in  eve.   'A.  to   Vj%. 
/^"JtfoHitwiW  Saiicytas    fU.  S.  PL— Sol.    72.5   water,    WJ  alcohol. 


Oou  as  the  preceding 
*-*»^tla  FhysostigmifKT  (B.  P.).— Each,   '/.««  grai 


CHAPTER  XIII. 
INTERNAL  SECRETIONS. 

Internal  secretions  may  be  defined  as  specific  substances 
lormed  within  a  p^landular  organ  and  given  off  to  the  blood 
*^'y^h.    (Howell.) 

Not  official. 


286 


INTERNAL    SECRETIONS. 


P 


This  subject  is  generally  treated  in  text-books  of  physiology;  but 
u  belongs  equally  to  pharmacology,  since  the  aclions  of  these  sub- 
stances arc  strictly  pharmacologic;  ami  llicir  importance  in  therapeu- 
tic? is  ^iccotul  only  to  their  physiologic  significance. 

Historical.—  The  phenomena  of  life  are  often  associated  with  the 
production  of  poisons.  A  great  variety  of  these  poisons  is  elaborated 
by  plants  and  by  lower  animals;  and  they  serve  important  function* 
in  the  economy  of  these  organisms.  It  would  seem  logical  to  look  for 
similar  active  substances  in  the  higher  forms  of  life.  Such  were  found 
to  some  e.xteiit  in  the  ordinary  excretions,  but  the  discovery  of  active 
internal   secretions  is  of  comparatively  recent  date 

Our  knowledge  of  this  subject  was  started  by  Claude  Bernard's  dif- 
coverj'  of  the  glycogenic  function  of  the  liver.  Brown-Sequard,  basing 
himself  upon  this  mainly,  advanced  the  brilliant  theory  of  what  he 
was  the  first  lo  call  '*  internal  secretion,"  of  its  important  functions  10 
the  organism,  and  suggested  it  as  a  possible  new  field  in  therapeutici. 
Sequard  ilcnioiistraled  none  of  these  secretions,  much  less  iheir  pas- 
sage into  blocpct  and  lymph.  Since  that  time  great  advance  has  been 
made  along  this  line.  Internal  secretions  have  been  demonstrated  in 
glands  with  and  without  ducts.  Fatal  effects  of  excision  of  some  of 
tlie^e  organs  —  c.  ^.,  the  thyroid  —  first  scr\*ed  to  direct  attention  lo 
their  secretory  function.  Further  investigations  showed  that  the  ex- 
tracts of  these  glands  possessed  specific  physiologic  propertie.*.  Tlie 
latter  correspond  for  the  most  part  lo  those  of  memlwrs  of  the  series 
comprised  in  this  treatise  between  the  extremes  of  atropin  and  physo- 
stigmin. 

A  powerful  impulse  was  given  to  this  field  of  investigation,  and  it 
was  soon  fo;nid  that  most  tissues  —  nervous  and  muscular,  as  well  a& 
glandular  —  produce  some  effects  (especially  on  blood-pressure),  when 
the  extracts  .ire  injected  inlo  (he  circulation. 

The-^e  discoveries  found  imnwdiate  |)ractical  application  in  pathology 
and  therapeutics  —  often  withoul  awaiting  the  thorough  scientific  in- 
vestigation of  the  substances.  These  empiric  uses  and  specnlations 
arc  open  to  severe  criticism.  But  the  important  results  which  have 
followed  the  scientific  study  of  the  suprarenal  and  thyroid  secretions, 
etc.,  are  sufl^cicnt  to  show  that  the  field  has  great  possibilities,  ap- 
proaching in  importance  the  antitoxins  and  ferments,  which  are  in  a. 
sense  internal  secretions. 

The  investigation  of  these  svibstances  must  bear  on  the 
isolation  and  cbemic  stiuly  of  tlie  aclive  substance,  its  action?, 
its  functions  in  physiology.  an<l  its  effects  in  disease. 

It  is  very  probable  that  the  chemic  characters  differ  for 
the  various  principles.  The  active  principle  of  suprarenal 
is  an  nlkah^id  :  that  of  thyroid  is  a  constituent  of  a  proteid 
(bnt  is  not  itself  a  proteid)  ;  the  others  have  not  been 
isolated  sufficiently  pure  for  identification. 

Manner  of  Action. —  There  has  been  considerable  discus- 
sion as  to  whether  the  function  of  these  substances  is  atiti-J 
toxic  or  physiologic  —  i.  e.,  whether  they  are  chemically  oi 
functionally  active. 


I 
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Th«y  certainly  are  the  latter,  for  their  physiologic  activity  is  easily 
drmon^iraied  by  injection  or  feeding.  As  to  the  former  —  the  chemic 
destruction  of  poisons  by  them  —  very  Utile  is  known.  However, 
>onie  of  them  favor  oxidation,  which  is  undoubtedly  a  normal  aid  in 
the  removal  of  poisons.  Such  chemic  and  oxidative  action  is  also 
renJcrcd  very  probable  by  the  fact  that  blood  of  animals  from  whom 
ihc  glands  have  been  excised  is  toxic  to  other  animals,  especially  when 
the  glan<ls  from  tlici>c  have  also  been  removed.  But  even  this  is  not 
deci>ue,  for  it  still  remains  to  be  shown  whether  it  is  the  gland  itself 
or  Its  products  which  possesses  the  antitoxic  action. 

These  glands  appear  to  vary  considerably  in  their  activity  at  differ 
ent  ages.  Thus,  the  thyroids  are  more  active  in  children,  almost 
inactive  in  old  people.  The  activity  of  the  glands  appear  compara- 
tively early  m  the  embryonic  life,  the  order  varying  somewhat  in  dif- 
ferent genera:  In  the  human  embryo,  first  in  the  thymus,  ihcn  the 
thyroid,  and  lastly  the  suprarenal.  At  birth,  the  thyroid  is  devoid  of 
lodm. 

The  ba<l  effects  following  the  excision  of  these  glands  can 
n  all  cases  be  removed  if  the  gland  substance  is  a<iministered. 
This  is  usually  active  when  given  by  the  mouth,  which  con- 
stitutes a  very  marked  difference  from  antitoxins.  The 
latter  are  typical  proteid  b4xlies  (globulins),  and  are  de- 
stroyed in  the  stomach. 

I.  SUPRARENAL  ALKALOID. 

Active  Principle* — The  active  principle  of  the  suprarenal 

glan(h  is   a   typical   alkaloid   which   has   1>cen   named   r/»;- 

W4'/'/ir»«,  suprarenin,  adrenalin,  etc.     Its  formula  is  given  by 

\T>eUs  C,oH,:,N"0.,-V^IT.O  (the  HoO  being  water  of  con- 

■i'>n.  not  of  crystaHizalion).'     Epinephrin  can  also  be 

led  in  an  amoiplious  non-hydrated  form.     Derivatives 

Have  been  obtained  from  both  forms,  some  of  these  being 

tivt   others    inactive.     The    hydrate    is    precipitated    in 

vhat  impure  form  as  crystals,  when  ammonia  is  added 

<<i  a  concent  rated  solution.    This  reaction  is  the  basis  of  the 

t^^t^atioii  of  the  commercial  crystalline  alkaloids    (  first 

1>^Ted  by  Takamine).     It  is  fair  to  state  that  other  in- 

iwigators  claim    a    slightly    different    composition.     The 

"J«iM  gland  contains  at  least  0.3%  of  the  alkaloid,  which  is 

tounfl  exclusively  in  the  medulla ;  it  is  often  absent  in  glands 

*iiicli  have  undergone  pathologic  changes.     (The  gland 

m  nian  wotild  contain  about  7  mg.). 

rtt«  in  Body. —  The  alkaloid   seems   to  l>e  very  slowly 
aosorhrd  (rum   hypodermic  injection,    and   scarcely  at   all 

'^  fertwjli  of  acfwnjilm   i»   given   u   C,H,,NO,    (Aldricli). 
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from  the  stomach.  On  tlie  pther  hand,  it  is  very  rapidly 
destroyed  in  the  body  by  oxidation.  For  these  and  other 
reasons,  the  action  is  very  short,  and  very  Httle  effect  is 
obtained  by  h3''podermic  or  gastric  administration.  Little. 
if  any,  is  excreted  as  such  in  the  urine.  The  solutions 
are  not  affected  on  boiling  for  a  short  time,  but  alka- 
line or  neutral  solutions  are  oxidized  on  cxix)sure  to  the 
air;  dilute  solutions  do  not  keep  well. 


SUMMARY  OF  ACTIONS. 


1 


Epinephrin  stimulates  the  physiologic  endings  of  sympa- 
thetic nerves,  in  smooth  nniscle  and  in  glands.  (In  struc- 
tures in  which  sympathetic  stimulation  hiwcrs  the  tone. 
epinephrin  also  causes  relaxation.)  It  also  has  a  stimulant 
action  on  cardiac  and  striped  muscle. 

It  has  hut  little  effect  on  the  central  nervous  system. 
The  actions  are  only  obtained  typically  on  local  or  intra- 
venous administration.  They  disapi>ear  quickly.  The 
stimulations  are  not  followed  by  paralyses. 

The  actions  of  epinephrin  result  in  the  following  phe- 
nomena : 

1.  Rise  of  blood -pressure,  due  to  vasoconstriction,  mainly 
of  the  systemic  arterioles  (stimulation  of  constrictor  end- 
ings). 

2.  Sloicing  of  the  heart,  due  to  vagus  stimulation,  mainly 
secondary  to  the  high  blorxl-pressure. 

3.  Itiereased  contractility  of  the  cardiac  muscle  (digitalis 
action). 


I 


4-  Cotftraciipn  or  relaxation  of  uttsirifu'd  musclr  in  many  ^itiiallons 
(stimulatioti  of  sj-mpathetic  endings).  The  effecbi  arc  somewhat 
variable  for  difTcrciit  animals. 

_  In  sonip  situations  the  unstriped  muscle  is  not  affected.  The  situa- 
tions in  which  the  muscle  is  excited  to  coijtraction  are:  Arteriole*, 
dilator  of  iris  (tnydriasis).  ntenis,  seminal  vesicles  and  vas  deferens 
(anal  sphincter  in  some  animals),  ercctores  pilorum.  TTie  muscles 
which  arc  depressed  and  relaxed  by  epinephrin  are:  Stomach,  in- 
testine {lessened  peristalsis),  biliary  and  urinary  bladder  (anal  sphinc- 
ter in  some  animals).  H 

5.  Prolongation    of    the    contraction    of    striped    muscle     (yfratrin^ 
action). 

6.  Stimuhtion  of  secretory  celts  in  the  salivary  glands,  hrnnehial 
mucosa.  lachrj-mat  glands,  and  increased  secretion  of  Silc  (the  effect 
on  sweat  is  uncertain ) .  The  e  flFect,  I  ike  that  on  unstriped  muscle, 
occurs  after  the  degeneration  of  the  postganglionic  fibers. 

7.  Depression  of  the  respiratory  center  nn   intravenous  injection,  but 
of  respiration  on  subcutaneous  administration. 
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R  Glycosuria,  due  to  the  conversion  of  plycogen  into  sugar. 

9-  Epinephrin  has  no  effect  oti  nene  trunks,  nor  on  sensory  nerves. 

Details  of  Important  Actions  —  Circulation.* —  The  intravenous 
injection  nf  epinephrin  in  :i  normal  animal  pr«Hltices  the  striking  phe- 
nomena depicted  in  Fig.  62,  first  described  by  Oliver  and  Schaefer, 
1894,  The  blood  pressure  rises  sharply;  as  it  approaches  its  maxi- 
mum, the  heart-beats  are  greatly  slowed  and  strcngihencd.  The  pres- 
sure is  not  sustained,  but  returns  quickly  ti>  norniaE,  The  heartbeats 
also  return  to  their  former  rale;  but,  as  may  be  seen  from  the  tracing, 
more  slowly  than  ihc  pressure. 

These  phenomena  are  due  to  the  interaction  of  three  factors:  vaso- 

cott'^triction,   vagus-stimnlatiou.   and   stimulation  of  the  cardiac  muscle. 

Stimulation  of  the  Cardiac  Muscle.^  The   perfusion   of  adrenalin 

tWugh   the   excised   mammalian   heart    (Hcdbom,   Cleghorn.   Gottlieb, 

Botutuu).  or    its   direct    application    to   a    frog's   hearl,    quickens   the 


^•—Suprarenal    on    nicKxl-nressiirc,    doK,     1 VS    drops    per    Kg.    of    l.iooo 
tnjedcd    tntravenouflly    ar    II.     1'.=  Blood-pressure    in    m.  m.    of    Hr. 

r»tc  and  increases  the  amplitude  of  the  contraction  (Fig.  63).  The 
twit  1;  Kjr^.  markedly  increased,  often  doubled.  These  actions  occur 
"f"  Jiropin.  Existing  irregularities  are  removed,  and  the  effects  of 
'"iNiiiUr  depressants  are  counteracted.  .'V  hearl  which  has  ceased  to 
'►cat  Riay  qJ|^„  Ijp  revived  by  this  drug  (Fig.  (14).  The  action  is 
'^frefor  oitirely  analogous  to  that  of  digitalis.  {Indeed,  the  whole 
rfftti  of  suprarenal  on  the  circulation  bears  a  close  resemblance  to 
">«  of  (ligji^li*;^  a(  jpjj^t  superficially)  The  cardiac  stimulation  plays 
3  subordinate  part  in  the  rise  of  blood-p  res  sure. 

''  cannot  yet   be   definitely   stated  whether  the   stimulation   involves 
Im  muscle-fibers  or  the  accelerator  endings. 

'EtcrdM  59. 
I  — 10 
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Vagus  Stimulation. —  In  intact  animals,  suprarenal  slows  the  beat 
very  materially  (in  contrast  to  its  effect  on  the  excised  heart),  the 
excursions  being  increased  proportionally  to  the  slowmg.  The  phe- 
nomenon corresponds  to  vagus  stimulation,  and  is  indeed  absent  if  the 
vagi  have  been  cut.  The  vagus  excitation  is  therefor  central.  As 
may  be  seen  on  the  tracing,  the  slowing  occurs  only  aftt'r  the  rise  of 
blood-pressure.  This  suggests  that  it  may  be  an  indirect  effect,  i.  r, 
that  the  vagus  center  may  be  stimulated  by  the  rise  of  blood-pressure, 
rather  than  by  the  suprarenal.  This  concluyon  is  confirmed  by  the 
observation  that  the  slowing  disappears  at  once  if  the  blood-pressure 
is  reduced  to  the  normal,  by  bleeding;  it  is  also  absent  when  adrcnalm 
is  injected  after  the  vasomotor  endings  have  been  paralyzed,  but  when 
the  vagus  endings  are  quite  active.  Some  observers,  howewr,  claim 
that  the  vagus  is  also  stimulated  peripherally. 


I 


Fig.    6y —  Suprarenal  extract   od    isolated    heart    (after    Hctlbom) :    a,    Nonsil; 
b,   four  tninutu  alter  injection;  c,  five  to  six  minuted  (.Langcndurfl  method.) 


Pig.  64. —  Revivil  of  Langendorff  beart  by  ndrrnaim.     The  druR  is  sdded  M  .^ 

The   slowinff  tends  to  lessen   the   rise  of  blood- pressure,   and  thicj 
mounts  much  nighcr  if  the  vagi  arc  cut. 

A  sctotidiiry  ittcrease  of  the  pulst'-ratc  is  sometimes  seen,  and  U  il-i 
trihuted  to  centra!  and  peripheral  stimulation  of  the  accelerator 
(Noujean.  1905). 

The  Vaso-Constrtction.— It  can  be  easily  shown  that  thU   is  ibej 
main  cause  of  the  rise  nf  blocKl- pressure,   for   the  volume   of  org^B^ 
the  venous  pressure,  and  llie  outflow  of  bloo<l   from   veins  are  all 
minislied  during  the  rise  of  the  arterial  pressure.     The  vas»i-constri< 
stimulation   is   mainly   peripheral,   for   it   occurs   eqtially   readily  if  t! 
central  nervous  system  has  been  destroyed;   furthermore,  the  additit 
of  snprar^-na!  to  the  fluid  stops  the  flow  through  excised  organs  alini»< 
completely  (Bier.  1807).    The  constriction  cnn  also  be  produce  ■ 
by  tile  direct  appltcalivm  of  suprarenal  "Solutions  to  mucous  n\ 
or  open  surfaces.     .\  stimulation  of  the  vasomotor  center,  if 
at  all,  must  play  a  very  subsidiary  role  to  this  peripheral  slimtilatl 

The  rise  of  pressure   is,  within   certain   limits,   roughly   propoi 
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Jose  of  thr  suprarenal.     Even  very  large  doses  (7,000  times  ihe 
effcciive  quantity)  do  not  paralyze  the  vasomotor  mechanisms. 

Differences  in  the  Susceptibility  of  Special  VesscU.—  Wliilst  the 
bulk  of  the  vessels  in  the  body  respond  to  suprarenal  by  constriction, 
the  effect  is  nnt  imitnrni  on  all.  The  .■strongest  constriction  is  observed 
in  the  splanchnic  and  miiscnlar  vessels.  The  effect  is  less  on  the  ves- 
sels of  the  skin;  it  is  weak  or  absent  in  the  cerebral  and  pulmonary 
vessels.  ( Brodie  and  Dixon,  1904,  failed  to  find  any  constriction  in 
the  latter,  but  Plumier,  1904,  claims  that  it  occurs,  although  weakly 
and  only  with  large  doses)  The  kidney  vessels,  in  the  intact  body, 
are  first  strongly  constricted,  diminishing  the  urine  flow ;  but  they 
dilate  when  large  doses  are  used,  increasing  the  urine  (Bardier  and 
Frenkel.  iSgy). 

Those  vcsseU  which  are  but  little  affected  by  Ihe  direct  action  of 
the  suprarenal,  f.  i.,  the  cerebral  vessels  (Neujean,  1905),  arc  passively 
dilatrd  in  the  intact  aninial.  on  account  of  the  displacement  of  the 
hi. -ul   from  the  mttrc  powerfully  constricted  areas. 

Dilator  Action  of  Suprarenal. —  Brodie  and  Dixon  often  observed 
that  the  vessels  were  dilated  by  suprarenal.  In  the  freshly  excised 
kidney,  suprarenal  causes  a  powerful  constriction;  but  some  time  after 
the  excision,  it  dilates  the  vessels  (Sollmann,  1905).  The  same  phe- 
nommon  was  observed  in  the  posi-morlcm  perfusion  of  the  dog's  leg. 
In  the  ear  of  the  living  rabbit,  the  constriction  is  also  followed  by 
«lilatioil   (Meltzer  and  Auer,  1904). 

It  is  evident  that   suprarenal   stimulates  a  dilator,  as  well  as  a  con* 

4|rict'ir  nu-chA»ism.     Tlir  constrictor  action  is  so  much  more  powerful, 

\\yxi    rli^    .lil:.n.,n   Can  ouly  be   seen   in   organs   which   do   not   respond 

I  .  naturally  or  through  injury  to  Ihe  constrictor  mechan- 

i-  '-  mechanism  being  evidently  less  affected  b_v   injury. 

Structures  Affected  by  Suprarenal.—  The  peripheral  action  of  sn- 

r*-rn1  n>uld  be  exerted  either  on  the  nerve  endings  or  on  the  muscle 

■■-  til*      ifJanglia  can  be  readily  excluded.)     If  Ihe  action  were 

•'  1   the  cells,  one  would  expect   the  effects  on    different  struc- 

!  ■.■    rather   uniform.     This   is   not   the  case:   and    it   is    rather 

that    the   effect   on   all   organs   whether   it   increases  or   in- 

i  r    function,   correspond   quantitatively   and    qualitatively   with 

t  of  stimulation  of  sympathetic  nerves:'  whilst  cells  not  siip- 

sympaihetic    innervation     (such     a<i    the    muscles    nf    Ihe 

1  o,   do  not    respond   to  suprarenal.      Brodie   and    Dixon  have 

.»wn  that  the   (vascular)   effects  are  prevented  by  apocodein, 

Mii.cli  paralyzes   the  sympathetic   endings;   whilst  barium    (w'hich   acts 

rl'rrctly   on   the    muscle)    is   not   hindered   by   apocodein.     Clirysotoxin 

'i-ri;*>t)  acts  in  the  same  manner  as  apocodein   (Dale  —  Sollmaim  and 

Mn-un.  iQO<;).     Onlv  one  conclusion  seems  admissible,  viz.,  that  sttpra- 

'    '-*,    -     'ttmuhjtin^  the  sympathetic  endings.     It  has  been  found, 

:t    preserves   its   ;ictiou    for   .several    weeks  after   section 

i  iclio    ner\'c.    peripheral    to    the    ganglia     ( Elliott.    Ham- 

tbc    nerve    filieri    have    presumably    degenerated.     This 

•  :      n-d  on  the  assttmption  that  the  physiologic  nerve  eridings, 

I     arc  stinuitatcd  by  suprarenal,  do  not  degenerate  on  itection   of 

,'*rve 

Th;*   Cause  of   the   Brief   Action   of   Suprarenal. —  The   action   of 

r|i^isf*iHMr'^   vvitliiri  ;t   few  minutes,  a:^  may  be  seen   from  Fig. 

of   *ui)rarcnal    in   alkaline   solution    seemed   tt)   e.v- 

fi;   direct  experiment*,  however,  have   shown  th.it 

Tin*  r\i"i-ti,..i)..Ti  in  t-  not  snffice.     Emden  and  von  Fuerth  (190.1)   found 

*  lOrvf  tKHnici]  nut  by  Ijinglcjr,  1901,  and  cxtcnilctl  hy  Eltioit.  1904  and  lOOS- 
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that  the  activity  is  but  litllc  impaired,  in  this  short  time,  by  diKesting 
adrenalin  with  binorl  and  orgnns.  They  suggested  tliat  the  disappear- 
ance of  the  action  niiKht  he  due  to  diffusion  into  the  tissues.  Weiss 
and  Flarris  (if;o4),  however,  showed  that  the  adrenalin  is  still  present 
in  the  bh)od,  at  a  time  when  its  action  has  completely  disappeared: 
for  they  found  tliat  when  the  blood  was  withdrawn  at  Ihi*  time  and 
injected  into  a  second  animal,  the  latter  showed  the  typical  adrenalin 
ri'ic.  Elirmann  (1905)  has  confirmed  this,  using  the  mydriatic  effect 
on  the  frog's  eye  as  indicator.  (DeVos  and  Kochmann  (1905)  clainri, 
however,  that  it  (Jisappears  within  .3  to  10  minutes.)  Nor' can  we 
acconiu  for  the  fugitive  effect  by  assuming  that  the  vessels  cease  to 
respond:  for  a  renewed  injection  of  adrenalin,  made  at  this  lime,  will 
again  raise  the  pressure;  and  continuous  injection  of  adrenalin,  or 
contmuous  perfusion  of  excised  organs,  will  exhibit  the  action  for  a 
long  time.  A  sufficient  explanatidu  of  the  quick  reciivery  of  blood 
pressure  is  therefore  wanting.  Destrncticn  of  the  cpinephrin  is  un- 
doubtedly a  contributing  factor,  an<l  is  perhaps  princiv»ally  involved  in 
the  inactivity  of  suprarenal    when   administered   hypodermically. 

The  suprarenal  glycosuria'  has  been  studied  especially  by  Hcrtcr 
and  Wakeinan  (  I'xuM  and  Ijv  U.  Noel  Paton  i  1903).  The  kidneys  are 
not  involved  in  the  production  of  this  glycosuria.  The  excretion  of 
sugar  is  markedly  higher  on  carbohydrate  dif^t.  or  in  animals  rich  in 
glycogen:  but  some  sugar  is  excreted  even  by  glycogen-free  animaU 
on  a  non -carbohydrate  diet:  the  sugar  may  therefor  come  in  part  from 
proteuN,  just  a-^  in  pancreatic  diabetes:  indeed,  pancreatic  and  supra- 
renal glycosuria  present  many  analogies.  In  cither  case,  the  process 
consists  mainly  in  a  lessened  utilization  of  sugar.  The  excretion  of 
urea,  and  especially  of  ammonia,  is  markedly  increased  in  suprarenal 
diabetes,  esfieclally  if  carbubydrate.s  arc  deficient.  The  urine  does  nol 
contain  acetone  nor  diacetic  acid.  The  glycosuria  can  be  produced  by 
hypodermic  as  well  a^  by  iniravenoiis  injection.  It  is  especially 
marked  when  suprarenal  solution  is  painted  on  the  pancreas.  l>ul  it 
is  quite  pti.ssifde  that  this  glycosuria  involves  another  mechanism 
(stimulation  of  afferent  nerves).  Other  reducing  substance  also  pro- 
duce this  glycosuria  when  applied  to  the  pancreas.  Underbill  ( 1005) 
showed  that  piperidin.  nicotin,  etc  ,  also  cause  glycosuria  when  panned 
on  the  spleen,  or  when  injected  into  the  circulation  or  peritoneum. 
The  effect  is  therefore  not  duo  to  a  direct  action  on  the  pancreatic 
colls,  but   may  Ite  circntalnry. 

Influence  of  Dosage  on  the  General  Effect!.— The  effects  of  in- 
travenous injection  vary  with  the  dose.  The  results  of  increasing 
doses  may  be  tabulated  as  follows  ( Langley,  1901)  : 

(d)   Rise  of  blood  pressure. 

(b)   Inhibition  of  bladder,  mydriasis.' 

(r)  Contraction  of  ntenis,  vas  deferens,  and  seminal  vesicles ;  saliva- 
tion and  lachrymation :  inhibition  of  stomach  and  gall-bladder ;  m- 
creased  bila  secretion;  inhibition  or  stimulation  of  internal  anal 
sphincter. 

(d)  Contraction  of  erectores  pilorum. 

Uncertain  effect  on  tunica  dartns  and  on  sweat. 

iV   dosi's   cause   vomiting,    excitement,    dehilitv.    bloody   diarrhea. 

iuria,  ascending  central  paralysis,  ^rcat  fall  of  temperature,  occa 

ally    convulsions,    complete    prostration,   and    death    by    respiratory 

)  or  cardiac   (dog)   paraWsis.     The  fatal  dose   (o.f   lo  0.2  mg.  p^r 

intravenously,   or  5  to  6  mg.    per    Kg.   hypodermically)    is  about 

'  Thr  influence  of  thr  cervical   sympatlirtic   RanftHon  on   the  pupitUry  cffectf 
adrenalin    arc   dcwrihevt    by   Meltzer  &    .'Suer    (t904>. 
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500  limes  iht  therapeutic  dose.     A  noticeable  rise  of  blood-pressure  can 
fie  wen  after  V'm«»  of  the  fatal  dose. 

Smaii  hypodermic  doses  increase   respiration,  pulse-rate,  metabolism, 
and  lein;>cranire.  without  altering  the  blood  pressure. 

SmfirarrHal  .ItfuToma. —  This  was  first  produced  by  Josuc  (l903)by 
rrprated  intravenous  injection  into  rabbits.  The  essential  lesion  con- 
sists of  degeneration  and  calcification  of  the  elastic  fibers  of  the  tunica 
media  of  ihc  larger  iirlene*.,  beginning  in  the  aorta.  This  results  in 
parietal  aneurisms,  extending  to  the  hilus  of  nrgans.  (The  lesions  do 
nt4  corrc^piind  with  iho-^e  of  artcrio-sclcrosis. )  Erb  ( 1905)  con- 
cinder  thai  the  atheroma  is  caused  Iiy  a  direct  toxic  action,  and  not  by 
hiftb  bluod  pressure;  for  it  occurs  with  intraperitoneal  injections 
which  do  not  affect  the  pres*ure. 
No  tolerance  is  induced. 

Esiuion  of  both  suprarenal  glands  produces  death  in  a  few  days. 
There  m  fall  of  blood-pressure,  muscular  weakness,  decrease  of  metah- 
oli»m,  fall  of  temperature,  central  paralysis,  death  by  failure  of  respira- 
tion. 

The  injection  of  the  blood  of  the  moribund  animals  into  a  normal 
iptcimen  causes  analogous  symptoms.  Unilateral  excision  has  usually 
Itttic  effect. 

That  the  active  substance  is  actually  excreted  by  the  glands  into 
the  blood  is  shown  by  the  fact  ilut  the  blood  of  the  suprarenal  vein 
proHiirts  the  typical  effect.  1  be  substance  is  carried  in  the  plasma, 
' '  corpuscles. 
tt  (1905)  believes  that  adrenalin  is  also  present  in  special  cells 
ir»  TJther  situations,  hut  always  closely  associated  with  sympathetic 
0Mtia  (f.  i .  in  the  intercarotirl  bodyl.  This  indicates  that  sym- 
p«wt!c  stimubtion  is  affcclcd  by  both  a  chemic  and  a  nervous 
fnerhinum 

,  Relation  to  Other  Groups. —  Epinephrin  is  related  chemically  ta 
piffridm  and  pyrocateehin.  These  produce  a  similar  rise  of  blood 
pressure,  but  they  also  stimulate  the  respiratory  center.  The  action 
o"  muscles  and  endings  places  epinephrin  in  the  pilocarpin  group:  its 
•clion  on  the  heart  is  related  to  that  of  digitalis,  that  on  skeletal 
ttn^lcH  to  vrratrin. 

Ji   is  stated    that   epinephrin    is  antidotal  to  toxic   doses   of  nicotin, 

*'^':"n.  neurin.    and    •^trophanthin,   so  that   some   of  the    resemblances 

'"  I*c  rather   'iu|irrticial. 

\^ni.hetlc   Epinephrine. —  \  number  of  related  structural    formul* 

^?    befn  proposed   for   suprarenal   alkaloid.     The   two   following  are 

«w  most  commonly  accepted ; 


OH 


0"" 


OH 


nr 


CH  (OH) 
CH,.  NH.  CH, 


CH.  NH.  CH, 

CH«  OH 


Anontinff  10  thene.  the  nlkaloid  consists  of  a  catechol  nucleus  with 
JO  c»whyi  methyl  amin  side-chain.  Very  similar  products  can  be 
fffyfl'M  (yniheiically.  and  a  number  of  these  act  very  similarly  t<i 
.iiirnrrnil     I..rv%i    r.n'1    H     Mcycr    (1905)    found    that    amino-acetyl- 
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calccliol,  and  its  methyl  and  ethyl  derivatives  produced  the  typicX 
effects  of  adrenalin  on  the  arterioles,  heart,  and  pupil,  as  also  the  glyco 
sttria  and  atheroma;  larger  doses,  howrver.  were  required.  Oafcit 
(1905)  has.  prepared  a  synthetic  base  which  approaches  adrcnalii 
still  closer  in  it»  compositiun,  and  which  corresponds  to  it  quanttU- 
tivcly  in  its  actions.  The  activity  appears  to  reside  in  the  catechol 
nucleus,  but  to  be  greatly  enhanced  by  the  intro<luction  of  the  abovi 
or  similar  sidc-chams. 


THERAPEUTIC  USES. 
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The  vasoeontrictor  action  of  the  suprarenal  preparations 
is  the  most  important  of  these  actions  from  the  tlierapciitic 
standpoint.  Tliey  surpass  all  other  drugs  in  this  respect. 
The  local  application  is  most  effective.  The  I  :  10,000  to 
I  :  1 .000  solution  of  the  alkaloid  is  used  /('  check  capillort 
hemorrhage  in  situations  accessible  to  its  local  applicition 
(especially  in  nasal  and  laryngeal  oi>erations)  ;  as  alsa 
agninsl  jjastric  hemorrliage.  Che^inng  of  suprarenal  tab-* 
lets  arrests  nasal,  pulmonary  and  gastric  hemorrhage,  prolx 
al)ly  by  a  reflex  vasoconstriction.  The  preparations  in  xhi 
above  strength  are  often  employed  in  conjunction  witl 
cocain  to  prevent  the  absorption  of  this  alkaloid.  thercl>^ 
increasing  its  local  action  and  lessening  its  systemic  effccti 
Suppositories  are  used  against  bleeding  hemorrhoids. 

Beneficial    effects    from    suprarenal    arc   also   claimed    in    hayfn** 
The  treatment   consists  in   local   application  to   the  mucous  Tn  -tt:1  : 
of  the  nose,  and  chewing  the  tablets,  once  or  twice  a  day,  hi.>;.n; 
two  or  three  weeks  l>efore  the  expected  attack  and  i.ontinuing  thrau] 
out  the  season. 

The  powerful  general  iHisoconstnction  which  can  he  secup^' 
suprarenal    prcTiiirations  would    render  them   very   useful   in   \ 
depression,    especially    in    shock    and    in    the    ocridmts   of   an. 
Their  usefulness   is.  however,  limited   by  the  difficulty  of  their  adi 
istratinn.     No   effect  can   be  expected   from   their  use  by   mouth. 
even    hypodermic    injection    (combined    with    massage   of   the   sitej 
injection)   is  uncertain  and  not   sufficiently  powerful.     OinicuHy, 
ever,    it    ha<;    been    observed    that    the    hypodermic    injection   of   ; 
doses  of  adrenalin  seems   to  cut   short   paroxysms  of  asthma,  wiU 
being  either  curative  or  prophylactic.     Intramuscular  injection 
effective   ( Meltzcr  and  Auer.  1905).     To  secure  a  marked  and  1; 
rise,  the  drug  must   he   used   iijtravenouslv,   and   almost   conti 
Extracts    arc    inadmissible,    on    account    of   tbe    danger    of    - 
I  *  10,000  solution  of  the  alkaloid  should  be  injected  drop  by  d: 
a   superficial   vein,   until   the   desired    result   is  obtained.     This 
promises  good  results,  but  has  not  yet  been  tried  sufficiently  t 
its  value. 

The   cardiac   action   of   suprarenal   has   little   value,    for    crij 
effects  can  l>c  secured  more  easily,  and  with  less  vaso-cotistn 
means  of  digitalis. 

>  Exercise   s$. 
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Suprarenal  preparations  have  also  been  recommended  in  Addison's 
disease,  rickets,  diabetes  insipidus,  etc.  The  results  have  not  been 
very  good,  which  is  scarcely  surprising  when  the  rapid  destruction  of 
the  substance  is  considered. 

Adrenalin  has  been  suggested  as  an  antidote  to  acute  morf>hin  poi- 
soning, on  the  iheory  that  the  latter  diminishes  the  suprarenal  secre- 
tion. The  restiUs  on  animals  have  been  favorable  (which  does  not 
commit  us  to  the  theory'  tliat  morphin  inHuences  the  suprarenals). 
U  has  not  been  tried  on  the  human  subject  ( Rcichert,  1901). 

MATERIA   MEDICA. 

Giandultt  Suprarenales  Sicca  (U.  S.  P.). —  The  dried  and  pow- 
dered glands  of  tlic  sheep  or  ox.  One  part  =^6  of  fresh  glands.  Dose: 
0.2^  Gm.  (4  grs. ).  A  fairly  permanent  solution  can  be  made  by  dis- 
solving 15%  of  the  powder  in  2%  carbolic  acid  and  filtering.  Also  m 
the  form  of  Tablets:     Dose:   i  to  3. 

*  Epinephrin  (found  on  the  market  under  the  name  of  adrenalin, 
suprarenahn,  etc.  in  crystals  or  in  1  :  t.ooo  solution  in  normal  saline. 
prcser\'ed  with  some  antiseptic).  The  hydrochlorid  is  the  salt  com- 
monly used.  Administration :  sec  imder  ihcrapcutics ;  locally  as 
I  :  tojooo  to  I  :  i.ooo  solution,  internally  5  to  30  drops  of  1  :  1.000. 
incompatibilities  as   for  alkaloids. 

The  alkaloid  gives  a  very  characteristic  reaction  with  ferric  chtorid, 
an  emerald  green  color,  which  turns  purple  and  carmin  on  adding  an 
alkah. 

IT.  THYROID. 

The  effects  of  the  thyroid  glands  need  to  be  studied  from  two  as- 
pects: The  effects  resulting  from  a  deficient  secretion;  and  those 
produced  hy  the  presence  of  an  excessive  amount  of  secretion.  The 
brmcr  will  tw  considered  first,  as  being  the  most  conspicuous. 


I.  EFFECTS  OF  THYROIDECTOMY. 

The  total  removal  of  the  thyroid  gland  is  fatal  to  most  animals  (as 
was  shown  by  Schiff  in  1856)  ;  but  the  symptoms  differ  considerably 
in  different  species,  in  violence  and  in  the  rapidity  of  their  develop- 
ment; they  are  also  more  violent  in  young  individuals  than  in  old  age. 
Two  forms  of  effects  may  be  distinguished:  the  acute  (seen  in  dogs) 
anti  !hc  slow   form    (seen   in  man  and  in  the  monkey). 

The  stozv  form  is  identical  with  the  disease  knnvrn  as  myxedema, 
CTclmisni,  etc.  A  dulling  of  the  mental  faculties  accompanies  ill- 
iiM«r*tood  changes  of  metabolism.  The  latter  lead  to  general 
Qchcxia.  and  to  myxedema,  a  hyperplasia  of  the  subcutaneous  con- 
nwtivc  tissue,  which  revert*  tn  the  mucous  embryonal  type.  The 
nifntil  and  physical  development  of  children  is  greatly  stunted.  (The 
wytcdcma  is  absent  in  those  animals  which  die  acutely,  within  a  few 
davi.) 

These  symptoms  persist  for  a  variable  time,  terminating  finally  in 
thMe  of  the  acute  form. 

In  thf  acute  form  the  metabolic  changes  are  also  a  prominent  fea- 
IJJ^  l*ing  indicated  by  cachexia,  by  disturbed  heat-regulation,  and 
"y  1  loss  of  red  blood  corpuscles.  In  addition,  however,  there  are 
^^  conspicuous  nen'ous  disturbances :  the  motor  system  shows  an 
increased  reflex    excitability,    increasing    to    choreic    spasms    (tetany), 

•  Not    official. 
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and  to  intcrmitlcnt  convulsions.  The  scat  of  these  is  central,  but  not 
in  the  motor  areas.  Diminished  cutaneous  sensibility  is  also  present. 
The  animals  die  in  a  few  days,  without  well-defined  lesions. 

A  certain  proportion  of  dogs  do  not  show  much  change  after  thy- 
roidectomy. It  is  found  in  all  these  cases  that  the  animal  possesses 
accessory  thyroids.  These  may  be  situated  in  various  places,  often 
in  the  neck  or  near  the  arch  of  the  aorta,  and  possess  the  sanae 
slrncture  as  the  thyroid  gland.  Thty  hypertrophy  after  removal  of 
the  latter.  , 

Rabbits  do  not  die  after  removal  of  the  thyroids.  However,  if  cer- 
tain small  glandular  bodies  lyi'iR  '"  tbe  neighborhood  of  the  tiiyroids  — 
parathyroids  —  arc  also  rtmcivcfl,  the  animal  dies  very  quickly.  In  the 
dog  these  bodies  are  situated  inside  the  thyroid  gland  and  are,  there- 
fore, removed  in  the  ordinary  uiK'ration.  If  they  arc  fipared.  the  dogs 
also  survive  more  frequently.  The  removal  of  these  bodies  aUmc  in 
either  animal  causes  death  with  symptoms  similar  to  those  of  ihy- 
rnidectomy.  It  is  possible,  however,  tlut  their  functions  are  distinct, 
although   similar. 

They  have  aUo  been  demonstrated  in  the  sheep,  seal,  monkey,  nun, 
and  exist  probably  in  all  animals. 

2.  THYROID   FEEDING   AFTER  THYROIDECTOMY. 

The  above  symptoms  may  t>e  entirely  prevented  by  leav- 
ing a  portion  of  the  g-Iancl  or  by  transplanting  it  imo  any 
portion  of  the  body,  or  in  man  even  liy  fee<ling  witli  gland 
substance. 

(This  thyroid  feeding  was  first  tried  in  1B84.)  In  dogs  and  tnoil- 
kcys  ihyrnici  feeding  is  not  so  imiformly  successful,  but  it  saves  a 
certain  proportion  of  these  animals  also. 

The  same  results  follow  the  administration  of  the  active 
principle  —  lodothyrin. 


X  THE  EFFECT  OF  INJECTION  OF  THYROID  ON  NORMAL 

ANIMALS. 

\\Tien  thyroid  extract  is  injected  intravenously,  it  increase?  the 
tonic  impulses  and  the  excitability  of  the  vaRus.  depressor  and  dilator 
nerves,  whilst  it  diminishes  those  of  the  accelerators  and  vaso- 
constrictors. Tlic  blnod  pressure  consequently  falls,  and  the  heart  is 
slowed  in  most  animals.  In  man.  however,  the  heart  is  commonly 
quickened,  presumably  by  stimulation  of  the  accelerator  center  Hiy- 
roid  also  acts  slightly  on  the  cardiac  muscle,  small  doses  increasing, 
and  large  doses  diminishing,  the  force  of  the  contractions. 

It  is  possible  that  these  circulaton-  changes  are  really  the  basis  of 
the  metabolic  effects. 

4.  EFFECTS  OF  CONTINUKD   ADMINISTRATION  OF 
SMALLER  DOSES 

The  effects  of  the  continncd  administration  of  smaller 
doses  (such  as  are  seen  when  overdoses  of  the  substance 
are  taken  in  the  treatment)  are  somewhat  different. 
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_.  mptoms  are  partly  ner\'ons.  partly  circulatory. 
The  former  consists  in  insomnia,  headache,  palpitation, 
nausea,  vertigo,  polyphagia  or  loss  of  appetite,  diarrhea, 
general  malaise,  tremors  of  extremities.  The  heart's  ac- 
livm  is  irregular  and  exaggerated,  and  tliere  are  also  vari- 
ous \as<inint(tr  disturbances. 

Effects  on  Metabolism. —  Oxidation  is  markedly  increased, 
and  both  nitrogenous  and  non-nitrogenous  botlies  are  rap- 
idly  iiseii  up.     The  temperature  rises.     However,  and   in 
whatever  conditions,   thyroid   is   administered,   it  causes  a 
large  increase  of  N  in  the  urine,  but  the  first  effects  are 
upon  fat.  and  it  acts  upon  proteids  only  when  the  former 
have  been  reduced  to  a  certain  minimum.     The  quantity 
'    of  urine  is  also  increased.     I^rgc  doses  cause  a  glycosuria. 
^^  Since  arsenic  retards  oxygenarion.  its  use  has  been  sug- 
^■ested  10  combat  this  side-effect  of  the  thyroids,  and  gotxl 
^?esuUs   have    been    claimed,    but    are   scarcely    sufficiently 
established. 


S.  FUNCTIONS  OF  THE  THYROIDS. 


r        The  physiologic  action  of  the  injection  of  thyroid  extract 

I     —the  fall  of  blood  pressure  and  the  increase  of  the  irrita- 

I     bility  of  the  vagiis  endings  —  renders  it  probable  tliat  the 

'   has  an   important   connection    with   the   circulahon. 

•over,   the  gland   itself  contains  powerful    vasodilator 

tibers  which  can  greatly  lower  the  pressure  in  the  carotid, 

[1  thereby  regulate  the  cerebral  circulation.     It  is  quite 

iiweivable  that  the  nervous  phenomena,  which  follow  the 

injection  of  extracts  or  excision  of  the  glands,  are  in  part 

^^uc  t<i  changes  in  the  blood  supply  of  the  nervous  centers. 

U  is  also  possible  that  the  thyroids  have  some  function  in 

xixsinloxication.     It   is  claimed   that  caffein   is  more  toxic 

after  the  excision  of  the  glands,  and  it  is  possible  that  they 

"night  act  similarly  upon  poisons  generated  within  the  body. 

Hum  ( 1905)  has  found  that  thyroid  feeding  lessens  the  sus- 

<^ibility  to  acetonitrile.     The  serum  of  thyroidectomized 

animab  is  stated   to  counteract  the  effects  of  iodothyrin. 


6   ACTIVE.  PRINCIPLES. 

^jnnann  fT8gfi>  succeeded  in  isolatinp:  a  principle  from  thyroid 
'^  \  which  noisev'i'i  all  tlie  ph>"!iologic  action*,  and  which  he 
"*"*^  'orfr>rAynM.  Thit  substance  is  especially  cbaracterij'ed  Tiv  a 
^  ".'gh  cnm^nl  nf  iodin  (to  14  .^%.  Oswald").  It  does  not  give  the 
ic'ir.r.c     -,Ti(j    js   vpry    rcsistant    to    heat    and    rcaRcnts.     The 
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investigation  of  the  chemistry  of  the  thyroid  was  continued  espe- 
cially by  Oswald  (1809),  why  showed  ihal  iodothyrin  does  not  exist 
as  such  in  the  glands,  but  is  liberated  in  the  process  of  manufacture 
from  a  peculiar  globulin  {tkyrcoglobuUn) .  This  is  confined  to  the 
colloid  secretion  of  the  alveoh,  The  iodin-content  of  this  globulin 
varies  from  o  to  1,3%  or  more;  usually  about  0.35%;  the  physiologic 
activity  being  proportional  to  the  percentage  of  iodin.  An  icnlin-free 
thyreoglobulin  is  also  found  in  thyroids  which  contain  no  colloid. 
Oswald  therefor  suggests  that  two  globulins  occur  in  the  gland,  differ- 
ing only  by  the  presence  fif  iodin,  and  not  separable  by  reagents. 
All  attempts  to  increase  the  iodin  of  the  thyreoglobulin  by  chcmic 
means,  outside  of  the  body,  have  resulted  only  in  destroying  it* 
activity.  Within  the  body,  however,  it  may  be  somewhat  increased 
by  the  administralion  of  potassium  iodid,  II  is  decreased,  on  the 
other  hand,  by  exclusive  meat  diet.  (Meat  diet  hos  also  been  found 
to  hasten  death  after  thyroidectomy,  whilst  a  milk  diet  prolongs  life. 
This  should  be   remembered  in  the  treatment  of  myxedema.) 

The  iodi?:cd  thyreoglobulin  constitutes  the  main  constituent  of  the 
healthy  colloid  secretion  of  the  gland ;  but  this  contains  also  some  of 
the  iudiii-free  globulin,  and  a  small  amount  of  a  unclcoproteid.  but 
no  mucin.  The  colloid  is  secreted  into  the  lumen  of  the  alveoli  by 
the  epithelial  cells,  which  may  or  may  not  undergo  destruction  in 
this  process.  It  is  discharged  from  here  into  the  lymph,  usually  by 
rupture  of  the  alvpolar  walls.  The  vacuoles  existuig  in  the  colloid 
are  prol»ably  artifacts.  Pilocarpin  docs  not  increase  the  colloid  secre- 
tion. 

When  iodoth>Tin  is  administered  by  mouth,  it  appears  to  be  readily 
absorbed,  to  judge  from  its  prompt  action.  It  is  excreted  by  the 
urine  partly  unchanged,  partly  as  iodid.  The  excretion  occurs  slowly 
Iodin  Content  of  Goitres. —  The  iodin  content  of  goitres  (writh 
the  possible  exception  of  exophthalmic  goitrcl  is  materially  dimin- 
ished, the  thyreoglobulin  being  poor  in  this  element.  (In  colloid 
goitre,  for  instance,  it  contains  only  0.04  to  o.og%.)  This  accounts 
for  the  ^lymplnms. 

The  thyroids  of  the  new-honi  usually  do  nol  contain  iodin.  but  this 
is  found  in  the  accessory  ?nd  para-thyroids.  None  exists  in  the 
thymus.  Todin  i*  also  absent  from  the  thyroid  glands  of  calves;  these 
do  not  contain  any  colloid. 


7.  RELATION  TO  OTHER  GROUPS. 

The  large  proportion  of  hdin  in  iodothyrin  might  lead  to  the 
thought  that  perhaps  the  iodin  itself  had  a  similar  action.  This  is  far 
from  being  the  case,  for  the  action  of  the  latter  or  of  iodid*  on  intra- 
venous injection  is  precisely  the  opposite:  The  excitability  of  the 
vagus  fibers  is  diminished,  and  the  effect  of  thvroid  injection  Is  abol- 
ished, while  the  blood  pressure  is  raised.     (Barbera,  1900). 

Sodium  ffhosfiltatc,  on  the  other  hand,  lias  the  same  action  on  vagtJS 
endings  as  iodothyrin. 

These  are,  therefore,  two  antagonistic  groups:  (a)  Iodothyrin  and 
sodium  phosphate  increase  the  excitability  of  the  vagus  and  depressor 
endings  and  cause  a  fall  of  blood  pressure,  (b)  lodin^  and  atropin 
diminish  the  excitability  of  the  vagus  and  cause  a  rise  of  Mood 
pressure.  Thyroiodin  would,  therefore,  come  nearest  to  the  mtucarin 
group. 


THYROU). 


299 


8.  THERAPEUTICS. 
(&)  Conditions  in  which  the  Functions  of  the  Thyroid  Gland 
is  ETidently  Defective. —  Cachexia  strnmipnva,  myxedema, 
sporadic  cretinism,  and  some  forms  of  goiter.     In  these  the 
benefit  persists  nnly  so  long  as  the  administration  is  con- 
tinued.    The    fnnii    of   goiter    which    is    tnost    conspicu- 
ously ii»fluence<I   is  hy|>crplastic   follicular.     Complete  dis- 
appearance is  tlie  exception.  Imt  consi<Ieral>le  decrease  the 
rule,  especially  in  young  patients.     Results  are  not  perma- 
nent, and  usually  there  is  a  relapse  if  the  remedy  is  discon- 
linue<L 


^So 


<b)   Obesity. —  Since  in  these  cases  the  object  is  to  reduce  the  fat 
d   not    \hc   myt^c\c,    and   since   thyroid   increase!   the   niclatH>Ii*;m    in 
lb    !t  inii«;i  hf  joined  with  an  abundant  proteid  diet,  nor  should  il$ 
*'■  II   be   continued    ;i    very    long   lime.    The   opinions   of   its 

v.*        .       r.    some   clinicians   claiming   inconstant    and    temporary    re- 
culu. 

}0  More  obscure  arc  its  actions,  if  indeed  they  exist  in  various 
jri:  <■   p!»oria$i«^.  eczema,  lupus.     Also  very  obscure  are  the  re- 

p-  ut%   to  uterine  fibrotnata  and  mensirnal   disorders. 

(1 1  Mruc  it  has  been  observed  that  thyroidectomy  retards  the 
irrowtJi  of  Iwne  and  the  formation  of  callus  after  fracture,  the  admtn- 
isCntiofl  of  ihyroid  has  been  suggested  for  sline-healing  fractures.  It 
h*»  nm  Iwen  sufficiently  tried  to  allow  definite  conclusions 

<e»  Thyroid  administration  has  been  suggested  for  chronic  rheu- 
**»i«m,  gout,  arlcriosclcrosiv  rickets,  infantile  cachexias,  hemophilia, 
*?c.  It  \\  doubtful  whether  il  is  of  any  real  benefit  in  these  condi- 
ttoiks. 

9  REI-ATTON  OF  THE  THYROID  TO  B.ASEDOWS 
DISEASE. 

nrnptoms    of   this    disease    (exophthalmic    goitre)    suggest    its 

■I'ln    by    increased    and    perverted    furictionation    of    the    thyroid 

»^na   (Mofhiiis.    i88fi).    The   metaJioHc   changes   are   especially   strik- 

^'-  rtie  O  and   COi  metabolism  is   increased  by   20   to   50  per  cent.; 

'*■•  —  ,  '■   n    is    also    raised,   but   not   to   the    same    degree. 

mel3J»oHc  changes   is  generally  parallel    to   the 

:;  .       ■  ..isc  and  cannot   be  accounted   for  by  the  tremors. 

"f    Thp>c   phenomena   point   plainlv   to   thyroid   hypersecretion.     The 

'^-Tii,.-  cx.imin.-irK.ii   nf  the  gland    (Oswald.   1905)    shows   getKrally  a 

'     .    ,'   'ivf      ■  r.liiilin.  and  tbi^  is  poor  in   iodin.     Tliere  is  reason 

'       rl..;    :   ■    paucity  of  the   thyreoglobulin   is  due  to   its   more 

iKC   iniu  the   blood,   and   that  the   glands   form   ei-en   more 

•rmai   quantity:    but   the   low    icidin   content   indicates  that 

I  poor   quality.     The   disease   therefore    presents   at   once    the 

'  '  1.1  nf  an  excess  and  of  a  dt*l"iciency  of  thyroid  secretion;  the 

^    iiR  indicated  bv  the  metal>'•li^n^l.  ihe  deficiency  by  the  other 

i^       TJiis   can    only   be   explained   on  the   assumption   that   the 

r.i,  ^   'Several  active  principles. 

Serum.—  Proceeding    on    the    theory    that    Basedow  s 
,n  a  thyroid  intoxication.  Ballet  and  Enriqucz  (18^) 
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attempted  its  treatment  by  the  administration  of  Ihc  serum  of 
ihyroideclomizcd  dogs,  supposing  that  these  produced  substances  an- 
tagonistic to  thyroid  secretion.  In  llie  same  year,  Lanu  employed  the 
milk  of  ihyroidectomized  goals,  but  this  soon  becomes  repugnant  lo 
the  patitntb.  At  present,  the  antithyroid  serum  is  generally  ubtained 
from  sheep.  The  experience  with  this  serum  has  not  been  sufficient 
to  warrant  a  final  judgment  of  its  value.  U  appears  to  act  favorably 
in  a  considerable  proportion  of  cases  by  palliaiing  tlie  symptoms; 
but  it  is  not  curative  and  other  measures  should  not  be  neglected.  Jt 
has  also  l>ecn  tried  in  other  nervous  disorders  supposedly  allied  lo 
this  disease.  The  serum  acts  equally  well  by  mouth  and  subcu- 
taneously.     The  oral  administration  is  preferred.     ]t  is  not  toxic. 

9.  SOME  COMMERCIAL  PREPARATIONS. 

*  Fresh  Shce{>'s  Thyroid,  preferably  raw  or  broiled.  !^  to  ^^  gland 
as  dose. 

*  Thyroid  Tablets  (0.13  Gxn.^2  grains). 

GlaHduifT  Thyroidc^  Siccir  (l*.  S.  P.)  [Thyroidcum  Siccum  (B.P.J]. 
—  The  dried  gland  of  the  sheep  ^  5  parts  of  fresh.  Dose:  01  to  <US 
GnrL   ii  to  10  grs.)    (0.25  Gm.  =  4  grs..  U.S.  P.). 

Liquor  Thyroidei  (B.  P. ). —  100  minnns  =  onc  gland.  Dose:  03  w 
I  cc.   KS  to  15  minims). 

*  lodothyrin  (Thyro-iodin). —  The  commercial  preparation  is  a  milk* 
sugar  trituration,  containing  0.03%  I.     Its  dose  is  i  to  j  Gm.  per  day. 

■  Antithyroid  Scrum. —  The  blood  scrum  of  sheep  whose  thyroid* 
were  removed  six  weeks  previous  to  the  first  venesection;  marketed 
after  the  addition  of  a  little  phenol  i.Mcrftius  Scrum.  Hodagi^)  ^^\ 
dried  iThyroidectin).  Dose:  of  the  dr>*,  1  to  3  capsules  of  0.3  Gi 
{5  grains)  three  times  a  day:  of  the  moist,  5  c.  c.  <  tcuspoonful )  cvd 
second  day  in  a  tablespo<;in  of  wine. 


III.  PITUITARY  BODY  {HYPOPHYSIS  CEREBRI) - 

Thc^  effects  of  extracts  made  from  the  anterior   (hypophyseal) 
posterior    (infundibular)   portions  arc  quite  different. 

The  infundibular  lobe  is  the  more  active.  It  contains  a  pressor 
depressor  substance,  the  former  soluble  in  salt  solution  and  insohib^ 
in  alcohol  and  ether;  the  latter  soluble  in  all  these  solvents  Tr 
pressor  substance  acts  both  on-  the  heart  and  on  the  peripheral  s^' 
tcries;  its  action  is  prolonged,  whilst  that  of  the  depressor  subitanc* 
is  evanescent.  The  rise  of  blood  pressure  may  be  accompanied  ^f 
cardiac  slowing  (Schaefcr  and  Vincent.  1809)  The  injection  of  ^^ 
dose  diminishes  the  effects  of  subsequent  injections   (Mowell,  i8g8>. 

The  hypophyseal  portion  ( which  has  a  structure  resembling  ^^ 
thyroid)  produces  a  distinct  fall  of  blood  pressure,  usually  accon*" 
panied  by  acceleration  and  weakening  of  the  heart  (W.  W.  Handrof* 
gcr,  igo4).  A  second  injection,  following  immediately  on  the  (irA 
is  ineffective.  This  inhibition  is  due  to  the  presence  of  a  distinct  wb- 
stance 

The  effects  of  excision  of  the  gland  resemble  those  of  thyroidectowTft 
pointing  to  the  importance  of  noth  to  the  circulation  of  the  bnin. 
These  symptoms  are  usually  relieved  by  injectinns  of  the  extracts. 

The  gland  is  usually  found  atrophied  in  acromegaly,  a  coni'ition  of 
gigantic  overdevelopment  of  the  extremities*  skull,  tongue,  nasal  mo- 

•  Not   official. 
Stadjr   M.    M.    Lesion    »]. 
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i^nes.  etc.,  and  by  various  vi&ual  disturbances;  but  a  causal 
'connection     briwccn    these    two    cannoi    be    considered    as    definitely 
'  proved.     Nor  have  rcsuhs  of  its  therapeutic  use  in  this  disease  been  at 
all  encouraging.     'I  he  dried  extract  is  used  in  doses  of  about  0.1  Gm. 

'I be  oral  admitnstration  of  [he  gland  produces  no  ellect  on  the  cir- 
culation; hypodermic  injections  cause  some  of  the  general  effects,  and 
considerable  lucal  vasoconsiriciion. 


IV.  LYMPHATIC  GLANDS  AND  OTHER  TISSUES. 

All   glandular  organs,   and  perhaps   all   animal   tissues,  contain   both 

l^rrs^nr  and  depressor  substances.     The  pressor  principles  predominate 

m  saline  extracts  made  at  <jrdinary  temperature,  but  are  destroyed  by 

boiling.     The  depressor  substances  are  soluble  in  saline   solntifus  and 

III    tlr.tljMl  or  ether.     They  arc  not  identical   with  cholin   {Swale  Vin- 

^1   Sheen,   190J). 

';rimcnts   with  the  injection  of  extracts  of  lymph-Rlands.  spleen, 

ibynm^   bone-marrow,  etc.   have  not  yielded  any  definite   results,  and 

it  is  very   doubtful   whether   ihcy   form   any   internal    secretion.     Bone 

rtiarrow  extract  l*iwcrs  ihc  blood-pressure  when  injected  intravenously 

bti^ii  and  Guthrie.   1905). 

mtinucd  administration  of  these  organs  or  extracts  is  said  lo 
tfu  ttoduition  of   blood  totpuscUs.  and  they  have  been  em- 
with    varying    success    in    the    treatment    of    rickets,    anemia, 
\^.    leiicemia.    tttberctilosi^.,   etc     Whatever   action    is    pnssesi;ed 
ihcra  may   perhaps  be  attributed  to   their  content   of  nucleins.     It 
bren  demonstrated  th.it   these  produce   hyperlcncocytosis. 
^fsf  HucUitts  have  of  recent  years  been  extensively  tried   for   va- 
ra obscure  affections,  and  so   far  it   is   impossible   lo   say  anything 
about    them.    Tliey   are  converted   into  xanthin   bodies   in   the 
»ninns.     Thej-    are   rich    in   phosphorus   and   are   not   destroyed   by 
digestion.     L'nder  the  action   of  alkalies   they  arc  split   into  an 
■'■      Ml.  and  into  nuclei  acid,  which  latter  retains  the  phosphorus.     It 
'  in  hemophilia   fas  also  nnclcin),  and  as  3  mild  caustic.     (It  is 
'  ''^*    it   destroys   diseased   ti'^sue,  but   leaves  healthy   tissue   in- 
iH   i*  made  cither  from  yeast  or   from   spleen.     It  occurs 
,      .      ,i.r.  soluble  in  weak  alkalies'     It  is  given  by  month   in  daily 
«**»  oi  2  to  3  Gni.  or  sul>cntaneou5ly  as  I  c.  c.  of  0^%  solution. 
^^*<^  has    recently    been    recommended     {hy    mouth    an^    locally) 
;'     I  furunculosis.    More  extended  obscr\'ation  is  needed  to  estaV 
'^  value. 


)tlC 


V.  PANCREAS. 

^'''(talh  this  gland  has  for  its  most  conspicuous  function  an  ex- 
^  t™  tferetion,  its  internal  secretion  is  none  the  less  important.  Its 
'rtffiftval  lejj,  ify  glycosuria,  with  acetonuria.  polyuria,  great  thirst,  and 
tST''  '°  ^*^^*  ^"^>^'*^"5  closely  analoROus  to  diabetes  mellitus. 
*^  jtycn^oria  occurs  even  when  carbohydrates  are  withheld 
"can  varccly  he  considered  as  decided  whether  these  effects  are 
^"f  to  the  absence  of  some  substances  produced  in  the  pancreas  or 
^heihrr  th«-  cells  of  this  organ  are  themselves  necessary  to  the  normal 
<^D^>  ■  ■:ibolism 

Wrr  lonts  indicate  that  the  pancreas  prodtices  a  substance 

■^•'^  lunction  with  another  substance  found  in  muscle,  causes 

on  of  sugar,  and  that  the  removal  of  this  pancreatic   siib^ 

,.ij .-  :  .   the  iKtdy  of  the  power  of  utilizing  sugar.     The  cells   of 
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the  islands  of  Langerhans  seem  to  be  particularly  connected  with  the 
production  of  this  strbsiance. 

While  it  docs  not  seem  improbable  that  some  cases  of  diabetes  in 
man  are  connected  with  disease  of  the  pancreas,  it  must  be  confessed 
that  administration  of  the  powdered  substance  or  extract  has  not  been 
therapeutically  successful  in  these  conditions. 


VI.  PHLORRHIZIN. 


ij 


Thi'i  substance  (often  misspelled  Plilorizin  or  Phloridzin)  may  be 
considered  here,  in  want  of  a  better  place,  It  is  a  gUicosid  which 
occurs  in  the  root-bark  of  the  apple  and  other  trees.  Its  administra- 
tion leads  to  glycosuria,  polyuria,  acetoiuiria,  and  to  a  great  mcrease 
of  nitrogen  excretion    (to   six  times  the  normal). 

Phlorrhizin  Glycosuria.' —  Tt  will  be  seen  that  these  effects,  espe- 
cially the  glycosuria,  bear  a  close  superficial  resemblance  to  those  of 
pancreas  excision;  but  the  mechanism  of  their  production  is  quite 
difTerent.  The  phlorrhizin  glycosuria  differs  indeed  from  all  other?*  in 
that  the  sugar  content  of  the  blood  is  not  increased,  even  if  the  kid- 
neys are  excised,  hut  may  even  be  diminished.  This  disposes  also  of 
the  suggeslioii  that  the  glycosuria  is  produced  by  the  sugar  split  off 
from  the  phlorrhizin.  Indeed,  it  is  doiihtfii!  whether  the  glucosid  is 
decomposed  in  the  body,  for  it  is  excreted  largely  unchanged  by  the 
urine;  further,  the  sugar-free  decomposition  product,  phlorhctin.  also 
^causes  glycosuria.  It  has  been  suggested  that  the  glycosuria  is  due 
to  an  increased  permeability  of  the  kidney  cells  to  sugar  (Von  Me- 
ring).  This  would  explain  the  phenomenon  partly,  although  it  is 
rather  suggestive  that  ihe  pcrraeabilily  to  other  substances  (salts  or  pro- 
teids)  is  not  affected.  Pavy,  lirodie,  and  Siau  ( IQ03)  have  shown  that 
the  quantity  of  sugar  which  is  excreted  when  the  other  abdominal  viscera 
are  excised,  exceeds  the  quaniiiy  of  sugar  which  disappears  from  the 
blood.  Thi.s  forces  the  conclusion  that  phlorrhhin  causes  the  kidneys 
to  assuine  the  function  of  forming  su^ar  from  the  proteids  of  ihe 
blood,  and  of  secreting  this  into  the  unne.  1.  e.,  a  function  anajogou!! 
to  that  of  the  mammar>'  glands.  It  may  be  supposed  that  the  sugar 
of  the  blood  exists  in  loose  and  firm  combination  with  the  blood  pro- 
teids :  the  phlorrhizin  causes  the  kidney  to  secrete  first  the  loosely 
combined  sugar:  and  when  the  supply  of  this  fails,  the  firmer  com- 
bination is  attacked.  The  slack  of  carbohydrates  in  the  body  there- 
for disappears  first,  althouKh  some  glycogen  is  retained  very  per- 
sistently. At  this  time  the  D  -i-  N  quotient  fdextrose  divided  by  the 
nitrogen  of  the  urine)  is  naturally  \iinable.  hut  high  On  proteid 
diet  and  in  starving  animals  it  becomes  constant  (3.75  for  dogs,  j.8  in 
goats  and  rabbits),  just  as  in  pancreatic  diabetes,  where  the  sugar  is 
also  formed  from  protcids.  This  accounts  for  the  increased  nitrogen 
excretion. 

The  excretion  of  sugar  is  proportional  to  the  activity  of  the  kid- 
neys; it  is  diminished,  for  instance,  when  one  kidney  is  excised,  and 
increases  again  as  the  remaining  kidney  hypertrophies  (Schilling. 
1904).  The  glycosuria  is  said  tn  he  diminished  in  parenchymatous 
nephritis,  and  the  injection  nf  phlorrhizin  (phlorrhizin  test.  5  mg 
in  warm  water,  h vpoderm ical  1  y )  has  been  proposed  as  a  means  of 
diagnosis.  The  result,  however,  is  not  decisive  in  either  sense.  The 
administration  of  the  drug  itself  causes  necrotic  changes  of  the  renal 
cells. 

The  amount  of  glucose  in  the  urine  may  be  very  high,  above  12%. 


I 


*  Fxfrciftc     34. 


GLYCOSURIA. 


303 


It  persists  for  several  hours  after  a  single  injection,  biit  may  be  pro- 
longed indefinitely,  at  its  highest  degree,  by  administering  i  Gm.  of 
the  glucosid  per  kilo  of  bodyweight,  by  mouth,  three  limes  a  day. 
Larger  doMrs  do  not  increase  the  glycosuria. 

Phlorrhizin.  as  all  measures  which  cause  inordinate  protcid  metab- 
olism, leads  to  Jatly  mfiltration  uf  the  liver.  The  act'tonuria  also 
occurs  in  all  similar  conditions,  and,  like  the  production  of  oxybutyric 
acid,  it  results  from  the  imperfect  oxydalion  of  fats,  due  to  the  dis- 
turlance  of  metabolism.  The  combined  sulphuric  acid  of  the  urine 
is  1301  ixKreased,    Albuminuria  occurs  rarely. 

j  VII.  ASPHYXIAL  GLYCOSURIA." 

Two   mechanisms   for   the  production   of  glycosuria   have  just   been 
described,  viz.:   Diminished  activity  of  the  pancreas   (perhaps  the  sup- 
pression of  an  oxidizing  ferment);  and  secretion  by  the  renal  epithe- 
litnn    (phlcrrhuin).     Glycosuria    may    also   be    brought    about    by   an- 
other mechanism,  v'lz^  by  an  increase  in  the  per  cent,  of  sugar  in  the 
^Kod.     This   may   be   the    result   of  introducing  excessive   amounts   of 
^^pbohydratcs  into  the  body;  but  it  may  also  be  the  result  of  an  over- 
lAundant    conversion    of    reser\c    glycogen    into    sugar.     This    occurs 
through    stimulation    of    the    glycogenic    center    in    the    medulla,    hy 
puncture,   by    stimulation    of   sensory    nerves,    hy   a'lphyxia.   by    what- 
ever means  this  is  produced;   it  seems  also  to  be   favored  by  cooling. 
This  glycosuria   is   seen  after  CO,  Curare,   Strychnin.  Morphin.  Vcra- 
irin.  Aniyl   nitrile,  the  volatile   .Anesthetics,  Chlnral,  drugs   which  pro- 
duce methemoglobin.  such  as  the  coal-tar  products,  etc.     It  also  follows 
tnetallic  poi«nns.    Olycurnnic  acid  and  its  compounds  may  in  part  re* 
rtie  closely  allied  glucose. 

VIIL  KIDNEYS. 

iven  this  organ,  whose  function  is  so  conspicuously  connected  with 

lal   secretion,   appears   also   to   be   charged   with   the   function   of 

trmal   srcrclion,     Tbi*    action    is    largely    metabolic :    removal    of   a 

Jp  portion   of  the  kidney  increases,  the  protcid   waste  of  the  body. 

cannot   be   stated   whether  this  is   connected   with   a  chemic   sub- 

'1^«t«l  excision  of  the  Itidneys  produces  a  speedy  death.    This  is  due 

piTT  to  the    non-excretion    of   toxic   organic   and   inorganic   waste 

luci5.    But  it  appears  that  the  kidneys  secrete  a  substance  which  is 

ijtoxic  to  some  of  these  poisonous   products ;   for  injection  of  kid- 

t?  *-xtnct«.  or  of  the  serum  from  the  renal  vein,  is  said  to  delay  the 

Hh     iFxperimcnts  of  this  kind  need  to  be  freely  cnntroUed   before 

iocli  weiKbi  can  he  attached  to  them. 

K14ne>  cHtracts  ,ilsn  have  some  action  on  the  circulation.    The  effect 

fi>  !'-■  -  htcd    hc.irt-muscle    is   comparatively    small      Tt    consists    in 

n,    slight    slowing,   and    increased    amplitude.    The   blood 

1^  at  first,  then   rises.     The-^e   cfTects  are  not  due   to  urea. 

>^"k1icj,vtw5  in  the  isolated  heart  a  slight  increase  in  the  tonus,  with 

•''rat  acceleration,  and  slight  increase  of  force. 

IX.  SEXUAL  GLANDS. 

^lirpjtion  of  the  sexual   glands  was  amongst  tht  earliest   surgical 
|™"»t*f)trt.  and  thus  it  conld  not  fail  to  he  noticed  that  it  is  followed 

kMlT*^"*  Mil  liiabrtr*   mcllitus  are-   not    iflenlical.   diabetcf   bcina  ■   dtsvaic 

"«  ftyr^wru  »«  only   one  of  the  sympiorn*. 
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by  very  marked  psycliic  and  pliysical  changes.  But  the  subject  was 
neglected  therapeutically  until  the  announcement  by  Hrown-Segnard,  m 
1889,  of  the  remarkable  stimiilalmg  qualities  which  he  noticed  on 
hypodermic  injection  of  crchitic  extract. 

This  discovery  was  exploited  in  sg  sensational  a  manner  that  the 
whole  subject  was  in  danger  of  falling  into  discredit.  While  the 
somewhat  extravagant  claim.-i  of  the  discoverer  mnst  be  considerably 
discounted,  numerous  indepciulent  observers  have  shown  by  the  crgo- 
graph  that  it  causes  a  marked  itun'asc  (15%  to  30%)  of  Denver  for 
voluntary   muscular  icork. 

Thi?  action  has  been  attributed  by  Poehl  to  the  base  spn-min 
(CsHuN;).  Wliilc  tUi.s  is  especially  abundant  in  this  extract,  it  also 
exists  in  many  other  tissues.  It*i  actions  nn  the  heart  and  circulation 
resemble  those  of  choltit.  which  is  also  present  in  the  orchitic  ex- 
tract. Its  phosphate  forms  the  "  Charcot-Leydi'n "  crj-stals  found  in 
sputa,  etc.  The  action  of  these  substances  is  supported  by  a  niictco* 
protcid,  which  causes  a  slowed  heart  and  fall  of  blood  pressure 
through  stimulation  of  the  vagus  center,  and  dilatation  of  the  splanch- 
nic vessels,  also  through  the  center.  The  orchiiic  extract  applied  10 
the  isolated  heart  { Porter  and  Langendorff  method)  shows  increase  in 
force  and   frequency. 

Much  more  conspicnous.  however,  are  the  effects  of  the  sexual 
glands  up»>n  metabolism.  This  wds  first  observed  clinically :  After 
the  climacteric  or  oophorictomy,  obesity  occurs  in  atwiut  40%  of  the 
cases.  The  excision  of  the  testicles  has  much  less  effect.  In  addition 
to  this  increase  of  fat,  tlic  loss  of  the  ovaries  also  brings  with  it  a  \erT 
characteristic  train  of  phcuomena,  generally  attributable  to  spasms  of 
the   vascular   system. 

The  stibject  has  recently  J^eP"  studied  cxperimenially  nn  hitchfs  by 
measuring  the  heat  production.  A  very  marked  decrease  of  this  i* 
found  after  the  operation  —  i.  e..  oxidation  and  consequently  carbon 
and  hydrogen  metabolism,  are  diminished.  It  is  under  dispute  whether 
the  excretion  of  phosphates  is  diminished  or  not. 

This  effect  is  abolished  by  administration  of  ovarian  extracts  by 
the  mouth.'  In  other  words,  ovarian  substance  increases  oxidaUon 
xvith  the  castrated  atn'tnal.  even  somewhat  above  the  normal  amottnt. 
On  the  normal  animal  on  the  other  hand,  it  has  no  such  effect- 
Males  show  exactly  the  same  phenomena,  but  much  less  marked. 
The  spermatic  extract  has  the  same  action  as  the  ovarian  on  both  sexes, 
but  the  ovarian  is  much  more  powerful. 

The  metahoHr  function  of  the  ovnries  is  to  some  extent  supplemented 
by  the  uterus.  The  diminution  of  heat-production  does  not  reach  its 
maxinumi   until   the  uterus  ha*^    undergone  atrophy. 

.Administration  of  ovarian  substance  docs  not  prevent  atrophy  of 
the   uterus  after  excision  of  ihe  ovar>'.    (Loewy  and  Richter,  iSqq). 

Therat*eutically,  ovarian  tablets  have  been  found  quite  successful  in 
all  the  conditions  followinff  the  functional  loss  of  the  ovarie*.  They 
have  also  been  tried  in  chlorosis,  but  without  decided  benefit 

Extracts  of  the  mammary  and  parotid  glands  have  also  been  tried 
against  uterine  fibroids  and  ovarian  tumors,  but  the  beneficial  results 
which  have  been  reported  can  scarcely  be  accepted  until  further  con- 
firmation. 


MATERIA   MEDICA. 

Testicular  Extracts  (from  Bull  or  Ram): 

•  Testes  Siccati  Puh:.  Didymin.  Testin.  Testis. 
tracts.     Pose:   i  Gm. 


Dry  glands  or 
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^Sp^rrmin  Poehl.—  \  to  6  c.  c.  of  2%  soluiion,  hypodermic. 
SuccHs  t  Tcstibuj. —  Liquid  preparation.  15  c.  c. 
Ovarian  ExItacIs   (Cow  or  Swine): 

*  Oophorin.— A  dry  extract,   ten   times  as  strong  as  fresh  ovaries. 
Dou:  1  to  2  Gm. 

*  Parotida  or  Mamtnana  Sicca. —  0.15  Gm.  per  day. 

*  Ot*ahiuum  Siccum. —  Five  times  as  strong  a*  fresh  glands, 

X.  SECRETIN, 

Bayliss  and  Starling  (1903)  discovered  that  the  maceration  of  the 
mucosa  of  the  small  intestine  with  dilute  hydrochloric  produces  a  sub- 
stance, secretin,  which  stimulates  the  secretion  of  the  pancreas.  Se- 
crttiu  is  not  a  ferment,  since  it  is  not  affected  by  heating  or  alcohol. 
Its  action  is  not  hindered  by  atropin.  The  ^ubstance  can  scarcely  be 
ttlili^cd  therapeutically,  since  it  is  not  absorbed  from  the  intact  ali- 
mtmary  canal  and  its  hypodermic  injection  is  painful.  The  latter  may 
be  )ustifiable  to  confirm  the  pancreatic  connection  of  fistula.  (Mac- 
\«)d.  190,3.)  (In  life,  secretin  is  probably  produced  within  the  cells, 
h  which  it  may  be  absorbed.) 


CHAPTER  XIV. 

APOMORPHIN;  IPFXAC;  EMETICS.* 

(A)  APOMORPHIN. 

This  is  a  base  formed  by  dehydrating  morphin  through 
the  action  of  concentrated  mineral  acids: 

C„H..Na  —  H,0  =  CnHnNOt 
Morphin.  Apomorphin. 

^t  has  lost  almost  oil  the  narcotic  action  of  morphin  and 
'*^s  n  further  development  of  the  excitant  effects  which 
tcre  noted  in  the  action  of  the  former  on  certain  animals. 
?Wr  in  additioij  a  depressing  action  on  striped  and  car- 
iac  muscle. 

1.  SUMMARY   OF  ACTIONS. 

T.  Irritation  of  the  central  nervous  system,  and  particu- 
rlvof  the  vomiting  center  in  the  medulla. 
Depression  of  striped  and  cardiac  muscle. 

TI.  DKTATLS  OF  ACTION. 
1.  The  irritation  of  the  central  nervous  system  is  exerted 
drst  and  mainly  upon  the  vomiting  center,  its  action  being 

•  Vot     official. 
f— » 
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SO  specialized  tliat  small  doses  give  rise  purely  to  emesis 
without  developing  any  other  <lirect  action. 

The  V( uniting  is  jireceded  by  the  classic  symptoms  of 
nausea,  which  must  not  be  ascribed  to  a  direct  action  of  the 
drug.  They  are:  a  feeling  of  sickness,  lassitude  and  weak- 
ness, increased  secretion  of  sweat,  saliva,  mucus,  and  tears, 
a  sensation  of  warmth.  During  the  act  of  vomiting  there 
is  also  an  increase  of  respiration  and  pulse,  and  of  blood 
pressure. 

The  nausea  symptoms  are  also  obtained  from  doses  too 
small  to  produce  vomiting  (i  to  2  mg.  every  two  hours  by 
mouth). 

Witli  the  usual  hypodermic  dose  (5  to  lO  mg. — V12  ^^  V« 

gra i n )   vom it ing  tx:- 
curs  in  man  usually 
inside       of      fiftfcn 
minutes,     and     the 
nausea    usually  dis- 
appears  very  quick- 
ly; it  may,  however, 
persist  for  some  tinic 
and  the  vomiting  be 
repeated.     Even  col- 
lapse    may     occur, 
simply  as  the  resuH 
of  the  vomiting.  an<^ 
not  as  a  direct  cfFfct- 
Tt   is  nf)t  dangeroi^^ 
in   normal   individ*^ 
ais. 


Fig.  65. —  Apomorphin  on  frog's  mufcle. 
Make  and  break  shocks:  ^,  Normal;  B,  after 
Ij'ing  in  1:500  apomorphin.  The  contractions 
art  lowered,  the  rcUxaiion  Irngthmcd,  and  the 
muKic  is  very  quickly  fatigued. 
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The  vomiting  with  apomorphin  is  mainly  of  central  fl» 


itn. 


The  fact  tViat  it  occurs  nmrc  quickly  and  with  a  smaller  do'e  'f*    -^ 
drug  is  administered  Iiypodermically  than  when  it  is  given  by  ctnma<r 
would  point   to  this.     And  even  more  direct  proof  can  be  f' 
After   tlie   blood-\'c.ssels    supplying   the    stomach    have   been    '  - 

apomorphin  docs  not  produce  vomiting  when  placed  in  this  f*' 
acts  when  injected  into  the  general  circulation   (from  which 
reach   the   stomach).     It«;   central    action    is,   however,   supportc<j   ;^^ 
sliRhtly  hy  a  local  one,  since  it  cause?,  weak  contraction  in  the  fxet«<* 
stomach;  but  this  plays  a  verj-  subordinate  role  ^^ 

2.  If  the  druR  is  taken  in  tvv  largr  doses.— ar)A  csDecially  by  •■^ 
mats   which   are   Incapable   of   vomiting/— it    exhibits    its   irrtnflC 

»  Fish.     froK.    load,    and    liiard    vomit    canity    In    c«rtam    reasons    <T«n»   "J 
July    beat.    January    and    February    worn),    if   the   ttomach    n    filled    wi'ti   iM^ 
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niDiclcz  it  stops  t 


after  atropin. 
ralyzes  ncrvcccHs  and  ganglia  on  direct  application. 

in.  TOXICOLOGY. 
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ic  toxicology  of  apomorphin   is  not  important.     It  is  not  excreted 
the   stomach   like    morpliin,   but   is   pro1)ably   decomposed   in    the 
niun- 

iebracfiiit.   asfidosamin,  (^uebro^hamin,   and   aspidospermin   have   a 
lay  action,  but  vomiting  is  not  so  prominent  a  symptom. 

IV    MATERIA   MEDICA. 

pocnorphine  HydrochlonJum   (U.  S.  P..  B.  P.),  CiTHirNOt.HCl— 

rish  powder,  sol.  ,^9.5  water.  38.2  ale.  As  an  emetic,  3  to  10  mg. 
to  K  gr.)   arc  given  hypodennically  in   l%  solution.     As  an  ex- 

►rant.  2  mg.  per  mouth.     (U.S.  P.:     Expectorant,  2  mg.=  VHi  gr. ; 

tic.  5  mg.  =  y.B  gr.). 

ll^^Uiliuns  become  green  in  the  light,  but  this  change  doe^  not 

^Hessen  their  activity. 

^■b   Apomorphina   Hypodermica    (B.P.). — 1%.     (To  be    freshly 

T-ed.)     Posf    O.J  to  i.o  c.  c.   (1  to  15  minims). 

icrapeutic  Uses. —  See  end  of  chapter. 

c^codein.    the    corresponding   derivative    of    co<Icin,    preserves    the 

ilfifir  action,  but  in  addition  it  paralyzes  all  nervous  structures, 
;-%  well  as  the  central  celts.  In  the  successive  stages  of  its 
u  the  terminations  of  the  vagus,  vasomotors,  and  the  nerve 

H*  vi  ul!   smooth  mu.scle.  striped  muscle,  and  cardiac  accelerator. 

^^Broved    very   useful   in   pharmacologic   experimentation,   to  dts- 

BBT whether   a    peripheral    stimulation   affects  the   ending?    or  the 

I    for  it  does  noi  paralyze  the  latter  (Dixon.  1903). 

pidosperma  (Quebracho),  the  bark  of  Aspidosperma  Quebracho- 
•is  six  or  more  alkaloids  with  verj*  similar  actions.  These 
iiiorphin;  one  of  the  alkaloids,  aspidosamin.  produces  eme- 
>Uicrs  only  cause  nausea,  with  its  usual  accompaniments.  The 
ptiijcx.ccairal  and  peripheral  actions  of  apomor- 
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reconiniended  as  expectorant  and  in  dyspncic  conditions,  hut  is  rarely 
u:sed. 

B.  IPECACUANHA. 
I.  CONSTITUENTS. 

Ipecac  contains  three  alkaloids:  emctin,  ccphaelin.  and  psychotrin, 
and  a  tannin,  tpccacuanhic  acid.  Emclin  and  cephaclin,  which  agree 
qualitatively  in  their  actions,  appear  to  be  solely  responsible  for  the 
effects  iif  the  drug,  Psychotrin  is  present  in  loo  small  amount  to  be 
important. 

The  ipecacuanhic  acid  was,  nntil  recently,  considered  a  bearer  of 
the  vainable  action  of  ipecac  in  dysentery,  and  a  prcparalion  of  the 
drug,  deprived  oE  its  alkaloid,  was  reconmiended  for  use  in  this  di5easc. 
It  has  been  shown,  however,  that  this  tannin  is  inactive.  The  ipccac- 
uanhic  acid  possesses  aii  the  cheniic  characters  of  caffcotannic  acid 
(see  Index),  from  which  it  difiFers  only  by  one  atom  of  oxygen.  The 
pharmacologic  actions  of  these  two  tainuns  also  agree  perfectly  (and 
differ  from  ordinary  tannin)  a>  they  arc  neither  antiseptic  nor  as- 
tringent  (Kimura,   1903). 

H.  SUMMARY  OF  ACTIONS  OF  E.METIN  AND  CEPHAELIN. 

I.  A  strong^  local  irritant  effect  on  mucous  membranes, 
exerted  particularly  tjn  the  alimentary  canal,  resulting  in 
vomiting  and  diarrhea. 

2.  Excitation  with  following  pnralysis  of  the  central  nervous  system. 

3.  A  weak  apomorphin  action  on  striped  and  cardiac  muscle. 

III.  DETAILS  OF  ACTION. 

The  phenomena  of  vomitinB:  and  nausea  are  the  first  and 
most  prnniitient  svm|)tnnis.  and  |)resent  the  clinical  picture 
descri?)ed  imder  ajK)m(tri)hin.  The  emesis  is  produced 
largely,  if  not  solely,  hy  the  li»cal  irritation,  although  it  is 
difticult  to  exclude  the  possibility  of  cooi)eration  by  the 
vomiting  center.  The  effect  occurs  quite  as  promptly 
when  it  is  given  hy  mrmth  as  when  it  is  userl  sidKUtancously. 
The  nervous  path  is  also  the  same  as  with  local,  irritant 
emetics. 

According  to  Opcnchowski.  there  is  reason  to  believe  that  the  cen- 
trally acting  emetics  (apomorphin.  lohelin)  do  not  act  on  the  same 
center  as  the  peripheral  emetics  (ipecac,  copper,  antimony,  etc.).  and 
that  the  efferent  impnlses  take  a  cfifTercnt  path.  That  for  the  central 
emetics  involves  the  corpora  quadrigeinina.  spinal  cord  to  fifth  dorsal. 
and  .splanchnics:  no  vomiting  occur*;  if  any  of  the*;e  are  de^itroyed; 
but  it  is  not  prevented  by  dividing  (he  vagi.  With  the  locally  acting 
emetics,  including  ipecac,  the  conditions  are  reversed:  vomiting  is  pre- 
vented by  section  of  the  vagi,  but  not  by  dividing  the  splanchnics  ft<^ 
(Magnus,  igoj). 
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With  ipecac,  cmesis  is  produced  much  more  slowly  than 
in  the  case  of  apomorphin.  and  the  nausea  is  in  consequence 
more  prolonged.  Ipecac  increases  the  tracheal  secretion, 
even  when  given  intravenously. 

If  the  drug  has  been  given  by  the  stomach,  it  is  usually 
voided  by  the  vomiting,  in  which  case  there  may  be  no 
further  symptoms;  hut  if  it  was  administered  hypodcrmicai- 
l\\  the  vomiting  is  followed  by  diarrheat  which  is  often 
bliMxIy,  by  nephritic  albuminuria,  and  by  depression  of  the 
heart. 

Central    symptoms   make  thetr  appearance   after   large    doses. 

Paralytic  symf*lnms  set  in,  among  the  cariicst  in  mammals  being 
viuomotor  paralysis  with  fall  of  blood  pressure.  This  is  further  aided 
by  weakcntng  of  tfw  heart  muscle  due  to  its  direct  muscle-action,  and 
this  results  in  death.  H  the  action  has  lasted  any  time,  the  autopsy 
wiU  show  a  marked  gastro-cntcritis,  with  ccchymoses  and  even  ulcers. 
Edema  of  the  lungs,  from  the  hypersecretion  of  mucus  and  the  weak- 

«vcd  heart,  is  sometimes  seen. 

The  local  irritation  is  one  of  Its  important  effects.  It  may 
give  rise  to  conjunctivitis,  broncliitis,  pustular  eruption 
'*n  the  skin,  etc..  according  to  the  place  to  which  it  has  been 
applied.*  On  hyp<^>dermic  injection  it  is  very  apt  to  pro- 
</ifce  local  abscesses,  and  more  remotely  the  gastrn-entcritis 
already  mentioned.  The  irritant  action  nn  stihcutanenus 
tissue  is,  however,  comparatively  weak  since  the  alkaloids 
are  rapidly  removed  by  the  circulation.  The  occasional 
nqihritis  is  to  be  referred  to  the  irritant  action. 

In  smaller  quantities  it  produces,  especially  when  given 
V  the  mouth,  a  moderate  congestion  of  the  gastric  mncnus- 
membrane,  which  may  Ik  very  desirable  in  the  treatment 
of  some  dyspepsias;  and  it  also  influences  the  intestinal 
"^totis  membrane  in  a  favorable  manner  in  tropical  dysetp 

J  ^Jjfi'taneous  administration  is  inadmissible  on  account  of  the  danger 
I  tf)f  Systemic  actions.     To  make  the  effect  as  purely  local  as  possible, 
fnid^  drug,  or  its  preparations,   are   used   in   the  exclusion  of  the 


tijc 

'*oUtei  alkaloids.  As  emetic,  the  powdered  ipecac  de5cr\'cs  the  pref- 
^"T^-  For  the  nauscant  action  it  lias  been  recommended  to  use  an 
tiim'wn  by  RarslinR. 

W,  COMPARATIVE  ACTION  OF  KMETIN  AND  CEPHAELIN. 

"*c  composition  of  the  alkaloids  differs  merely  by  two  CHi  mole- 
"iw  (Emet!n  =  C«H„N:0.:   Cephaelin  —  C:.H«NiO0  :  their  action  is 

'^**t  persons  sre  so  sensilivc  to  the  local  action  of  ip«ac  that  the 
•^•?.  t>f  a  jar  at  a  distance  of  several  feet  will  prodnce  violent  snecxing 
ni  ucMtf  on. 
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accordingly  similar,  but  some  minor  differences  arc  of  therapeutic  i^ 
portance:     Emetic    effect:    Ccphaclin    is    by    far    more    emetic,    whi.  li&V 
emetin  is   the  better  nau!<eant.     Cardiac  effect:     Emelin  is  much  im:^  *"* 
depressing.     Kidneys:     Cephaclin    is    more    irritant.     Blood    corpuscl^"^-^  - 
Ccphaclin    is   somewhat   hemolytic    (Paul   and    Cownlcy,    1901;   Low   -^Tr\ 
igoj;  Wild.  1805;  of  the  older  papers,  Podwyssotzki,  Arch.  exp.  Pat-^fc~m.., 
ii;iji,  i87g). 

V.  MATERIA   MEDICA. 

Ipecacuanha   (U.  S.  P.,  B.  P.).— The  root  of  Cephtrlis  Iperacuan 
Riihiaceac.     Brazil  and  Colombia;  cultivated  in  India. 

Two  varieties  are  found  on  the  market,  called  Rio  and  Carthage 
Ipecac.  The  B.  P.  recognizes  only  the  former,  the  I'  S.  P..  bc^ 
Recent  researches  have  shown  that  the  Carthagcna  variety  coiita.  i 
more  of  btnh  alkaloids,  but  particularly  of  Cephaclin,  and  is  thcrcf^ 
the  more  valuable. 

Principal  constituents:      Besides  the  active    ingredients   enutneraKK 
there  are  starch,  volatile  oil.  etc.     The   total  alkaloid*,  amount  10 
to   2.9%    (at   least   2%    U.S.  P.).     The    ratio   of   emctin    to   ccpha-^ 
varies  from  3  emctin  :  i  ccphaelin  in  Rio  to  ^/y.l  in  Carthagcna. 

Pukis  !pecacuanh<r:     Dose:  As  emetic,   i   to  2  Cm.    (>^  to   Vi    X« 
sp4:K>nfun    in    lukewarm    water    (U.  S.  P. :    Expectorant,    0.065    Gr»"*  - 
I   gr. ;   Emetic,   i   Gm.  ^    15   gr.). 
Sitiiple  Preparations: 

Fiuidcxtractum  ! pccacuanhtr  (U.  S.  P.). —  fi  alcohol 
loids.  Dose:  Expccturanl.  0.05  to  0.3  c.  c.  (l  to  5  Jll)  ; 
(30  "l^    (U.S.  P.,  0.05  c.  c.  =  1   in.;    I   c.  c=iS  m,). 

Esfr.  Ipecac.  Liq.  (P.  P.).— Alcohol;  2.25%  alW.     Dose 
ceding. 

Syrupus  Ipcc.  (U.S.  P.). —  7%  of  fldcxt.;  contains  aceirc  jic» 
Dose:  As  expectorant,  1  c  c.  ^  15  tt].;  as  emclic,  15  cc.  —  - 
(U.  S.  P.). 

I'inum   Ipec.    (U.  S.  P.).— 10%   of   fldext    Dose:     As   expecion» 
.OS  to  2  c.c.   (to  10  JO  Til)    (i   c.c.  =  is  tn.,  U.S.?.);  as  emetic,  i 
c.c.    (4  3). 

I'inum  Ipec.  (B.  P.)— 5%;  0.1%  alkaloids.  Dose:  twice  the  (W-^ 
ceding. 

^icelum  Ipecacuanhff   (B.  P.)- — As  the  wine. 
Compound  Preparations: 

Pulvis  Jpecacuanhtr  et  Opii  (U.  S.  P.)  \Puh-is  Ipec.  Compos..  B.  PI. 
Dover's  P<nvder. —  10%  of  each  active  ingredient  Dose:  005  to  lA 
Gni.   <i  to  15  grs.)    (0.5  Gm.  ~7?/j  gr.  U.S.  P.). 

Trochisci  MorphitKC  et  Iprcocuatthtr  (B.  P.).— Each  contains  '/• 
grain  (0.0016  Gni.)  of  morphin  iiydrochlorate,  and  */«  grain  (cxoos 
Gm-l    ipecac. 

Tiitcfura  Ipecacuanha'  et  Opii  (U.S.  P.). —  Contains  10%  of  each. 
Dose:  0.2  to  1.2  c  c.  (3  to  20  minims)   (0.5  c.  c.=8  m.,  U.S.  P.I 
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(C)  THERAPEUTICS  OF  EMETICS. 
T.  PHYSIOLOGY  OF  VOMITING, 

The  act  of  vomiting'  consists  in  an  upward  etnpiyinjj  of 
the  stomach.  pnxluce<l  by  a  contraction  of  its  walls  and  its 
compression  by  the  abdominal  muscles,  joined  with  a  simul* 
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Sneous  closure  of  the  pyloric  and  relaxation  of  the  cardiac 
sphincters.  When  the  compression  of  the  organ  and  re- 
laxation of  the  sphincter  du  not  occur  simultaneously,  retch- 
tug  results,  the  contents  Ijeing  retained.  This  frequently 
precedes  the  vomiting.  A  still  earlier  stage  presents  the 
phenomena  of  nausea  as  already  <lctai!ed.  Tire  act  of  vom- 
iting is  a  reflex  one.  and  to  sutne  extent  physiologic,  espe- 
cially in  yf)ung- children,  where  it  has  little  more  significance 
than  sneezing.  It  is  controlled  hy  a  nerve-center,  situated 
in  the  proximity  of.  and  clnsely  related  to.  the  res])iratory 
center.  The  reHex  arch  might  he  stinnitateil  at  any  part 
of  its  course,  and  vomiting  thus  produced.  The  center  may 
be  directly  affected  by  concussion  or  pressure  on  the  brain, 
and  by  drugs  which  we  will  call  "  central  emetics" 

The  reUfXfs  may  take  their  origin  in  many  organs:  from  the  ali- 
meniary  canal  —  phar>nx,  stomach,  and  intestine:  from  the  special 
*tnsc?^by  sight,  smd),  or  taste:  but  in  these  cases  the  effect  results 
more  strictly  from  a  psychic  cause  iban  directly  from  the  sense  organs. 
Disturbance  of  the  mechanism  of  ef|nilibrinm  is  also  an  effective  cause, 
ai  in  vertigo  and  sea-sickness.  The  impulses  may  also  arise  in  the  gall- 
doct,  kidney,  ureter  and  bladder,  sexual  organs,  etc. 

Such  irritation  may  be  obtained  by  any  of  tlie  known 

/orms  of  stimulation,  and  cunsei|uently  also  hy  drugs,  the 

a/znientary  canal  being  the  most  convenient  point  for  attack. 

j\'e  will  call  drugs  acting  in  this  way  lactil  emetics.     There 

'5    still  another  tyi)e  of  Incal  emetics  CDUceivahle,   namely. 

''lose  which  should  act  directly  upon  the  muscular  tvalls  of 

tile  stomach  without  the  intervention  of  the  reflex  mechan- 

'^*^.      But  since  contraction  of  the  stomach  alone  does  not 

usually  result  in  vomiting,  and  since,  further,  all  the  drugs 

^'nich  produce  this  irritation  also  produce  at  the  same  time 

*  reflex  irritation,  they  may  well  be  considered  with  the  last 

^lass.     We  have,  then,  according  to  their  seat  of  action, 

tw-o   classes  nf  emetics  —  l<xal  and  general. 

t-metics  do  not  oi>erate  in  deep  narcosis.  A  large  dose 
*>f  ninrphin  may  be  utilized  in  dogs  to  prevent  the  vomiting 
f'>  irritant  drugs.  These  are  given  shortly  after  the  emesis 
produced  by  the  morphin  itself. 

n.  ENUMERATION   OF  EMETICS. 

'W  irritant  substance  may  act  as  a  local  emetic  when 
oTougbt  in  contact  with  the  lining  of  the  a!imentar>'  canal. 
4^(1  especially  of  the  stomach.     The  number  of  irritant  fob- 
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stances  is  very  large  —  they  include  practically  everything; 
even  water  in  sufficiently  large  quantity  has  this  effect,  espe- 
cially when  warm,  and  is  indeed  used  as  an  adjunct  to  other 
emetics  (its  effect  being,  however,  largely  mechanical). 
Besides  the  substances  which  have  specific  irritant  proper- 
ties, those  otherwise  inert  may  irritate  by  their  salt  action  if 
tiiey  are  soluble,  or  by  their  mere  presence  if  they  are  not. 

Of  course,  these  actiun^  are  in  very  m8ny  cases  not  strong  enoufth 
to  produce  even  a  trace  of  nausea;  nevertheless,  ihe  number  *>(  sub- 
stances which  may  produce  cmesis,  either  by  their  local  or  general 
action,  affords  a  very  large  material,  the  greater  part  of  which  n 
valueless  for  practical  use,  since  vomiting  forms  only  one  factor  in 
their  action.  However,  it  has  been  possible  to  select  a  comparatively 
small  number  which  show  freedom  from  other  actions.  It  should 
further  be  said  that  very  many  of  the  substances  which  wc  are  now  to 
consider  have  a  central  action  as  well  as  a  local  one.' 


I 
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Amongst  local  emetics  we  have:  /.  All  salts,  and  espe- 
cioUy  the  metallic  salts.  Especially  Zinc  and  Copper  Sul- 
phate and  Tartar  Emetic  and  Ammonum  Carbonate. 

2.  Those  acting  on  muscles  or  centrifugal  uen'oiis  mech- 
anism: Nicotin,  Morphin.  Pilocarpin,  SangtU9taria.  Phyto- 
lacca, Lobelin.  Muscarin.  Physostigmin.  etc. 

5.  Organic  irritants:  Ipecac,  Senega,  Mustard,  QuUlaja, 
Difi^italis,  Squills.  Ouinin.  Carbolic  Acid.  etc. 

Of  ^neral  emetics,  Apomorpiiin  is  the  main  representa- 
tive. 

in.  USE  OF  EMETICS. 

Emetics  are  used  for  two  very  different  objects :  to  pro- 
duce vomiting  or  to  produce  nausea.  The  same  drug  will 
accomplish  either  i>bject.  accortling^  to  the  dose,  the  dose  for 
nausea  being  about  one-tenth  of  the  emetic  dose. 

The  several  drugs  are  especially  adapted  to  one  or  the  other  pur- 
pose, and  it  is  well  to  make  a  selection  accordingly. 

The  indications  for  the  use  of  emetics  were  formerly  very  numerous 
and  general^  hut  they  are  row  obsolete  except  for  very  definite  objects, 

1.  The  nauseant  stage  is  used  mainly  in  the  treatment  of 
catarrhal  C4>nditions  and  coughs.  The  increase  of  secre- 
tions, especially  mucus,  is  the  desired  feature  in  this,  and 
they  are  only  useful  when  the  tnucus  is  deficient  or  thick  and 
tenacious. 


*  Italics  siffntfy  that  the  drui:  ii  used   mainly  as  nauMant;  amaU  capitah,  u 
emetic;  heavy-face  type,   for  fcwth  purpoaea. 


Et  of  its  diaiihoretic  action). 
I   ( in  the  form  of  Syr.  Senegae.  5ss  —  2  c.  c. ) : 
the  advantage  of  not  being  absorbed  and  hence  is 
essing. 

«.  Carbonate  (  2  grs. —  0.15  Gm.)  :  This  is  actually 
Ig  and  on  account  of  its  alkalinity  tends  to  dissolve 

Emetic  (t  gr. —  0,06  Gm.):  This  is  much  more 
g,  and  if  long  continued  may  be  absorbed  and  pro- 
Sptoms  analogous  Ui  arsenic.  Perhai)s  the  liest 
flministering  it  is  in  the  Comp.  Syr.  Squills,  15  n\, 

nd   Emesis. —  <A)    The   indicationB    for   an   actual 

JIton  may  be  summarized  as  fallows: 

fcMOVC  solid  bodies  from  esophagus,  pharynx,  or 

^passages.     (If  the  obstniction  is  in  tlie  trachea, 

(Ot   without  danger,   since  the  Ixxly   may  become 

^  the  glottis.)     Croupous  pncmbrancs  may  l)e  re- 

I  a  similar  manner.     Emesis  may  cut  short  an  at- 

kthma. 

rtnpiy  the  stomach:  {a)  \Vlien  the  food  is  not  be- 

ked.  especially  after  overeating. 

p  remove  poisons:   This  is  of  especial  importance 

boisoning  through  substances  administered  by  the 

[but  it  may  even  be  useful  when  the  poison  has 

pnistered  in  other  ways,  especially  in  the  case  of 
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when  the  poisoning  is  due  to  caustics,  since  the  violent  com- 
pression is  apt  to  cause  rupture  of  the  weakened  wall  of  the 
stomach  (this  objection  is  perhaps  rather  theoretic).  In 
many  cases  the  ixnson  itself  causes  emesis.  so  that  further 
measures,  except  perhaps  warm  water,  are  unnecessary. 

3.  To  cause  compression  of  the  liver,  for  the  removal  of 
bile  and  small  gall-stones  from  the  gall-bladder  and  ducts: 
The  usefulness  of  this  measure  is  perhaps  doubtful;  since 
the  intestines  are  alsi)  ctimpressed.  the  added  vis  a  tcrgo 
cannot  be  very  effectual,  and  on  the  other  hand  it  might 
rupture  a  distended  gall-bladder. 

(B)  The  contraindications  to  emetics  are  mainly  due  to 
increase  of  pressure  and  to  del>ilitation,  and  are  as  follows: 

1.  Severe  heart-defects,  or  aneurysm  of  the  aorta,  since 
the  sudden  and  violent  increase  of  intrathoracic  and  intra- 
abdominal pressure  may  result  in  the  rupture  of  these  or- 
gans. 

2.  Atheroma.  The  sudtlen  changes  in  blood  pressure  are 
apt  to  burst  a  vessel  and  produce  apoplexy. 

3.  Similarly,  they  may  lead  to  hemorrhages  in  phthisis, 

4.  Abortion  may  result,  in  adt'anced  pregnancy. 

5.  Tendency  to  hernia. 

6.  In  all  debilitated  conditions  there  is  danger  of  col- 
lapse. 

7.  Caustic  poisoning. 

(C)  The  measures  most  commonly  adopted  to  produ« 
emesis  are  the  following: 

1,  Wann   Water,  Tickling  of  Fauces. —  These   do    -% 
usually  act  as  emetics  when  the  stomach  is  normal:     "* 
when  it  is  irritable  —  as  is  usually  the  case  when  cm 
are  indicated  —  they  may   l)e  sufficient.     But  on  acc^-;^ 
of  their  uncertainty  they  are  usually  only  employed  l« 
the  action  of  other  emetics. 

2.  The  same  may  be  said  of  mustard  (a  tcaspoonfi:^^  . 
cup  of  hot  water).  '"j 

These  means  (i  and  2)  do  not  cause  much  ^^P^^^ 
but  they  act  slowly  and  are  uncertain;  they  are  Iv^^^'*'' 
value  for  efnptyin^  the  stomach  of  food.  etc..  but  W^^^  ^^^ 

'  ifuilcated  in  poisoning  where  a  prompt  action  i^^       ^" 
When  no  other  emetic  is  at  hand,  tV^       ^"^ 


quirement. 

/  course  l>e  trie<l. 
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V  of  Alkalies. —  A   concentrated  so1«\^ 
jLjnay  catise  vomitine  through  irritatt^     ^    ^ 


ting  through  irritat\^ 
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are  uncertain  and  have  no  advantag^e.  with  the  exception  of 
flwiffcwMm  salts.  These  have  a  stimiilaling  action  on  the 
medulla,  tending"  to  counteract  the  depression  incident  to 
nausea:  they  sliould  be  used  wlienever  the  depression  is 
especially  contraindicated.  Their  action  is  too  slow  and 
tincertain  to  be  of  use  in  poisoning.  Ammonium  carbonate 
has  the  additional  advantage  of  <liss4»lving  mucus,  and  has 
its  special  indication  in  catarrhal  conditions.  It  is  given 
in  doses  of  10  to  20  grs.  ( i  Gm.)  in  solution,  repeated  until 
vomiting  occurs. 

4-   Metallic  salts. —  Those  in  practical  use  are  the  Sul- 
phate of  Co()i>er  and  of  Zinc,  anri  Tartar  Emetic.    The  last 
™^y  1)C  to  some  e.xtent  absorbed,   and   is  then  very  de- 
pressing; it  is  also  very  slow,  so  that  it  may  be  doubted 
J^'^^ether  it  is  ever  in<iicated.     Of  the  fonner,  the  preference 
'^  S^ven  to  the  copper  salt,  although  the  zinc  sulphate  has 
P''<eciscly  the  same  action.     They  irritate  in  a  specific  nian- 
[^^»"  those  structures  in  the  stomach  which  set  up  the  vomit- 
'^^  reflex,  before  the  protoplasm  of  the  gastric  wall  has 
"^^ergone  any  noticeable  change.     They  are  not  absorbed 
^  ^Jong  as  the  mucous  membrane  is  intact,  and  are  hence 
J^>tcsafe.     Their  actii)n  is  rajiid.  so  that  there  is  tio  lime 
f^^  naitsca.     The  depressing  action  is  also  small.     But  tliey 
^""^^^006  practically  always  some  irritation  of  the  gastric 
*^1  Is,  and  this  limits  their  use  to  such  cases  of  poisoning  in 
?5^ich  the  poison  is  nnt   injurious  to  the  stomach  itself. 
**^^y  must  be  e5j)ecially  avoided  when  there  is  reason  to 
*J^I>pose  that  the  mucous  membrane  has  been  injured,  since 
JJl^3r  would  be  absorbed  in  this  case  and  cause  poisoning. 
J*'*^>  only  (idvautagc  over  al^omorphin  consists  in  a  less 
"^^Tee  of  nausea  and  depression.     Copper   sulpliate  is  of 
5*^^^cial  value  in  phosphorus-poisoning  if  any  of  the  poison 
*^  still  in  the  stomach,  since  the  metallic  copper  is  precipi- 
l*^^  and  forms  an   impermeable  coating  over  the  nnab- 
■rd  phosphorus  particles.     It   is  administered  in  about 
-olulion,  5  grs.  (0.3  Gm.)  repeated  at  intervals. 

5.  Vegetable  irritants,  including  emetin.  saponin,  digi- 
l^hn.  etc.,  act  slowly  and  manifest  other  actions,  which  prac- 
ti^Ily  limit  their  use  to  the  production  of  nausea.  Ipecac 
is  sometimes  used  as  an  emetic  (5j — 4  c.  c. —  of  wine 
OCT)-  fifteen  minutes) ;  or  as  the  powder,  i  Gm.,  in  luke- 
warni  water. 

6.  Of  alkaloidal  emetics,  not  local  irritants,  apomorphin 
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is  alone  used  in  practice,  ll  is  indicated  whenever  a  pron 
emetic  is  desired.  The  only  excepti(jn  is  funned  by  ca 
in  which  depression  is  especially  contraindicaled ;  in  the*^= 
ammonium  carbonate  should  Ijc  chosen  for  slow,  copp-^ 
sulphate  for  (|uick,  action.  AiXMiiorphin  is  the  only  emetr:= 
which  can  be  g^iven  hypodcrmically,  and  must  therefore 
used  in  all  cases  where  swallowing  is  impossible.  It  is  use 
in  I'/r.  solution  hypixierniically,  in  doses  up  to  J  grain  (o.c 
Gm.)   (or  1  c.  c.  (15  minims)  of  this  solution). 


CHAPTER  XV. 


ACONITE;  VERATRIN;  COLCHICIN;  CARDL^ 

DEPRESSANTS. 

(A)  ACONITE  GROUP. 


I.  COMPOSITION.  ETC. 


Aconite  ushers  in  a  series  —  comprising  also  veratrin  a«"^' 
cokhicin  —  characterize<l  by  widespread  and  confused  sXir^y' 
ulalion  and  paralysis  of  nervous  stmctures.  b<^th  central  art*^ 
peripheral,  and.  in  addition,  by  a  peculiar  action  on  skelet^^ 
and  cardiac  muscle. 


.Aconite  Usclf  is  one  of  the  oldest  known  poisons.  It  was  cmplo>TCt! 
(as  the  expressed  juice)  by  the  Greeks  and  Romans.  The  ancient 
Chinese  and  Ganls  tiscd  it  as  an  arrow  poison.  Us  iherapeutic  use  is 
of  much  more  recent  dale   (it  was  introduced  hy  Slorck  in  1762). 

The    isolation   of   its   toxic   alkaloids    (aconitins)    is  quite   a    r-- 
achicvement.    Ilicir  preparation  in   pure  form  i?  very  difhctilt,  a- 
are  ca'^ily  decompo-ied  into  much  les.s  active  hydration  product*.      1  "a- 
aconitins  are  csiters  of  closely  related  bases    (aconins)    and   aromatic 
acids,  especially  benzoic  acid.     The  most  important  arc : 

T.  Aconitin.  from  Aconitum  NapcIIus.  (It  i«  a  benzoic  acid*aconm > 
The  JaMconifin.  from  Ac.  Japonioim,  formerly  supposed  to  be  a  dis- 
tinct alkaloid,  is  now  generally  considered  identical  with  aconiiin. 

2.  Fscudaconittn,  from  Ac.  Fcrox. 

X  Pclffhintn.   from    Delphinium   StaphisafiHa. 

The  first  and  second  seem  to  be  about  equally  active;  the  third  U 
considerably  weaker. 

The  exact  cheniic  structure  and  composition  of  these  alkaloi<i5  itt 
still  quite  obscure.  They  agree  in  giving  hydration  products  wbich 
have  qualitatively  the  same  action,  but  are  the  weaker  the  more  the\' 
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arc  hydrated.     (Pikraconitin  is  already  only  Vm  as  strong  as  aconitin; 
acontn,  Vj«). 

CHmNOu*  +  H^  =  C»H«NO,.  +  GH.O, 

Aconitin  Pikraconitin     Benzoic  Acid 

C^H«NOu  +  HjO  =  C„H„NO,e  +  CH.OH 
Pikraconilin  Napellin       Methyl  Alcohol 

C«H«NO.o  4- H.O  =  CnHx.NO,  +  CH.O, 
NapcDin  Aconin        Acetic  Acid 

Cotnmfrcial  "  Acomliiu "  usually  represent  mixtures  of  varying 
strength,  some  being  a  hundred  times  more  active  than  others.  This 
enormous  variability  is  most  unfortunate  in  a  subMancc  of  so  great  a 
loxicily;  and  several  fatal  accidents  to  which  it  gave  rise,  have  led  tn 
ihe  practical  abandonment  of  the  internal  use  of  aconitin  in  thera- 
peutics. The  tincture,  indeed,  gives  quite  satisfactory  resultij ;  but  in 
regard  to  this  it  should  be  renionibcred  that  the  strength  of  the  V.  S.  P, 
tincture  has  been  reduced  from  35%  to  10%;  and  that  it  is  still  twice 
as   strong  as  the  B.  P.  tincture. 

IF.  SUMMARY   OF   ACTIONS. 

1.  Excitation  and  snl)se(|ncnt  paralysis  of  many  different 
nerve  endings  —  sensory,  motor,  and  secretory. 

2.  Excitation  and  sid>sef|nent  paralysis  of  certain  parts 
of  the  central  nervous  system. 

Aconitin  is  the  most  toxic  of  all  alkaloids,  and  is  only 
surpassed  by  some  of  tlie  toxalbnmins  and  similar  sub- 
stances.    Three  milligrams  are  fatal  to  man. 


nr.  pi:tails  of  action. 

(A)  Peripheral. —  i.  The  first  effect  of  aconitin  —  Avhether 
<  »n  !ocal  or  systemic  administration  —  consists  in  a  local  irri- 
tation of  the  sensory  ncnws  of  the  skir;  and  mncous  mem- 
branes. When  ap[»lied  to  the  skin  in  tvaicry  solution  it  has 
ven,'  little  action,  since  it  c;tnnot  lie  absorfied ;  l>ut  if  il  is 
dissolved  in  oil,  it  causes  a  pricking,  itching,  and  Inirning; 
then,  similarly  tn  cocain.  a  total  paralysis  of  sensation  to 
touch,  temperature,  pain.  etc.  Applied  directly  to  any  kind 
of  nerve-fil)er.  it  destroys  its  irritability,  and  tlie  recovery 
from  this  is  quite  sl<nv. 

These  skin  effects  also  follow  its  administratirni  by  m<»uth 
or  hypodermically,  but  in  the  former  case  are  preceded  bv 
similar  phenomena  in  the  month.     There  is  the  same  ting-- 
ling  and    burning,    a    bittcr-soitr   taste,    and    disagreeable 
^ratching  sensations  in  the  pharynx.     Other  mucous  mem- 
branes are  also  affected  and  give  ri.se  to  redexes  ( sneezing. 

■  _  Thi»   formula   '%»  not   untverftiilly   accepted,    and   is    given    here    sim|i1y    as    an 
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coughing,  salivation,  nausea,  vomiting,  etc.),  which  greatly 
complicate  the  picture  of  the  intoxication.  The  irntalion 
is  in  all  cases  followed  by  anesthesia.  There  is  no  rcdda^- 
ing  or  other  sign  of  inflammation  (as  there  is  with  most 
local  irritants),  even  on  the  mucous  membrane. 

The  great  number  of  structures  irritated  when  the  drug  acts  from 
the  blood  would  favor  the  theory  thai  tlie  stimulation  is  central ;  but 
this  is  disproved  by  the  fact  that  the  action  is  first  seen  in  the  situation 
where  the  aconiiiii  is  applied. 

\  peculiar  and  charncleristic  effect  of  aconite,  a  f/ii7/;y  sensation 
which  occurs  before  cither  the  temperature  or  the  circulation  through 
the  skin  is  changed,  must  be  due  to  a  stimulation  of  certain  tempera- 
ture nerves,  and  is  of  interest,  since  aconitin  seems  to  be  the  only  drug 
having:  this  action  from  the  blood,  although  post^ibly  some  bacterial 
poison  may  also  possess  it.  (Menthol  al^o  stimulates  these  nerves, 
but  only  on  local  application.) 


Fic.  66. — .^conilF  action  beiHns  at  V:  A,  Carolid  prcaeurr,  dox;  ahowf 
|[rcaaivc  vagua  stimiilatiiin;  B.  cardiomyugram,  Au%;  «how«  the  sUkcs  of  sUi« 
irregularity,  ami  5nal  qiitckcning:  C.  vnhymoKrain,  man:  the  first  line  i«  no: 
the  othcra  ahow  the  lowering  of  the  pulsc-wavc. 

3.  The    secretory    endings    in    general   are    also    stimulated, 
directly  and  rcflexly. 
Striped    muscle  i^how^  fibrillary  twitchings,  which  persist  after  s 

tions   of   the   nerves,   but   are   abolished   by   cnrarc,   and   are   iherefc 
caused    hy    stimiil.ilinn    of    the    endings.     Larger    doses    paralyze   t 
motor  endings.     Delphinin  has  even  been   recommended  as  a  suhsr 
tuie  for  curare  in  ]al>orator>-  work  on  frogs    (Schiller,   1904). 

(B)  Action   on  the   Circulation.' — Therapeutic  doses 
aconite  slow  the  heart  (Fig.  66  A),  and  thereby  lower  ih 
blood  pressure.     The  pulse  consequently  becomes  soft  an(^ 


*  Exercitea  53,  59  and  63 
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(Xerotic  (Fig.  66  C).  The  slowing  (which  is  often  absent 
in  tlogs)  is  due  to  stimulation  of  the  vagus  center;  for  it 
does  not  appear  if  the  vagi  have  been  divided. 

T>iis  r*  as  far  as  the  action  progresses  with  therapeutic  doses. 
Jf-*"*^  dojrs  greatly  increase  the  force  and  especially  the  rale  of  the 
w*rt.  at  the  same  time  rendering  it  extremely  aryllimic  (Fig.  66  B). 
The  beats  may  occur  in  sronps,  as  with  digitalis.  The  heart  finally 
goes  qtiite  suddenly  into  delirium  cordis,  and  stops.  During  the  ear- 
lier stages  of  this  action  the  blood  pressure  is  extremely  variable^ 
woreling  to  the  varyuig  force  of  the  heart,  and  the  successive  stimu- 
tition  and  depression  of  the  vasomotor  center.  Toward  the  later 
**>K^^,   the  pressure  drops  severely   (Matthews,   1897). 

These  cardiac  effects  are  due  partly  to  stimulation  and  depression 
w  the  vagus  and  accelerator  mechanisms,  but  mainly  to  direct  action 
^  the  cardiac  muscle:  the  excitability  of  the  latter  is  grenily  in- 
leased,  somewhat  as  with  digitalis  (which  see).  The  quickening 
**^**rs  even  in  the  nen-'e-frec  heart  of  the  embryonal  chick;  in  mam- 
maJs  alio  !t  IS  seen  after  all  the  nerve  endings  in  the  heart  have  been 
paraly^^d  by  apocodein. 

Jhc  isolated  mrtttimalian  heart  (Hcdbom-LangendorfT)  shows  the 
following:  The  first  effects  arc  inconstant;  the  frequency  is  thco 
"rorrnously  increased  and  amplitude  lesi^encd  below  what  is  accounted 
yl^  "y  the  quickening  (increased  irritability  and  weakened  muscle). 
A^  follows  a  transient  increase  of  amplitude  (muscular  stimulation), 
**"*  thrti  sudden  stoppage  of  left  vf utricle  (paralysis  of  automatic 
P'^^P^^rty).  Tile  right  ventricle  and  the  auricles  make  a  few  more  con- 
tri^tions.    Caffein  may  siart  a  few  l»eais 

\^^    actions  of  aconite  on   the  frog*t  heart  are  very   interesting 
J"^    <^haracteri!>tic'     Thu  phenomena   are   usually   somewhat  as  in    Fig. 
W-    their  most  satisfactory  explanation  i^  as  follows: 
}'   Quickening,   from  stimulation  of  the  accelerator  endings  and  car- 
*»>^    muscle. 

2.   Accelerator  paralysis,  beginning  stimulation  of  vagus  and  begin- 

0"*^    paralysis   of  heart-muscle.    These   result  in   slowing,   and   finally 

rtoprpfligp  ,(j  J      jn  ^  [he  vagu?  stimulation  is  giving  place  to  paralysis, 

Wi'    the  paralysis   of   the    cardiac    muscle   has   prngre>sed    so    that    the 

:irc    weak    and    irregular      The    irregularity    may    take    various 

often   the  blood   i^   pumped   from  one  side  of  the   ventricle  to 

•'  '   '  ihcr.  etc.     It   appears  that  the   force   of  the  heart  is  diminished, 

u\^  that  lis  excitability  is  increased.    The  rhythmic  property  is  the  next 

•  ■  ittvt  out;   in  cotisrqucnce  the  heart  stops,  but  it   still   responds  to 

■i'^'-'T  stimulation.    Thjs,  loo,   is   finally  lost   through  paralysis  of  the 

rP  "^fit-fibers. 

Coiuidering  the  nttmbcr  of  mechanisms  involved,  it  need  not  sur- 
pn«c  that  the  phenomena  arc  not  always  typical,  as  here  described. 

(C)  Central  Nervous  System —  The  central  actions  of 
aconite  api>ear  extremely  crnnplex  if  it  is  attetnpted  to  study 
rhcrn  in  detail;  but  tliey  become  simpler  if  certain  general 
facts  are  borne  in  mind. 

The  central  nervous  system  is  affected  through  its  whole 
extent,  both  directly  and  rcHexly.     The  direct  action  pre- 

*  Cxvrciic  49  (Boehm,  1671  >• 
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dominates  and  is  maiuly  paralyzing.  The  action  is  exerteil 
mainly  upon  the  meduila,  then  comes  the  cord,  and  lastly 
the  hemispheres.  Consequently  the  intelligence  remains  un- 
impaired as  a  rule,  but  there  may  l)e  unconsciousness  as  a 
consetiuence  of  collapse.  The  latter,  which  occurs  early,  is 
the  result  of  paralysis  of  the  medullary  centers.  Of  these. 
the  respiration  is  affected  early ;  it  becomes  slowed,  diffi- 
cult, and  dyspneic.  This  is  partly  rellex.  from  stimulation 
of  the  va^tis  endings  in  t!ie  lun^s.  etc.  Paralysis  of  the 
respiratory  center  f*)nns  the  cause  of  death.     Of  other  med- 


Tic.  67. — Schema  of  action  of  aconite  un  froe'ft  heart:  A  reprcscnti  dia- 
Erammaticany  ihc  changes  cotc<l  in  the  heart:  electrical  itiiuulation  produort 
single   contractions   at   s,   no  response  at   6.     B   to   E   are   to  ihow   the   part   %hicb  1 

the    different    struciuren    of    the    heart    contribute    to    the    rtbservrd    phenomma;    1  . 

rite   above    the   bate    line    is   to   Imltcate   increased    functional   activity,    and    the   cthi- 
rerse;     />.    |>oint    at    which    jiaralyfti*    occur*:    A.    normal:     B.    accelerator    rndins*;  « 

C   rhytnmxc  property:    D.   vagus  endings:   E.   muscle   contractility. 

ullary  structures  the  vagiis  and  vasomotor  centers  have  ^ 
been  consideretl. 

The  vomiting,  diarrhea,  etc..  may  also  he  due  in  part  In  * 

direct  stimulation  of  the  centers,  but  are  largely  from  local  ' 
irritation. 

Convulsions  occur;  their  seat  is  probably  diffuse.     The  ^ 
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iemperature  falls,  both  in  health  and  disease,  but  this  is 
probably  an  expression  of  the  collapse  action. 

IV.  TOXICOLOGY. 

It  will  be  seen  from  the  ab<:>ve  that  the  picture  of  aconite- 
poisoning  must  be  a  xcvy  complicated  one;  the  whole  nerv- 
c^iis  system,  central  and  peripheral,  being  affected,  in  no 
-v^'cll-defined  order,  in  two  diametrically  opposed  directions, 
^Ine  result  must  be  extremely  variable,  and  can  be  under- 
^C<>«>d  only  by  bearing  this  diversity  in  mind. 

Accidental  poisoning  from  the  fresh  plants, —  which  as  monk's-hood 
^0^  larkspnr  arc  quite  common  in  gardens, —  as  also  from  liniments, 
^^^r*  .  i&  quite  frequent.  On  account  of  the  small  dose,  the  absence  of 
-^^^^rstmortcm  signs,  and  the  difficulty  of  chcmic  proof,  aconitin  has  re- 
J^  s-^ily  become  quite  a  favorite  for  suicidal  purposes.  The  use  of  the 
py^B.sit  for  criminal  poisoning  is  widely  spread  in  the  East.  The  symp- 
tcyv^v^i  are  so  unmistakable  —  especially  the  tingling  —  that  it  has  not 
fc^«j»iid  many   users  in  civilized  countries. 

Symptoms. —  In  very  large  doses  death  may  occur  al- 
iTi-<r>st  instantly  —  probably  from  paralysis  of  the  heart.     In 
*t»l:> lethal  doses  the  tingling,  the  slow,  weak,  and  irregular 
^^-^n.  and  the  muscular  weakness  are  most  conspicuous. 
'«        mrxleraiely  toxic  doses  the   following  picture  is  seen: 
^^^*nung  in  mouth,  stomach,  and  skin;  excessive  salivation; 
"^v»5ca,  retching,  x^omiling.  and  diarrhea  (both  central  and 
f cFI ^x  eflfect ) .     The  burning  |)asses  itito  anesthesia.     There 
^^  .STcat  restlessness.     The  pulse  is  slow,  feeble,  and  arhyth- 
"^'^  ;  later  it  may  l>ecome  very  rapid.     Respiration  is  dysp- 
"   '-.    There  are  muscular  weakness,  incoordination,  ver- 
.r^'  >-    The  skin  is  cold  and  livid.     The  pupils  are  usually 
**^^^tc!].  from  the  asphyxia  and  convulsions.     The  inlelli- 
^^^tc(  does  not  usually  suffer,  but  there  may  be  stupor  and 
T^^  tinconsciousncss.     The  special  senses  and  speech  may 
r*  impaired.     Compulsions  are  common.     Death  may  txcur 
*y  heait  paralysis,  but  more  often  by  paralysis  of  the  res- 
pirator)* center.     The   symptoms   may   appear  almost    in- 
^Untly.  and  are  rarely  delayed  beyond  an  ht^ir.     In  fatal 
pf'i.vintng  death  ocairs  usually  in  two  to  six  hours.     There 
^'^no  constant  postmortem  changes. 

''■^•tment — The  usual  chemic  antidotes.     Emetics  are 

/^  UKUally  necessary.     The  symptomatic  treatment  should 

^''^'nly  stimulating  —  ammonia,  brandy.  str>xhnin.  atiro- 
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pin,  warmth,  and,  when  necessary,  artificial  respiration. 
The  chcmk  tests  for  aconitin  are  of  no  value.  The  poison 
is  best  proved  by  its  pharmacologic  action  on  the  frog's 
heart,  by  the  sequence  of  quickening,  slowing,  quickening 
and  slowing.  (This  is  the  more  important  since,  in  a  legal 
case,  a  pttimain  was  isolatet!  which  gave  the  chemic  tests 
for  delphinin.  The  prickHiig  is  also  very  characteristic. 
Veratrin  is  the  only  other  substance  having  a  similar  eflFect,) 
Aconitin  is  excreted  mainly  in  the  urine.  It  may  be  ab- 
sorbed from  the  intact  skin. 

V.  THERAPEUTICS. 

The  collapse  action  of  aconitin  is  so  strong  that  none  of 
its  other  effects,  except  the  local  anesthesia,  can  be  utilized. 
The  former  may.  however,  be  useful,  especially  in  short 
and  sffwtiic  fevers,  as,  for  instance,  in  colds  or  acute  rheu- 
matism; it  depresses  here  the  overaction  of  tlie  heart,  and 
promotes  sweating,  ami  in  both  ways  tends  to  lower  the 
temperature.  Very  small  doses  should  lie  employed  for  this 
purpose  —  3  drops  of  the  tincture  for  aduUs.  repeated*  every 
hour  until  tlie  pulse  has  returned  to  normal.  It  should  be 
avoided,  just  as  all  other  depressing  agents,  in  long-con- 
tinued fevers,  such  as  typhoid. 

Its  anesthetic  action  has  already  been  discussed  under 
local  anesthetics  (p.  226).  and  it  will  also  be  considered 
under  counterirritants  (Chap.  XXIX,  E).  It  is  used  in 
the  form  of  liniments  (about  I  part  of  tincture  to  10  of 
the  liniment)  and  in  2%  ointment  of  the  alkaloid,  mainly 
in  neuralgias  and  rheumatism.  It  is  given  internally 
against  trigeminal  neuralgia. 

The  staphisagria  is  used  in  the  form  of  ointment  to  de- 
stroy pecliculi. 


CARDIAC  DEPRESSANTS. 

Cardiac  depressants  may  be  defined  as  drugs  which  lower  the  activity 
of  the  heart.  They  may  do  so  either  by  weakening  the  cardiac  muscle 
or  by  stimulating  the  vafius  mechanism.  The  former  is  done  by  large 
dose!!  of  almost  any  drug:  the  latter  is  alone  useful  therapeutically. 
A  slowing  of  this  kind  may  be  valuable  in  regulating  an  over!^imu1atc<d 
heart;  but  since  it  also  produces  a  fall  of  blood  pressure,  it  is  particu* 
larly  useful  when  a  quick  puhe  is  joined  with  a  high  pressure  —  as  in 
sthenic  fever.  Quick  pulse  with  low  pressure  indicates  digitalis  or 
strychnin,  which  act  on  the  vasomotors  as  well. 

The  most  useful  Cardiac  Depressants  are :  Aconite.  Spartein,  Vera- 
trin, Colchicin,  Potassium  Nitrate. 
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VI.  MATERIA   MEDICA. 

Aconitum  (U.S.  P.)  [Aconiti  Radix.  Q.  P.].— (Aconite,  Monk's- 
hood.  Wolfsbane.)  The  tuber  of  Aconitum  NapcHus,  Ranunculaceac. 
Collected  in  autumn.  Europe.  Asia,  and  northwestern  North  America. 
(Other  species  contain  similar  principles.)  Frequently  cultivated  in 
garden?;.     All  parts  of  the  plant  are  poisonous. 

Active  Constituents:  Aconitin  (not  less  than  0.5%  U.S.  P.)  and 
similar  alkaloids;  resin,  fat,  sugar. 

preparations    (made   with   ^  to   Yi   alcohol;    become  turbid  if  mixed 
with  water,  but  this  does  not  destroy  their  activity)  : 

Fluidextractum  Aconiti  (U.S.  P.). —  04%  aconitin.  Dose:  0.05  c.c. 
=  1  m.  U.S.  P. 

Tincture  Aconiti  (U.S.  P.).— 0.045%  aconitin,  10%  of  drug  (for- 
merly 35%!).  Dose:  0.1  to  i  c.c.  (2  to  15  ir],)  (0.6  c.c.  =  10  ni,, 
U.S.  P.). 

Tinctura  Aconiti  (B.  P.). — 5%.  Three-fourths  alcohol.  Dose:  0.3 
to   I   c.c.   (5  to  15  minims). 

AconUiiM  (U.  S.  P.).— G.H..NO1,  (crystalline):  sol.  3200  water. 
22  ale.  Dose:  0.15  mg.^Vm  gr.  (U.S.  P.).  Maximal  dose,  0.3  mg. 
Its  internal  use  is  not  advisable. 

Aconitino   (B.  P.).— C»H«NOij  amorphous. 

Vnguenlum   Aiomtin<e   ( B.  P. ) . —  2%. 

StaphiMgrU  (U.S.  P.)  [Staphisagriir  Semint,  B.  P.].— (Sfotrjr- 
a^re,  Larkspur.)  The  seed  of  Delphinium  Staphisagria  (other  parts 
of  the  plant  and  other  species  are  also  poisonous),  Ranunculace«. 
Temperalc  zone. 

Constituents:    Delphinin  and   similar  alkaloids;   fixed   oil,   mucilage. 
Dose:  0065  Gm.=    i  gr.   (US  P.). 
Preparations: 

Vngucntum  Staphisagrice   (B.  P.). —  10%.     Used  a  parasiticide. 

Fluidextractum  Stapliisagri<F  (U.  S.  P.). —  One-half  alcohol  Dose: 
2  cc.  =  jw  HI  (U.S.  P.). 

(B)  VERATRIN  GROUP. 

I.     MEMBERS,  ETC 

The  various  species  of  veratmiTi  contain  at  least  ten  closely  related 
alkaloids.  The  commercial  veratrin  is  a  mixture  of  alkaloids  ob- 
tained from  the  seeds  of  ccvadilla  (Asagr^ea  officinalis,  U.  S.  P.; 
Liliaccx:  synonym,  Schoenocaulon  officinale,  R.  P.).  Mexico  to  Ven- 
ezuela. Vcratrum  sabadilla  is  sometimes  substituted.  The  principal 
constituent  of  this  mixture,  and  the  bearer  of  its  physiologic  actions, 
is  cevadin.  CnH«NO».  It  al.so  contains  the  veratrin  of  Wright  and 
crttadiltin  ( the  physiological  action  of  these  has  not  been  investigated)  ; 
and  sabadin  and  .^nhadittin  (weak  actions). 

White  Hellebore  (Veratrum  Album,  Liliaccac)  contains  as  its  main 
active  alkaloid  protoveratrin,  CuHs.NOm;  this  differs  entirely  in  its 
actions  from  cevadin:  the  contractions  of  mu.scle  are  shortened,  the 
height  being  increased,  but  fatigue  occurring  more  readily.  It  seems 
to  have  a  special  action  on  nerve,  prolonging  the  negative  variation. 
It  is  very  toxic.  Veratrum  also  contains  jen-in  (weakly  active),  nibi- 
jcrvin  and  pseudojeriin  (inactive),  protoveratridin  and  probably  oth- 
CTR.  White  hellebore  is  not  used  in  medicine,  but  is  employed  mainly 
a«  an  insecticide  on   plants. 

Stody  Materia  Medica,  Lesson  26. 
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H     Green  Hellebore   (Vcratntm  Viridc)  contains  cevadin,  jervin,  pseu- 
Hdojcrvin,  rultijervin,  vcralrin,  and  veratralbi^^.     Its  actions  agree  essen- 

■  tially  with  those  of  ccvadin. 

■  Black    Hellebore,   Hclleborus    niger,   is   in   no   way   related   to  the 

■  atxive   veratntm    species.     Its  active  principle,    Hetlcborcin.  belongs  to 
I     the  Digitalis  group. 

[  Zygadenus  (Death  Camas),  Lihaccae,  a  poison  plant  of  Western 
stock-ranges,  owes  its  toxicity  lo  veratrin  bases,  closely  related  to  or 
identical  with  cevadin.  (It  contains  at  least  sabadin,  sabadinin  and 
verairalbin;  Slade,  1905). 

Nriie  fallowing  description  of  the  actions  of  V^eratrin 
er  ti:>  the  commercial  alkaloid.  ;.  i\,  to  cevadin.  These 
ions  agree  in  most  resj^cts  with  those  of  aconitin:  but 
atriu  shows  in  addition  a  peculiar  effect  on  stripeil  and 
cardiac  muscle,  prolonging  its  contraction  and  tonus. 


Mffcct    of    temfwraturr    on     VL-ratrin    curve;     iEa5tri>ctiemiu»,    (rog- 
IT.  DKTAILS  OF  ACTION. 


.%4 


I 


1.  Striped  Muscle.* —  When  an  animal,  and  especially  a    -*e 
frog,  has  been  poisoned  with  veratrin,  it  shows  very  strik-    — 

ing  peculiarities  in  its  movements.     It  can  contract  its  nuis - 

cles  with  ordinary  c|uickncss,  but  it  cannot  recover  its  for-  — ' 
mer  positic^n  for  some  little  time.     The  cause  of  this  can  ^"^ 
be    demonstrated    on    is»jlated    nmscle-nerve    preparations^^^ 
(Figs.  68  to  71).     It  will  be  seen  in  these  that  the  ascent:^ 
of  the  muscle  curve  is  as  abrupt   as  usual,  but   that  thc^ 
relaxation  is  enonnously  prolongeil.     The  muscle  remain^3=^ 
in  what  appears  to  be  complete  tetanus.     It  can  be  rcadil^ 
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shown,   however,  that  the  phenomenon  consists  in  a  sus- 
tained single  contraction. 


If  ihc  nerve  of  a  normal  musclc-ncrve  preparation  is  laid  on  the 
•v^ratrin  muscle,  a  single  shock  sent  into  the  laiicr  causes  a  single 
twitch  uf  the  normal  muscle,  and  not  a  tetanus  as  would  be  ihe  case 
^i  ihc  verairin  muscle  were  really  tetanizcd. 

The  muscle  is  able  to  sustain  a  considerable  weight  throughout  its 
^ro«lraclioti ;  the  prolongation  of  the  curve  is  ihereiore  not  due  to  a 
^■vicrc  loss  of  elasticity,  but  is  an  active  process.  This  is  also  shown 
%^y  the  fact  that  the  formation  of  heat  and  the  use  of  material  is  in- 
^vcased.    The    tension,  the   height   and   quickness  of  contractbn.   the 


F"lc.   69. —  Effect    of    fatigue    on    verntrin    curve: 
''t«r  partial  fatigue^   }i    natural  kixc. 


a.    normal    vrratrin    tracing; 


Fic.   70. —  btfrct  of   potAssium    l^).  on   vcratrin  curve   (o),  natural  aiic. 

^^i^tability,  the  lifting  and  sustaining  power  of  the  muscle  are  all 
n\^  by  vtrralrin.  so  ihat  we  must  look  upon  its  action  as  an  increase 
0' Inncttonal  activity.     It  also  lessens  the  effects  of  fatigue. 

*V  effect  of  verairin  is  enhanced  I>y  agencies  which  stimulate  the 
tnincir-     ,.m1.  -,^  moderate  heat  (Fig.  68). 

''  !icd  by  depression  of  the  muscle,  produced   by  cold  or 

**^'  t    (Fig.  68):  by  fatigue    (Fig.  69):  or  by  muscular  de- 

P»^*aula,  such   as  potassium    (Fig.  70)    or  ether. 

(If  |tw  vfratrin  action  is  weak,  cold  increases  the  contracture,  prob- 
'"'>   '  vr    its   own   contracture    to   that    of  the    veratrin.)     The 

^y  rin  is  exerted  directly  on  the  muscle-cells;  for  it  is  more 

*^'  electrodes   are   placed    directly   on    the    muscle,   and   it 

^  well    after    curare.     Large    doses    of    veratrin,    indeed, 

^it,'  '     *"***®^  ending*,    without    prcvi(»us   stimulation, 

•nc  application  of  verairin  to  a  nui?cle  causes  a  slowly  developing 
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contracture,  even  in  the  absence  of  extraneous  stimulation.  Large 
doses  paralyze  all   forms  of  muscle  completely. 

Whilst  the  muscular  action  of  veratrin  can  be  fitudied  to  best  advan- 
tage on  frogs,  it  occurs  equally  on  mammals.  In  the  latter,  the  con- 
traction is  not  quite  ^mtioih,  but  often  shows  two  to  four  elevations. 
This  is  due  to  variations  in  the  excitability  of  tlic  muscle-fiber  at  dif- 
ferent times.  The  muscles  of  frogs  poisoned  with  glycerin  respond  to 
single  stimuli  by  prolonged  contraction,  the  curve  having  a  superficial 
resembUnce  to  lliat  of  veratrin.  but  being  rather  more  irrcgnlar.  Tlie 
glycerin  contraction  is,  however,  a  true  tetanus,  due  to  greater  irritabilitA* 
of  ihc  muscle  substance:  the  action-current  of  each  contraction  suf- 
ficing to  start  another  contraction.  The  phenomenon  occurs  also  after 
curarization    (Santesson.   1903). 

Bottazzi*s  Explanation  of  the  Veratrtn-Phenomenon. —  The  pro- 
longed contracture  which  is  so  characteristic  of  veratrin.  is  by  no 
means  confined  to  this  alkaloid,  but  is  also  produced  by  Digitalin.  Hcl- 
leborcin,  Muscarin,  Strychnin,  etc.,  by  cold,  and  by  very  strong  electric 


Fm,    yi. —  Normal    veratrin    curves,    shtnvinK    primary    (a....)    and   secondary 
<fr- )  contractions.     Gastrocncniii  of  different  froBS,  air  temperature,  natural 


Stimulation.  This  xadc  occurrence  signifies  that  the  phenomenon  is  of 
fundamental  physinlogic  importance.  These  measures  also  prolong  the 
contraction  of  cardiac  and  smooth  mujclc. 

A  careful  inspection  of  veratrin-curvcs  gcnei^lly  reveals  two  con- 
tractions (Fig.  71):  a  primarj*  contraction  (a),  which  occur?  with  the 
normal  rapidity,  hut  is  somewhat  higher  than  normal,  and  which  tends 
to  relax  quickly;  and  a  .secondary  contraction  (b).  which  occurs  more 
slowly  and  lasts  longer.  The  two  cnniractions  are  more  or  less  fused. 
This  and  other  facts  have  suggested  to  Bottazzi  (iqoi)  the  following 
plausible  theory:  Musc!e  cells  contain  two  contractile  elements,  the 
fibrillary  substance  and  the  sarcoplasm.  The  former  predominates  in 
skeletal  muscle,  the  latter  in  smooth  muscle;  cardiac  muscle  occupying 
an  intermediary  position.  The  fibrillary  substance  is  by  far  the  more 
excitable.  >o  that  it  is  alone  stimulated  in  ordinary*  stimulation  of  skel- 
etal muscle.  Its  contraction  and  relaxation  are  both  quick,  prodticing 
the  normal  muscle  tracing,  and  the  part  (a)  of  the  veratrin  curve.  The 
sarcoplasm  can  only  be  excited  by  very  strong  stimuli,  or  when  it  has 
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Wn  rendered  abnormally  sensitive.  It  has  a  longer  latent  period. 
«id  its  contraction,  and  particularly  its  relaxation,  are  more  leisurely. 
\U  curve  resembles  that  of  >raoolli  muscle,  of  which  it  forms  the  main 
tlctncnt  Boita^zi  aMunic5  that  the  effect  of  vcratrin  and  the  allied 
dfugs  consists  mainly  in  increasing  the  excitability  of  this  sarcoplasm; 
an<l  slightly  that  of  the  fibrillary  substance;  the  main  part  of  the  vcra- 
trin curve,  the  secondary  contraction  (b),  rcprescntiny  the  contraction 
of  the  sarcoplasm.  The  effect  of  these  drugs  will  thcrtfore  be  pro- 
portional to  the  quantity  of  sarcoplasm :  They  act  strongest  on  smooth 
muiclc,  next  on  cardiac,  least  on  skeletal;  as  to  the  latter,  they  act 
re  strongly  on  red  muscles  than  on  pale,  on  toad  than  on  frog;  on 
7d-blooded  animals  than  on  mammals;  the  sarcoplasm  always  pre* 
'Acuminating  in  the  muscle  which  is  more  affected,  The  diversity  in 
l/ie*  form  of  the  vcratrin  curves  can  be  readily  explained  by  this  theory. 
Tft^  itiorc  the  excitability  of  the  sarcoplasm  is  increased,  the  more  the 
(nr<:>  eontractions  will  tend  to  fuse,  and  (b)  overtop  (a).  If  the  con- 
tractility of  llie  fibrillary  substance  is  raised,  as  by  heat,  the  two  curves 
becorw«  more  sharply  separated    (Fig.  68). 


2.  Cardiac  Muscle. —  The  action  is  very  similar  to  that  on 
skc^l^fal  muscle,  consisting  in  a  quickened  contraction  and 
pr«z*lcinged  relaxation.  The  frog's  heart  shows  the  same 
phei-»<:>mena  as  with  digitalis:  the  ventricle  is  slowed,  with 
systf->lic  tendency,  irregular  and  peristaltic  contractions. 
systi_»lit-  standstill.     The  auricle  is  much  less  affected. 

^^^  isolated  mammalian  heart  ( Hetlbom-Langendorff ) 
shows  a  primary  slowing  from  stimulation  of  the  peripheral 
^'^Kns  mechanism:  then  irregularity,  and  finally  paralysis 
^'  tile"  cartliac  muscle,  precisely  as  with  digitalis. 

^-  Circulation  in  Intact  Animals — The  effects  of  vera- 
*^n  have  the  closest  resemblance  to  those  of  aconite.  They 
*y^  rnainly  central.  Therapeutic  doses  slow  the  pulse  con- 
^idcrahly.  through  central  vagus  stimulation.  The  blood 
V'^'^sure  falls,  although  the  vasomotor  center  is  somewhat 
-  niulated.  I^irger  doses  paralyze  the  vagns  mechanism, 
*?  ^tat  the  heart  is  quickened:  but  the  pressure  does  not 
"*^  the  vas<jmotor  center  being  also  depressed.  Very  large 
'.'^^  <|uickcn  the  heart  even  after  atrnpin.  indicating  a 
*^^*^'t  stimulation  of  the  muscle.  The  other  central  effects 
^'*n  respiration,  etc)  agree  practically  with  aconitin  (Fig. 
ly'  In  rabbits  and  guinea-pig.s  it  cau.ses  a  peculiar  form 
';'    ^ nie<Uillary ? )    convulsions,    consisting    in    "bucking" 

*•  The  sensory  nerve  endings  also  show  the  aconitin  action. 
^m  e\'cn  more  strongly  than  with  the  latter  drug.  Sneez- 
"Rand  coughing  are  prominent  symptoms.     The  prickling 
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and  smarting  are  followed  by  ancthcsia,  Protoveratrin 
causes  the  anesthesia  \\ithont  the  preceding  irritation,  and 
thus  resembles  cncain. 

5.  Veratria  produces  vomiting  and  diarrhea,  for  the  most 
part  probably  rellexly  by  acting  on  the  sensory  nerve  end- 
ings.    It  may  also  corrode  the  gastric  mucosa.' 

III.  TOXICOLOGY. 

Poisoning  by  veratrin  is  not  common.  It  presents  the 
following  symptoms*  which  are  also  charactersitic  of  acon- 
itin :  Btirning  in  mouth,  spreading  to  stomach;  increased 
salivation,  vomiting,  diarrhea,  abdominal  pain:  anxiety, 
headache,  giddiness;  pupils  dilated;  pulse  slow  and  feeble; 
weakness,  twitchings  in  muscles.  Death  by  respirator>-  and 
circulatory  collapse.  Consciousness  preserved  till  the  end. 
Postmortem  not  characteristic. 


Flo,    7a. —  Veratrunt    virtdc 


rca^iiraiion.    rtbbit 

ms[>iratiun. 


Tn  non-fatal  doses,  the  symptoms  are  very  slow  in  disappearing,  and 
a  double  case  of  slow  poisoning  by  continued  small  do5es  is  nn  record: 
The  two  patients  became  very  weak  and  thin,  suffered  from  bloody 
diarrhea,  insomnia,  disturbance  of  the  inteltect.  ^nd  delirium. 


I 

I 


The  treatment  is  the  same  as  in  aconite-poisoning  (  see 
p.  3-21).  As  the  veratrin  is  rapidly  excreted  through  the 
urine,  it  is  well  to  administer  hot  tea  as  a  diuretic. 


Tt  has  been  used  after  the  manner  of  aconite,  to  secure 
the  reduction  of  temperature  by  artificial  collapse.     It  has 
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no  advantages.  Its  local  irritant  and  anesthetic  properties 
have  caused  it  to  be  used  in  neuralgia,  etc.  The  oleate  is 
best  adapted  to  this  jjurpose. 

V.  MATERIA   MEDICA. 

Veratrum  (U.  S.  P.). —  Rhizome  and  roots  of  rcratrum  viride 
(American  Hellebore)  or  Veratrum  Album  (White  Hellebore),  Lil- 
iaccar.     North  America. 

Fluidfxtractum    I'cratri   (U.  S.  P.). —  Alcohol.     Dose:  0.1   c.  c.  =  lf4 

tn  (U.S. p.). 

Tinetura  Veratri  (U.  S.  P.).—  to%  {formerly  40% !) :  alcohol. 
Dose:  0.5  to  2  c.  c.  (7  to  30  m,)   (i  c.c=t5  ui,  U.S. P.). 

Veratrina  (U.S.  P.,  B.  P.)— A  mixture  of  the  alkaloids  (usually 
obtained  from  plants  other  than  veratrum,  especially  Asagrxa  offi- 
cinalis, U.S.  P.).  Soluble  in  1750  water,  2.2  alcohol.  Dose:  2  mg. 
^=V»  gr.    (U.  S.  P.)-  The  inltrna]  administration  is  not  advisable. 

Oieatum   \  'eratrina   ( U.  S.  P. ) .—  a%. 

I'ngucntum   Kcra/nW    (U.  S.  P.).— 4%. 

Vnguentum    Vcratrince    (B.  P.).— 2%. 


I 


(C)  COLCHICIN. 

This   and    another    very   similar    alkaloid,    colchicein,    constitute   the 

active  principle?  of  colchicimi.     The  drug  has  some  theoretic   interest; 

^rid  a  toxicologic   importance  in   the  countries   where  it   is  indigenous. 

^t    is  now  rarely  used  in  therapeutics. 

CTolchicin  differs  in  certain  characters  from  ordinary  alkaloids,  but  its 

institution  is  almost  unknown. 

Jts  action  on  mammals  does  not  appear  for  a  considerable 

'Tr»e,  even  after  intravenous  injection,  and  it  has  almost  no 

^'^^'on  on  frogs.     The  reason  for  this  is,  that  it  is  not  the 

^.'^■^hicin  itself  which  produces  the  symptoms,  but  an  oxida- 

.^^'^     product  —  oxy-di-colchicin  —  which    is    formed    from 

u     ^^    ^^^   mammalian   organisin. —  even   by   circulating   it 

"^^ongh  excised  organs, —  but  does  not  seem  to  be  capable 

^*^    formation  in  the  frog's.     Once  formed,  whether  in  the 

at>c:>ve  manner  or  artificially  by  the  action  of  ozone,   it  is 

^^^ic  to  frogs  also.' 

.     *^be  actions  on  the  sensory  endings  and  on  the  heart  are 

''^'Viiiar  to  those  of  aconite  and  veratrin ;  the  action  on  the 

f^»i/rfl/  ncrt'ous  system  is  almost  purely  depressant.     This 

^i  "^n  part  secondary  to  the  effect  upi>n  the  ah{fomi)ial  organs. 

^•"»lchicum  causes  extremely  violent  and  ijuite  uticontrolla- 

"'^  Vomiting  and  diarrhea   (Exercise  4^^)- 

Postmortem,  the  mucosa  of  the  intestine,  especially  the 
^^^^e,  is  intensely  congested  and  often  ecrhymotic.     Jacobj 
^  ^S^^o)  ascnl>es  the  intestinal  effects  to  an  increased  irrita- 
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bility  of  the  intestinal  tract,  so  that  the  normal  impulses, 
which  ordinarily  keep  up  a  moderate  peristalsis,  now  pro- 
duce  an   extremely    violent   one.     Other    pharmacologist*, 
however,  assume  a  direct  irritation. 


TOXICOLOGY. 

The  symptoma  of  colchicum-poisoning  do  not  appear     'Icor 
some  time.     Once  they  sci  in,  they  canni^t  Iw?  controll^^i; 
colchicum  is  therefore  one  of  the  most   fatal  of  poiscr> -wns. 
The  symptoms  refer  primarily  to  the  digestive  tract:  bu«— fl- 
ing pains  in  abdomen,  extremely  violent  vomiting  and  di^ar- 
rhea.  stools  often  bloody.     For  the  rest,  they  are  those     of 
collapse,  consciousness  not  being  affected.     Death  occtars 
by  failure  of  respiration.     The  postmortem  appearances  ^n; 
not  characteristic.     There  may.  as  has  been  said,  be  appear- 
ances of  injury  to  the  intestines  from  the  strong  peristals^. 

The  treatment  of  p<iisoning,  besides  the  usual  alkaloid^ 
antidotes,  must  be  symptomatic 


THERAPEUTICS. 

Tt  will  be  seen  that  the  pharmacologic  actions  of  colcH^" 
cum  furnish  no  guide  to  its  rational  therapeutic  applicali'""*^* 
It  has  been  widely  used  on  empirical  grounds  against  gi^'^ 
and  rheumatism.     There  is  but  little  evidence  of  any  sujf^* 
riority  over  aconite  or  purgatives,  and  its  uncertain  toxicitry 
renders  it  so  dangerous  that  its  use  should  I>e  unhesitating'iy 
condemned.      (However,  authorities  disagree  very  much  O** 
this  point,) 

MATERIA  MEDICA. 

Cotchici  Cormua  (U.  S.  P^  B.  P.) —The  corm  of  Coichicum  fl»»'"*gS-'l 
naU  (McaHow  Saffron),  Liliaccx.  Europe.  Colchicin  (ai  loaM  ^^^^^^^ 
V.  S.  P.);  starch,  gum.  resin,  fat,  etc.  The  colchicin  is  contained  * 
all  parts  of  the  plant. 
preparations: 

Extractum  Colchict  Cormi  (U.  S.  P.).— Made  with  acetic  acid;  C^* 
ular;   1.4%  colchicin.     Dose:  0.065   Gm.  ^1   gr.,  U.  S.  P. 

Extract  Colch,    (B.  P.). —  Made    from   the   fresh  corm.    Dos, 
the  preceding. 

I'xnum  Cotchici  (B.  P.).— 20%.    Dose:  0.3  to  2  c.c.  (5  to  30  f^'  - 

Colchici  Semen  {V.  S.  P..  B.  P.).— At  least  0.55^  colchicin,  U.S- 
Prcparations:  *_.*J! 

Fluidextractum    Colchici   Seminis    (U.  S.  P.).— Two-thirds  »kci-»»<»'* 
0.5%  colchicin.    Dose:  02  c.c  =3   TTi    (U.S.  P.).  ,       -_^j' 

Tinctura  Cotch.  Sent.    (U.  S.  P.)  — 10%    [B  P..   »%!;   H  ilc«**"' 
0.05%  colchicin.    Dos^:  2  c.c.  =30  Wl  (U.S.  P.)- 
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I'in.   Colch.  Sem.   (U.  S.  P.).— 10%.     Dose:  As  the   preceding. 
Colchicine   CL^  S.  P.).— CaH«NO,.    Sol.  22  water,  very  sol.  in  ale 
Dos£    0.5  rag.  =  Vi»  gr.   (U.S.  P.). 

Study  Materii  Mcdica,  Lesson  26. 


CHAPTER  XVI. 

QUININ  GROUP. 

This  group  contains  certain  of  the  cinchona  alkaloids, 

especially   quiniti.     Tlie   others,   amongst  which  cinchonin 

and  cinchoniilin  are  the  most  important,  are  rather  more 

conviilsant;    but    they    have    not    so    far    been    sufficiently 

studied. 

The  group  diflFers   from   those  preceding  in   having   a   very   marked 

toxic  action   ufon  unst^ctializcd  protof>lasm.  an   action   which   exists  to 

Some  extent    in   prohably   most  of  the  alkaloids,   but   is   generally  ob- 

*Ctfr«l  by  their  selective  action  on  muscle  and  nerve.     Tlie  phenomena 

^'hich  arc  noted   with  quinin   are   those  of  slowly   dying  tissues   gen- 

fraIJ>:  an  increased   functional  activity,    followed   by  a   diminution   nr 

^ssation  of    function.     On   the   whole,   the   paralyzing  action    is    with 

9J'»nin    the   most   conspicuous    and   the    most    important.     Large   doses 

^y  produce   paralysis  directly,   without   preceding   stimulation. 

I.  SUMMARY   OF   ACTIONS. 

J     ■*"-     ^  toxic  action  upon  all  protoplasm,  and  an  inhibition 
'  ^  ^^«~ment  action. 
^-      -^  specitic  toxicity  to  the  malaria  organisms. 
?-     -^  diminution   of  heat-production  in  fever  by  direct 

'^'^    on  the  heat-producing  foci. 
^'      -^  depressing  actitjn  on  tlie  central  nervous  system, 
■^<led  by  an  obscure  stimulation. 

IT.  DETAILS  OF  ACTIONS. 

•    Q^neral  Toxicity —  The  toxic  action  on  protoplasm  may 

W  s^^,^  ^^^n  lower  organisms  and  isolated  cells  uf  nil  kinds. 

.  ^5^ts  most   strongly  on   cells  possessed  of  amchaid  and 

jimif^^  JfJfy>■^'^■.fJl^*flf  •  o^  infusoria,  white  blond-cells,  ciliated 

^^^^^^lium,  spermatozoa,  insectivorous  plants,  muscle,  etc. 

.J  'ntution  of  0.5  to  r  in  lOOO  is  sufficient  to  inhibit  the  movements 
'^  ''""fOfy''"^  ^n  the  warmed  slide,  and  a  somewhat  larger  dnse  causes 
^^^  disintegration.     It   acts   in  this  mr.nncr  also  in  the  intact  organ- 
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ism  of  the  frog  (Fig.  73).  When  the  mesentery  of  this  animal  is  ex- 
posed, leucocytes  in  active  motion  are  seen  msidc  and  outside  of  the 
vessel  (.Fig.  73,  a).  If  qtiinin  is  now  applied,  the  movement  oi  the 
cells  outside  of  the  blood  will  l>e  arrested,  whilst  those  in  the  blood 
sircam  still  cmigraic.  The  result  is  an  accumulation  of  cells  about  the 
vessel  wall  (Fig.  73  6).  If  the  quinin  is  injected  into  the  vessel,  the 
reverse  takes  place.  The  nio\eniem  of  the  ccll.^  in  the  blood  is  arrested, 
preventing  emigration,  whilst  those  outside  do  not  come  into  contact 
with  the  poison,  continue  to  move  away,  and  leave  a  clear  zone  abciut 
the  vessel    (r).    This  action  does  not  occur  in   mammals,   since  the 


Fio.  73. — Diagram  to  illii»tratc  the  action  of  quinin  on  tcucocytM,  mo4iW 
from  Binz  ("  Das  Wcscn  dcr  ClbtninwirkunR,"  Dcrlin.  1868).  The  ihidi  Hn<j» 
re|iresent  the  walls  of  ihc  blood  vessel,  and  numerous  leucocylM  are  ghowo  bM 
inside  of  it  and  ouuidc,  distributed  tbrough  the  adjoining  iiitstm.  a  frftreacBtl 
the  veft.vl  l^efore,  and  b  after,  the  locat  application  of  quinin.  c  TCttreseilb  I" 
ctTcct   of  quinin  injected  into  the  circulation  or  lymphsac. 


necessary    do.sc    would    kill    the    animal.     It    is    staled,    however,  ttat 
quinin  diminishes  the  number  of  leucocytes  in  the  blood.    Tlicsc,  and 
most  of  the  other  actions  of  quinin,  arc  shared  by  other  alkateids  «^ 
bitter  principles,  but  in  much   less  degree. 

3.  A    much    weaker,   btit    none    the    less   certain,   action   i*   seen 
yeast  and  bacteria.    The  solution  must  contain  2  to  8  in  icoo. 

3.  Striped    Muicle. —  The  strength   of  the    individual   conlracti^] 
may  be  increased  as  miich  as   six  times  by  moderate   doses,  bui 


74. — Quinin    on    muscular    o^nt  fact  ion. 


muscle  is  much  more  quickly   fatigued,   so  that  the  total  work  i*   "^ ^ 
than  in  the  unpoisoned  muscle.     As  the  same  phenomenon  is  ob-^ 
in  curarizcd  muscle,  it  must  depend  upon  a  direct  acticm  on  the  nuu 
fibers.     Somewhat  stronger  doses  lower  the  contraction   from  the  n»« 
(Fig.   74).     Strong   solutions    produce   a    rigor   after    the    manner 
caffein'    ( Santcsson,   1802). 

4.  The  cardiac  muacle  in  the  frog  is  slowed  by  1  :  so^ooo  snU 
and    weakened    in    its    contraction;    its   cflFectivene^s    is    coniequftni 
diminished.     The  slowing  occurs  after  airopin,   and  is  therefore  mi 
cular.     A   I  :  5000  solution  kills   the  heart  in  a  few   minutes. 

*  Exercise  45- 
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immalian    Circulation. —  In   mammals   and    man   small   doses 

irsl  a  quukt'nt-d  pulse  wiiU  rise  of  blood  pressure. 

cause  of  ihc  (ornicr  is  slill  uiirlcr  dispute,  but  is  perhaps  central. 

Tl>c   ri^e  of  pressure  depends  mainly 'upon  a  fusoconstrtcitan,  but  the 

cause  of  this  is  also  still   undetermined.     It  may  possibly  be  due  to  a 

direct  stimulation  of  the  unstnpcd  muscles  of  ilic  blood-vessels. 

L^r^cr  doses    (in  man,  from   i   Gm.   upward)   cause  a   fall  uf  blood 
prc5suTc  and  slowing  and  weakening  of  the  heart  from  the  outset. 

The  fall  is  due  in  part  to  vasodilatation.     The  slowing  and  weaken- 
ing of  the  heart  arc  analogous  to  those  observed  in  the  frog.    It  is  seen 
in   the  i'xcised  organ    (Langendorff  method).     In   this  it  often  causes 
iiTcgiibrity.  hut  may  regulate  the  heart  if  it  is  already  irregular. 
6.  Smooth  Muscle.— This  shows  no  marked  reaction  to  quinin. 
But  this  is  not  saying  that  qumin  does  not  act  upon  it.  for  a  slight 
■ciion  on  sm<X)lh  muscle  i*  not  easily  acci'sstblc  to  obscnvtion.     It   is 
certainly  not  very  strong;  the  most  likely  example  would  be  its  action 
on  the   aricnolcii.     Contractions  of  the   spleen,  uterus,  and  intestines, 
which    ma>    sometimes   be    seen,   have    been    referred    to    such   a    direct 
action  on   smooth  muscle,  but   this   explanation  is  no!   very   probable, 
siiKc  these  phenomena  are  observed  in  only  a  very  small  percentage 
ol  ca.»ie!»;  and  as   these  contractions   are   never   followed   by  paralysis 
tlin  would  be  opiwsed  lo  all  the  other  actions  of  the  drug.     No  ex- 
planation can  be  given. 

7.  Another  manifestation  of  the  toxic  action  of  quinin 
M  /n  the  local  irritation  which  it  produces  at  tlic  place  wlierc 
h  i^  .ipp]ie<l.  When  given  hyp<xlennically  it  gives  rise  to 
Severe  pain,  and  may  lead  to  abscess  fonnation.  When 
gjVcn  by  the  stomach  it  causes  in  large  doses  gastralgia, 
iwwjpi'o,  vomiting,  and  tharrhea.  It  also  retards  the  absorp- 
h'o9t  of  salts,  and  prcibahly  of  food.  Its  e.\crelion  through 
the  kidneys  may  give  rise,  witli  large  tloses,  to  albunuHuria 
mui  hemoglobinuria.^  And  it  seems  n<it  unlikely  that  a 
skiwt  eruption  which  is  sometimes  obser\'ed.  results  from 
the    irritant  effects  of  its  excretion  tlirougli  this  channel. 

®-    The  action   of  nnfornied   ferments   is   retarded   by   it. 

Evi<ieiH;es  Qf  iiiis  anti  ferment  action  may  l)e  seen  in  many 

directions.     The  most   important  are:    Diminution  of  the 

oxygenating  po7i*er  of  blood  and   of  protitplasm;   slowed 

^''dittcniion   of  slied   bhwxl;   lessening  of  the   amount   of 

'  M'Vitric  acid  formed  when  benzoic  acid  is  circulated  through 

il^<^  txciserl   kidney.     The  various  digestive   ferments  are 

hitvicfcl.  but  not  to  the  same  degree.     It  also  lessens  the 

Igb'*^"K«»etic   function  of  the  liver;  /.  c,  the  jxjstmorlem 
iraiKfonnation    of   the   glvcogen    into   sugar    (Hoffmann, 
I  EffcctJ  upon  Digestion — These  can  easily  be  deduced 
fifOtn  the  alj<»\e  data:    It  hinders  the  action  of  the  ferments 
'rkv  brmottoMnuria  of   malaria  is  often  aiiributaMc   to  (he  quintn   used  in 
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and  absorption  of  the  digested  products.     A  favorable  ac- 
tion which  it  might  be  supposed  to  possess  as  a  bitter  is 
largely  connierbiilaiiced   by  the  unfavorable  actions  men- 
tioned; consequently  the  utilization  of  food  tends  to  be  les- - 
sened  wlien  even  small  doses  are  used  continuously,  ■ 

10.  Effects  upon  Metabolism —  An  influence  upon  tliis  be- 
longs to  the  earliest  actions,  and  may  be  obtained  even  with 
doses  too  small  to  show  any  other  effect. 

From  its  toxic  action  on  protoplasm  one  would  expect  to 
find  first  an  increase  and  then  a  lasting  diminution  of  meta- 
bolism, corresponding  to  the  increase  and  diminution  in 
functional  activity. 

This  is  indeed  what  is  seen  in  regard  to  the  excretion  of 
nitrogen.     There   is   first   a   slight   increase,   then  a  very 
marked  diminution,  which  may  reach  as  much  as  39%  with 
large  doses.     The  ratio  of  urea  to  nitrogen  is  not  altered, 
by  moderate  doses  (Prior,  1884). 

One  would  Iw  tempted  to  ascribe  this  diminution  of  nitrogen  to  tkn 
diminished    utilization    of    food.     Although    this    undoubtedly   plays 
part   in  it.  the   dimtni^ihed   excretion  h  out  of  all  proportion,  w  i^ 
\he  nitrogen  conicnt  of  ihc  body  increases.     Large  doses  of  cincboc 
din  have  a  similar  action. 

This  marked  influence  upon  nitrogen  metabolism  is  - 
conspicuous  contrast  to  its  want  of  influence  upon  aruf* 
tion.     The  quantity  of  O  absorbed  and  COj  given  off 
practically  unaffected  by  medicinal  doses  (up  to  1.5  Gm. 
There  is  a  slight  increase,  but  not  more  than  can  be  a- 
counted  for  by  the  excitement,  chilliness,  etc.     The  abno 
mally  high  gaseous  metal)olism  of  fever  is  reduced  to  nc» 
mal  by  quinin ;  but  this  is  probably  the  result  of  the  anti- 
pyretic effect  ( Strassburg.  1874). 


These  effects  upon  metabolism  are  of  great  importance  in  "cpls'*"''^^^ 
the  cffecl<i  upon   temperature,  as   will  be  seen.     Bm  before  talcing    «^^^ 
this  subject,  it  is  necessary  to  study  the  effects  upon  the  central  ntrvo 
system. 

11.  The  effects  upon  the  central  nervous  system  consist 
a  rather  sloic  general  paralysis,  probably  prece<led  by  stimi 
lation ;  the  latter  is  rather  difficult  to  make  out  in  mammal 


Tn   frogs  there  is  first  an   increased   reflex   irritability.    This  h 
lowed  by  loss  of  spontaneous  movement,  then  paralysis  of  rcspirtlw 
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and  lastly  of  the  cord,  the  phenomena  bearing  a  general   resemblance 
to  those   of  the  action  of  mnrphin   (sec  p.   182). 

The  stage  of  stimulation  is  said  lu  be  more  marked  with  cinchonin 
and  cinchonidin.  since  these  produce  convulsions.'  These  arc  epilepti- 
form  in  character,  but   their  scat  has  not  yet  been  definitely  located. 

Probably  Ihcy  arc  not  confined   to  any  one  center.    In  other  respects 

these  alkaloids  agree  qualitatively  with  quinin. 
The  depressing  effects  upon  the  hemispheres  arc  much  less   marked 

in  mammaU,  but   a  diminished  appreciation  of  pain  can  be   distinctly 

made  out.  and  upon  it  rests  the  employment  of  quinin  against  neuralgic 

and  rheumatic  pains. 

One  of  the  most  constant  early  symptoms  of  larger  doses 

of  quinin  is  headache,  ringing^  in  the  ears,  and  disturbed 

vision,  a  complex  of  symptoms  grouped  together  under  the 

name  of  cinchonism.     These  are  not  due  to  any  action  on 

the  central  nervous  system,  but  to  local  changes, 

' 'le  auditory  and  visual  phenomena  have  generally  been  referred  to 

/ckoal   circulatory  changes:    The  retina  is  said  to  be  anemic,  whilst  the 

'riternal  car  is  congested,  postmortem    (Kirchncr).     Wittmaak    (1903) 

"*«»ins  that    this   congestion   is   not  due   to   quinin,   but   to   death,   and 

^^■nts  out   that  changes  of  blood   pressure  do   not   produce   deafness. 

'^     the  other  hand,  he  demonstrates  changes  in  the  cells  of  the  spiral 

g     "J^Elion,  bv  the  Nissl  stain.     He  is  therefore  inclined  to  attribute  the 

^^*5^"5*^'7  effect  to  a  specific  toxicuy  of  quinin  to  these  cells.    The  same 

5",*J^'«^  is  assigned  by  Altland,  1904,  to  the  visual  changes,  the  retinal 

^  being  aHered.     Cinchonism  is  very  subject  to  idiosyncrasy,  being 

'^^^'^    more  easily  produced  in  some  individuals. 


^^/ith  Still  larger  doses,  there  are  phoiof^hobia,  deafness, 
**'^^  blitulfwss,  at  first  partial,  later  complete.  These  are 
P'^^^l^ably  partly  central.  There  are  difficulty  of  speech,  con- 
/f«^y/^^„  ^f  ideas,  somnolence.  Then  loss  of  consciousness, 
^^^^fnzimg  with  delirium,  coma,  and  at  times  convulsions. 


or 
alka- 


I 


j,^  "*  *^      lias  been  doubted  whether  the  latter  are  really  due  to  quinin 
i^_     *W<   accidental   presence  of  some  of   the  convulsant  cinchona  al 

j^  ^^*^»icra1  paresis  may  appear,  preceded  by  general  depression  and 
I  **^<:"«ilar  weakness.  The  final  symptoms  arc  those  of  coHapsr.  due 
SC^rncral  paralysis  of  the  central  nervous  system,  and  in  part  also 
^l^e  heart.  The  respiratory  center  shows  a  short  primary  stitnula- 
*  with  following  more  marked  paralysis.  The  latter  is  the  usual 
'^^'**-   of  death.     But   since   the   medullary   centers   arc   not   markedly 


or 

ti 


»fr. 


Tlie 


J      *^*c-^cd   until    very   late,   quite   large    dosc<i   are   often    survived. 
j^'**^     dose  is  usually  given  as  8  Gm.,  but  30  Gm.  have  been  recovered 


*^      "is  doubtful,  however,  how  much  of  this  really  entered  the  circula- 
sir*ce  the   sulphate  is  very  insoluble,  so  that  a  large  amount  may 


Viavc  been  absorbed. 


ti»^1     *     Tile   MDiplcs    (Schochardt*«)    examined    by    the    author    had.    however,    very 
^^        wnvulsant   ■ction:   the  cinchonin   had   more  than   ihc  cinchoni^Iin. 
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The  peripheral  nerves  are  not  markedly  affected,  except  the  pauM 
be  applitrd  directly,  when  it  wilt  kill  thcui  just  as  other  protopUMn. 

12.  EffccU  on  Temperature. —  When  the  temperature  it 
normal,  small  doses  of  qiiinin  cause  a  slight  rise.  In  som^ 
what  larger  doses,  but  not  sufficient  to  cause  a  marked  col- 
lapse, it  gives  an  insignificant  fall.  In  doses  which  pro- 
duce collapse  it  causes,  of  course,  a  marked  fall  of  tempera- 
ture through  this  condition  —  i.  r..  by  lowering  the  ciraila- 
tion  and  the  respiratory  exchange. 

In  hyperpyrexia  the  temperature  is  markedly  lotveretl  c\c 
by  moderate  doses.  This  antipyretic  action  is  not  as  pre 
noiniced  as  with  the  antipyrin  and  salicylic  acid  groups. 

The  cause  of  this  redttetion  of  febrile  temperature  apijear- 
to  be  quite  complicatefl.  but  it  consists  mainly  in  a  dimitr* 
ished  heat  produetion  through  a  direct  aetion  ou  the  fieaf^ 
producing  foci.  It  could  conceivably  result  from  one  o-- 
more  of  the  following: 


Diminished    Heat    Production: 
Direct  action  on   heat-producing   foci. 


Increased  Heat  Lew 


Direct   action    on    vasodilate 
mechanism  of  skin. 


Indi  rect   action   on    heat 
regulating  centers. 


production   and   dissipation    through    themw 


General  collapse  action. 


Calorimetric  experiments  show  that  the  heat  product! 
is  considerably  diminished,  whilst  the  heat  loss  is  not  great 
increased-     Consequently  quinin  acts  mainly  upon  heat  fr^ 
duction. 

Quinin  produces  a  slight  dilatation  of  the  cutaneous  vessels,  whic 
since  the  general  blood  pressure  is  not  diminished  by  ordinary  dosi 
increases  the  heat  loss.  But  since  this  occurs  also  with  normal  anims 
who.'Jc  temp%rature  is  not  markedly  affected  by  quinin,  it  cannot  pi- 
a  very  important  role. 

Quinin  lowers  the  temperature  in  animals  in  which  l^» 
spinal  cord  has  been  divided.     Consequently,  its  action  * 
mainly  peripheral,  although  any  collapse  which  it  may  pn 
diice  would  also  express  itself  in  a  fall  of  temperattire. 

The  evidence  so  far.  then,  indicates  that  the  actiott  \s 
local  one  upon  the  heat-producing  foci;  and  this  is  imleed 
what  one  would  have  expectetl  a  priori. 
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The  most  important  scat  of  heat  production  is  in  the  muscles;  next, 
in  Uie  glands.     We  have  already  seen  that  quinin  at  first  increases  and 

t^cn  diminishes  muscular  work,  and  it  is  not  unreasonable  to  suppose 
that  it  would  have  the  same  effect  upon  the  production  of  hcai  in  these 
organs.  And  it  will  be  remembered  that  the  heat  productioti  of  the 
body  i<y,  in  accordance  with  ihi^  explanation,  at  first  iin:rea?>cfl,  then 
d^""ni>hed  by  it,  There  is  less  direct  evidence  in  regard  to  its  action 
o*^  sUiids*  and  other  body-cells;  but  when  the  general  depressing  effect 
upon  all  cells  is  remembered,  and,  further,  its  uiterfercnce  with  fer- 
trtctii  action?*,  inside  and  outside  of  the  cell-body  —  actions  wliich  play 
9,0  large  a  pan  in  meiab<»lic  processes  —  it  seems  very  reasonable  that 
tH^  general  nietabolidm.  and  in  consequence  the  production  of  heat, 
jttriuM  be  lessened  by  it  in  cells  other  than  those  of  the  muscle. 

Ve  find  a  direct  evidence  oi  it>  effects  npKm  metabolism  in  the  ex- 
cric-tiyn  of  nitrogen,  since  this  is   al    first   slightly   increased,  but   later 
tar^y  diminished,     But   here  a  difficulty   arises.     We   have   been   ac- 
eu^fomed  to  Iimk   upon  the  excretion  of   Cd  as  an   mdex  of  chcmic 
ehangv^  reuniting  in  the  liberation  of  euergj-  and  consequently  of  heat; 
*ncf    the  excretion   of   CO;   is   not   affected   by   f^uinin.     But    since   the 
calorimeter  shows  conclusively  that   the   production   of  heat   is  dimin- 
ished   by  It  in  fever,  this  interesting  fact  merely  forces  us  to  the  con- 
du5ion  that  oxidation  is  not  the  only  source  of  heat;   that   heal  may 
also    l#«;  liberated   by  other  changes  —  by  the   splitting  or  hydration  of 
■■■R>S«nous  nioleculcs,  in  the  course  of  which  the  nitrogen  is  converted 
^^B    tirra:   and   that   these   changes   are   those   which   are   hindered   by 
WPfi»itl.      If  it   be  supposed  that  this  form   of  heat   production  is  espe- 
cially    prumment   in   lever. —  and   this   seems   quite  probable. —  the   fact 
that   quinin  acts  on   febrile,  and   not   on   normal,   temperature   is   also 
explained. 

13.  Action  on  tfalaria. —  The  specific  action  of  quinin  in 
this  cli,sca^c  is  dite  tn  its  toxic  effects  upon  the  protameba 
causing  the  disorder. 

^*  organism  is  especially  susceptible  to  it.  On  a  slide  a  i  :  10,000 
ioluOon  immediately  arrests  the  movements  of  the  parasite,  and  similar 
phenor^Kjna  occur  in  the  body.  About  three  hours  after  the  adminis- 
trawin  of  quinin  by  the  mouth,  the  endoglobular  forms  of  tertian 
^_  *lUanan  fever  become  immobile,  granular,  lose  their  nucleoli  and 
tnf.t  .\t^r..>y  ^f^j.  tcrlain  stains.  Several  hours  later  they  may  be  seen 
■*•  1.1   fragmented    ( Lo  Monaco  and  Panichi.    1809) 

./  iinchotui  nikiilnids  have  a  similar,  but  much  weaker,  action 

on  it*    protozoa. 

^\^^  quinin  does  not  act  equally  on  the  parasite  in  all  the 
stages  ff)f  its  dcvelftpment.  Its  strongest  action  is  upon  the 
fonns  which  are  just  breaking  into  spores  (Fig.  75.  10), 
and  upon  the  free-swininiing  organisms  (11):  it  is  much 
wtaker  upon  tlie  older  segmenting  bodies  (7  to  9).  and 
Icftsiupnn  the  young  endoglobular  forms  (i  to  6). 

Since  the  latter  exist  in  the  bUtod  just  before  the  parox- 
V5m.  and  their  sporulation  gives  rise  to  the  characteristic 
chill  and  fever,  and  since  quinin  does  not  act  upon  them, 

t~-22  t 
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it  will  not  be  effectual  against  the  oncoming  paroxysm. 
But  if  it  is  given  at  this  time  it  will  be  present  in  the  t^ood 
when  the  spores  are  liberatetl.  and  as  these  are  most  suscep- 
tible to  its  action,  it  will  kill  them  and  thus  prevent  the  de- 
velopment of  the  new  cycle  (providing  that  the  dose  has 
been  sufficiently  large).  It  should  therefore  be  given  sev- 
eral hours  before  the  expected  paroxysm  so  as  to  allow  time 
for  its  absorption.  The  dose  should  then  be  quite  large: 
I  to  2  Gm.  given  two  to  three  hours  before  the  expected 
attack  (  which  will  in  all  probability  occur),  or  0.3  Gm,  four 
to  five  times  a  day  in  the  interval;  0.5  Gm.  per  day  should, 
be  continued  for  several  days  after  the  last  chill.     It  als( 


I 


O®® 


O0Gf 

Fic,  ?5. — Some  of  the   principal   (orms  a&sumcd  by  the  plsMnodium  of  itrl^fc^ 
fCTCT  in  ibe  cour»€  of  iis  cycle  of  development  (after  Thayer  and   llewetfcon). 

seems  to  act  as  a  prophylactic.     It  must  be  taken  coiitin"*—' 

ously  for  this  purpose,  since  it  is  quite  rapidly  excreted 

0.1  to  0.2  Gm.  every  morning. 

in,  OTHER  THERAPEUTIC  USES  OF  QCININ 

1.  Fevers. —  The  antipyretic  effect  of  quinin  may  be  us^^^ 
in  any  fever,  c.  g.,  typhoii]  ;  but  the  coal-tar  antipyretics  ha"*'^ 
largely  forced  quinin  out  of  this  field.  It  possesses  an  ad- 
vantage over  these  in  a  more  prolonged  action  and  in  Ic^ 
risk  of  collapse ;  but  it  iloes  not  take  effect  as  rapidly,  and 
the  large  dose  required  —  0.3  to  i  Gm. —  produce  the  3ti-j 
noying  cinchonism.  This  can  be  greatly  lessened  by  giving 
it  with  a  hromid.  Another  unpleasant  side-action  seen  in 
few*  individuals  consists  in  a  scarlatinal  dermatitis  or  ur\ 
carta.  It  is  said  that  this  is  abolishe<l  by  atropin.  Like 
other  antipyretics,  it  is  most  efficient  when  the  tempcrati 
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1^^     2  natural  tendency  to  fall.     It  takes  about  two  hours  to 
krt.       ^"*-^  should,  therefore,  be  given  ab<"nit  that  time  before 
:xi)ecte<.l  fall  of  temperature. 


It       >ia5  been  suggested  that  its  efficiency  in   fever  is  due  to  an  anii- 
iti^     action    on   the   blaod.     This   is   noi   the  case,   since  bacteria  arc 
»-«ii»tant  to  it.  and  would  not  be  affected  by  it  in  the  concentra- 
S-ry  which  ii  could  exiM  in  the  blood. 

^»plcnic  Enlargcmenl. — With  the  spleen  of  malaria  its  effect  is,  of 
OxiT^c  larmly  indirect;  but  good  results  have  been  claimed  for  it 
n  oihi«r  cases.  If  thi^  be  trtte,  they  could  perhaps  be  connected  with 
ti&    acrt^ion  in  diminishing  ihc  num1>er  of  leucocytes. 

3*  I^«uralgias  And  headaches  arc  sometimes  benefited  by  its  u^e. 
Tb«  cT^uf^e  of  ihi^  action  is  still  obscure.  It  may  be  due  to  its  general 
snitlRo-^iK  action.  Another  theory  which  has  l)ecn  >uggcsted  i&,  that 
ihcse^  ¥3curalgias  etc.,  arc  due  to  ihe  preirncc  of  nitrogenous  wastc- 
producYs,  and  that  quinin  acta  by  limiting  the  formation  of  these. 

^-  Coldi  are  frequently  treated  by  it.  in  doses  of  from 
ao6  to  0.2  Gm.  (  i  to  3  grs.).  When  it  has  any  effect  at 
alU  this  must  depend  upon  its  anodyne  and  antipyretic  ac- 
tions. 

*•  -Aj  a  bitter  substance  it  may  act  as  a  stomachic  and 
Conse<:|uenlIy  as  a  tonic:  but  it  is  rather  inferior  to  other 
bitter?^,  since  its  continued  use  leads  to  an  impairment  of 
digest  ion  and  of  absorption. 
^-  I-ocally,  the  sulphate  has  been  used  as  dusting  powder 

rt\  «lcer^.  as  antiseptic,  styptic  and  stimulant. 


IV.  METHODS  OF  ADMINISTRATION. 

*^e  administration  presents  some  little  difficulty,  since  on 

ine  rmc  hand  certain  of  its  salts  are  very  little  suluble.  and 

"*«  '''thers  have  a  very  bitter  taste. 

'"lo//  dosvji  of  quinin  sulphate  or  hydrochlorid  may  be 

'y  fiven  in  the  forms  of  pills  or  capsules;  or  in  solution, 

'■  l-tste  l)eing  <lisgiiised  by  glycyrrhiza.      (No  acid  must 

'■^  prcHTiljed  with  the  latter!)     The  tannate  <»r  the  pure 

ii^)..i(I  niay  also  Ik  given,  but  they  are  probably  less  effi- 

'^'^'T.    lieing  insoluble,  they  are  practically  tasteless,  and 

i^n  onlr  as  they  enter  into  combination  with  the  acid  of  the 

V  of  quinin  sulpiiate  in  pills  or  powder  arc  prob- 

targciy  wasted,   since  they  are  not  dissolved  or  alv 

«:tl:  the  stdphate  requires  720  parts  of  water  for  solu- 
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tion.     The  hydroclilorid  is  more  soluble  (i    :   i8)  but  (J 
bisiilphate  is  the  best  (i   :  8.5). 


7C 


It  is  customary  not  to  prescribe  the  bisulphaie  directly,  but  tt^^^, 
sulphate  brought  into  solution  by  the  addition  of  a  sufficient  quantity  l^^~ 
dilute  sulphuric  acid.  The  quantity  of  acid  should  be  rather  in  cxccs^^^* 
If  it  is  only  ju>t  surticicnt,  some  ^uIplIate  will  be  precipitated  on  th^^"  * 
tongue  by  (lie  nlkaline  saliva,  and  give  rise  to  a  very  persistent  afle^  "^^ 
taste.  There  will  be  very  liitic  of  this  if  an  esccess  of  acid  b  us 
and  the  motith  rinsed  afterward. 

The  ordinary  quinin  sails  are  not  well  adapted  for  hypodermic  tut 
on    account    of   their    irritant    action.     They    produce    pain,    induratei^^:^ 

nodules,  and  sometimes  abscess  formation.     The  hydrochlorid  ha«  ih -J- 

property  of  forming  peculiar  solubk-  and  tion-irrilant  eonipbunds  witlK"    ' 
a    number   of   substances.     Three   part*   mixed   with    two  of  antipyniw^      1 
was    formerly    used.     Recently    a   compound    formed   by   mixing    '    C»m 
of  the  hydrochlorid.  0.5  Gm.  of  nrethanc,  and  2  c.c.  of  walcr  has  beei         1 
warmly   recommended.     The   quinin    is   liberated    from   this   comp^>uni         i 

in  the  body.     Thf  hypodermic  mjecttons  have  the  advantaKe  of  ^ecur 

ing  a  quicker  action.     They  are   made  deep  into   the  Rluleal   mnscles^^^. 
This  compound  can  also  be   used  intravenously;  but   the  posiibiluy  o         € 
a  cardiac  action  enjoins  great  caution    (Gaglio.  igoj). 


V.  ABSORPTION,  FATE  AND  EXCRETION. 

Quinin  is  fairly  readily  absorlx-d  from  the  stomach,  and  excrctt 
promptly  by  the  urine.  The  excretion  beisrtns  within  half  an  hour  aft< 
taking  and  continues  fairly  rapidly,  but  traces  may  be  found  for  se' 
eral  days  Other  secretions  may  also  contain  it.  It  i^  ordinani 
slated  that  the  greater  part  of  the  quinin  is  excreted  unchanged;  bi 
in  the  dog  86  to  88%  are  completely  oxidized  (Mcrkel.  1902).  In 
blood,  the  quinin  is  said  to  occur  mainly  within  the  red  corpuscles. 


VI.  SUBSTITUTES  FOR  QUININ. 

The    disadvantages   of   quinin  —  the    bitter   taste,    cinchonism. 

eniptions,  digestive   derangement,   idios>'ncrasy,  etc. —  make  an  effici* 
substitute    for   the    alkaloid    very    desirable.     As    far   as   the    antipyr* 
eflfect   is  concerned,  quinin   may,    indee'fl,   be   entirely   displaced   by 
cotil-tar  antipyretics,  hut  these  are  for  the  most  part  inefficient  aRait 
malaria.     For    this    action    the    modification    must    he    introduced    n 
the   quinin    il*;clf     The    tattnatr    obviates    some   of   the   di>advanta( 
since  it  is  insoluble  imtil  it   reaches  the  intestine,  when   the  quinin 
slowly  liberated,     But   it   lacks   promptness  and  certainly  of  action. 
more   useful    product    is   obtained    by   converting   the  alkaloid    into 

T.  as  in 

[uquinin   (Quinin-ethyl-carbonic  ester). 

Quinin  =  H  C«H„N=05  Euqtiinin  =  COC^ o'c-R  **^* 

li^  product   is   stated   lo   have   exactly   the   same   action   as  quir"*^ 
and   in  the  satur  doses,  but  to  be  free   JFrom  its  disadvantages.     Iti 
almost  insoluble   in   water,  and  therefore  practically  tasteless  and  f*"- 
from   irritant  actions     The  quinin  is  liberated  in  the  alimentary  ca**-~ 
by  the   decnmpostiion  of  the  cuquinin,  but  this  occurs  so  slowly  tla-^ 
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tl»erc  is  no  cinchotiism.  The  dccomposilion  takes  place  more  steadily 
*nd  more  certainly  than  in  the  case  of  the  lannatc, 

Aristochin  < neutral  carbonte-ester  of  qtiinin)  and  Saiiquinin  (sali- 
^^'lic  cMrr)  have  Mmilar  properties  and  uses.  It  may  be  introduced 
f  rttj  ihe  phcnelidin  molecule,  yielding  a  product  (.CAinq/'AcHi'ii)  which 
>uit}Lnc«  the  qualities  of  quinin  and  phenacetin  —  without  special  ad- 
igc. 

VII.  MATERIA  MEDICA. 

Cinchona   (U  S.  P.,  B.  P.).— /'*Ti*;i'aii  Bor*.— The  bark  of  various 

■?-p^cio  of  Cinchona  (Rubiaccjf).  They  must  contain  at  least  5%  of 
t<-»*3l  alkaloids,  and  at  lea..  4%  of  anhydrous  ether-soUible  alkaloids 
Cl-  S  P.). 

Cinchona  Rubra  (U,  S.  P.,  B.  P.).— The  bark  of  C  succiruhra. 
The  trees  yielding  cinchona  are  indigenous  to  the  mountainous  dis- 
tricts of  the  Andes  in  Somh  America,  at  a  height  of  3.400  to  1.200 
ravfcr*:  Trees  growing  l>elow  this  level  contain  but  little  alkaloid. 
TTir  natives  wore  acquainted  with  the  medicinal  value  of  this  "tree 
^f  /icsahh,"  and  ll»c  bark  was  brought  to  Europe  by  the  early  explorers. 
''  re^^cived  its  name,  cinchona,  from  the  Counte>s  Chinchon,  who  was 
O"eotf"the  first  Etiropcans  to  receive  its  benefits. 

■\r     J3r«cnt  practically  all  the  harks  of  commerce  are  from  cultivated 
''fey       tilt  originaJ  forests  having  been  largely  depleted.     This  cinchona 

fn/6wr^  tion  i*  carried  on  in  a  number  of  subtropical  mountainous  coim- 

t^    K:>-«T5scs5mg  a  rather  moist  climate  —  especially  in  India. 
*Ti«^      I'-  S.  Pharmacopoeia  doe*^  not  discriminate  between  the  different 

S*cc)c?i^.    Between   thirty   and    thirty-six   of   these  are   recognized:   but 
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=irc  probably   mere   variations  and   hybrids,  and   a   recent   author 
•ted  !n  reduce  the  species  to  four.     The  most  important  are: 
a   (yellow   bark);   succiruhra    (red  bark):   officinalis:   lanci- 
*:iicrantna:  scrobiculata. 
alkflloidal  contmi   of  the  different  barks  varies  greatly.     It  has 
My   increased    by  cultivation,    some   samples   yielding   to 
The  alkaloid^;  arc  contained  in  all  parts  of  the  'plant, 
inal  cells.    The  root  bark  contains  the  most,  then  comes 
ihe  or-  rk. 

The-  uijits  arc-     Certain   acids    Cquinic.  qvunovic,  etc.):   Tan- 

«V  *-^_  onchotannic  acid  (J  to  4%).  which  yields  green  color  with 
trcK\;  c>inchrjna  rc<!.  a  derivative  of  the  preceding  (both  arc  glucosids)  ; 
gxim,  ^-v^rax  rc*in,  elc. 

■^  ^"^■^  brsp  ntjmbcr  of  alkaloids  have  been  isolated;  many  of  these 
t^      '"  M  the  course  of  the  manipidations.    Tl»c  most  im- 

Quinicin. 
iianiin,  Qninamidin,  Quinamicin, 

,       -   niilin.   Cinchoiiicin.    HomtKinchonicin. 

V  ij**->*e  nn  a  line  arc    isomeric) 

"0<Mi   tile   crj- St  a!  livable    alkaloids   have    In-cn    separated    from    cin- 
<:bona    «M(trac(s.  evaporation  of  the  mother  liquor  yields  a  brown   ex- 
trV^-     ChinoiJin     (Qntnoidin),    which    contains    amorphous    alkaloids, 
f(rtj»»y  l)i-ctnclinnicin  and  Di-quinidin. 

•  C»^^rra  Bark,  from  Remija  pedunculata.  Ruhiaccac,  contains  for  the 
ip/fi^  Ipart  the  same  alkaloids,  but  no  cinchonidin.  It  is  used  in  the 
IPifltJtacinre  of  quinin. 

pf.-fr,..,.  ...  — These  have  no  advantage  over  quinin,  and  since  they 
^r^  i»*   with   iron,  and   the   alcoholic   preparations   also   with 

^i.  -loid  should  be  preferred. 


Name  frora  ijtiima.   bttrk. 
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Fluidcxtractum  Cinchona  (U.S.  P.)  [Ext.  Cinch.  Liq..  B.  P.] ;  H 
alcohol,  with  glycerin;  4%  alkaloids.     Dose:   1  c.  c.  =  15  T[\_   (U.  S.  P) 

Tinct,  CittchoH.  (U.  S.  P.,  B.  P.).— %  alcohol,  with  gl>xerin;  20%  = 
075%   alk.     Dose:  4  c.  c.  =  i3   (U.  S.  P.). 

Infusum  Cittchontr  Acidum  (B.  P.).— 5%.  Contains  a  small  pro- 
portion of  aromatic  sulphuric  acid.     Dose:  jo  c.c.  ^1   or. 

Tinciura  CinchotKr  Composita  (U.S.  P.,  B.  P.).— 10%  of  Red  Cin- 
chona; Bitter  Orange,  Serpcntaria.  Dose:  2  to  10  c.c.  (H  to  i 
drachms). 

The  above  preparations  contain  glycerin  and  66  to  80%  of  alcohol. 

'' Tinctura  Cinchotite  Detannata.  N.  F. —  The  official  tincture  with  th 
tannin  removed  by  iron. 

*  EHxir  Cinchona'  and  Elixir  Cinchon<r  Detannatum,  N.  F.,  contai 
3%  of  Cinchona.     Dose:  ad  libitum 

*  Elixir  Quinimr  Compositum.    N.  F. — (A   substitute   for  cinchona.) 
0.2  quinin   sulphate,   0.1   cinchonidin   s. ;  0.I   cinclionin   5.;   in    100  c.  c- 
Aromatic   Elixir. 

Alkaloids  and  their  Salts*— Their  dose  is  0.03  to  1.5  Gm.  {Yi  i 
25  grs.)   [0.0.1  to  0.05  as  tonic;  0.05  to  0.25  for  colds;  i.o  in  malariaC" 
(0.2s  Gm.  =  4  gr.,  U.  S.  P.). 

r  part  is  soluble  in 
water  alcohol 

QuinJna :      C^Hi«X-0.  4-  3H.0 1550-  0-6 

Quinina    Bisniphas :     Qu.H=SO«  +  yHaO ...       8.5  18. 

Hydrobroniidum  :   Qli.II  Br  +  H«0    40.  O.67 

Hydrochhridum :    Qn.HCl4-2H^     18.  0.6 

Salicylas:   2Qu.CtH«0,  +  H,0. . .       T7-  «i- 

Siitphas:     Qu.JI.SO,  +  7H;0. .. .  7^  86. 

Cinchonidin.T  Sulphas :    Ci.H«N30)(.HiS0i 

+  3H,0    63. 

Cinchoninar    Sulphas :    ( CivHuNsO )  i.HaSO* 

+  2H,0  58^ 

Preparations: 

Oleatum  Quininw  (U.  S.  P.).— 25% 

G^'yeeritum  \  ^*'*'"'  0**'N'"*r  et  Strychnins  Phosphaium  (U.  S.  P.) 
(Sec  Index.) 
Tlie  N.  F.  Elixirs: 

*  Elixir  Quininae  Compositum;  Klixir  Quininse  et  Phosphatnm  C 
positum;  El.  Cinchonzc  et  Ferri:  El.  Cinch.,  Fcrri,  Bismuth,  et  Stryc 
El.   Cinch.,  Fcrri.   et   Bismuth;   El.   Cinch.,  Ferri   et   Calcii   Lactophi 
phatis :  El.  Cinch..  Ferri,  et  Pepsini;   El.  (Zinchonx,  Ferri.  et  Strjch 
El.  Cinchonae^   Pepsini,  et  Strych.     All  contain  04%  of  cinchona  alk 
loids.     ( Teaspoon  ful  ^0.016.)     Dose:   4  to  8  c.c. 

A  favorite  way  of  giving  miinin  for  malaria  in  India  is  in  the  fo 
of    Warburn's    tincture —  *  Tinctura   Anfiperiodica.    N,  F.     This 
tains  2%  of  Qumin  Sulphate  (each  tablespoonful  =0.3  Gm.)   and 
minatives   (rhubarb,  aloes,  camphor,  and  aromatic  drugs)   which  p 
ably  aid  in  the  absorption  of  the  quinin. 

li'arburg's  Pills. — *  Pi!itl(r  Antiperiodica,  N.  F.,  contain  the  same  i 
grcdienis   in   solid    form.     (The   pill    form   is   quite   irrational.)     Ea 
pill  =  4  C.C.  of  the  tincture. 
Synthetic  Products: 

HtH    (Quinin   Carbonic    Ester). —  White,   light,   fleecy  pow 
!   needles.     At    firsl    tasteless,    then    a    faint    bitter    tas 
ible  in  water,  soluble  in  alcohol  and  fat  solvent 

Unofficial 
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poscd  by  acids.  Administered  in  powder,  pills,  or  suspended  in  milk, 
iO  the  same  dose  as  quinin ;  should  be  given  earlier  before  the  ex- 
pfCtetl  attack. 

•  Saiochinin    (Quinin  Salicyl   Ester)    resembles  the  above,  but  also 
^e^'clops  the  action  of  salicylates. 

*  Not  oOiciaU 


CHAPTER  XVII. 


SERIES  OF  COAL-TAR  DERIVATI\TS. 


T~^K  former  high  price  of  quinin  caused  chemists  and  pharmacol- 
o%'if»t^  to  look  about  for  cheaper  efficient  substitutes.  It  was  attempted 
to  make  quinin  or  similar  substances  synthetically,  departing  from 
quin*:>iin.  one  of  the  decomposition  products  of  quinin.  Whilst  this 
varch  did  not  result  in  an  artificial  quinin,  nor  even  of  any  substance 
anaJojcrous  to  it  in  action,  it  brought  to  light  a  very  large  number  of 
Substances,  in  some  respects  even  more  \'aluable  than  the  alkaloid 
*^tf^  and  served  to  direct  attention  to  tlie  pharmacologic  significance 
^f  \hc  derivatives  of  the  aromatic  series,  or,  as  they  are  more  com- 
tBi>n}y   called,  of  coal-tar 

j^f  ■*%as  found  that  all  the  simpler  compounds  built  up  from  the 
'^'"ol  nucleus  (with  a  very  few  exceptions)  possess  certain  physiologic 
fions    in  common,  as  follows: 

SttTTimary  of  Coxamon  Actions  of  Coal-tar  Derivatives: 

^^^tfral  Actions:  i,  Stiniiilatiun,  followed  by  more  pro- 
nonr»ee<i  depression  of  the  entire  central  nervous  system, 
but  particularly : 

■    2-    An  antipyretic  action  on  the  lieat-centers,  and 
3-     An  analgesic  action  in  neuralgias. 
Locai  Actions:  4.  A  coagulant,  irritant  and  toxic  eflfect 
ofi  *n    forms  of  proteid  and  protoplasm  —  on  tissue  cells. 
bacteria,  and  ferments. 

5"    A  quinin  action  on  all  forms  of  muscle. 
6.  Local  anesthesia. 
7-  The  fonnation  of  methemoglobin. 
Tf'c  actions  are  exerted  in  a  different  manner  and  to  a 
niftfrent  degree  by  the  several  members  of  the  series,  mainly 
in  two  directions,  so  that  two  groups  can  be  made  out. 

'''^)    A}\\ipyretic  Group, —  This  is  disting^uished  by  the 
^y^^inance  of  the  action  on  the  heat-reflating  center. 
*o)    Antiseptic  Group,  characterized  by  a  much  more 
"^'Kcd  local  action  on  protoplasm,  which  determines  the 
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usefulness  of  the  members  as  antiseptics.  The  effect  upon 
the  thermic  center  passes  mucli  mure  readily  into  general 
collapse  than  with  the  former  group. 


Relation  to  Quinitt. —  It  will  be  secii  that  the  action  of  the  scries 
agrees  in  a  general  manner  with  that  of  quinin,  the  principal  dit- 
fcrencc  lying  in  ihc  degree  in  which  the  different  actions  are  cxcrtcil. 
In  the  antipyretic  group  the  principal  effect  is  upon  the  heat-rcgnlating 
center;  in  the  ;)nti!>cptic  group  it  is  upon  the  protoplasm,  and  is  so 
violent  that  it  produces  necrosis  locally  and  collapse  centrally.  Quinin 
has  both  these  actions  in  a  less  pronounced  degree,  producing  itf 
main  effects  by  a  mild  paralyzing  actioii  on  protoplasm.  On  the  other 
hand,  none  of  the  coal-tar  products  possesses  the  specific  anti-malanal 
power  of  quinin. 


•^ 


(A)  ANTIPYRETIC  GROUP. 

This  comprises  all  those  coal-tar  products  in  which  the  antipyretic 
action  is  therapeutically  the  most  important.  Those  which  arc  u^ed 
mainly  a^  anli^eplics  hut  which  also  possess  antipyretic  properties 
(such  as  guaiacol  or  the  salicylates)  will  be  considered  under  ihr 
antiseptic  group.     * 

The  antipyretics  can  he  arranged  in  five  chemic  gffpups, 
which  are.  with  their  most  typical  members:  (  l)  Pyrazol 
derivatives:  Antipyrin:  (2)  Anilin  derivatives:  Acctamlid; 
(3)  Phenetidin  derivatives:  Phcnacctin;  {4)  Phenylhydra- 
zin  derivatives:  Antithcrmin:  (5)  Quinoliu  <lerivative<* 
Thallin,  Quinalgcn.  (The  chemistry  of  these  compounds 
is  discussed  later.) 

I.  DETAILS  OF  ACTIONS.' 

1.  Action  on  Temperature.^—  The  effect  upon  the  normal 
temperature  is  sliglu.  just  as  in  the  case  of  (|uinin.  antl  may 
result  in  a  small  rise,  unless  with  doses  sufticiently  large  ti 
produce  a  marked  mllapsc  action:  but  febrile  icwperatufi 
is  in  most  cases  reduced  to  normal,  or  even  below,  by  evei 
moderate  doses. 


This  occurs,  whatever  the  catisc  of  the  hyperpyrexia  —  whether^ 
bacterial  infection,  heat  puncture^  cocair,  excessive  exercise,  hot  haths^. 
etc. 

Mechanism  of  the  Antipyretic  Action. —  This    has    been    inveni— 
gaicd    mainly    on    rabbit?;    rendered    hyperpyrctic    by   puncture    of    ih^ 
corpus    striatum.     Calorimetric    experiments    show    that    the    rcductiom 
ipcraiure   is  accomplished   mainly   by    increased  h<at-loss.    Thi9 


r*i»e   stated,    the    description    applies    to   all    the   mrmberi    of  tl 
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■nis^l  occur  throiiKh  an  increased  production  of  sweat,  or  by  exposing 
*  UrKtr  jinounl  of  l>Ii»>d  to  the  cooliny  infliiencc  of  llie  surroundings 
hj  dttatation  of  the  cutaneous  irssch.  In  the  case  of  this  group  it  h 
acoompli^licKl  mainly  by  tlic  latter  means. 

The  diUtation  can   be   plainly   shown   by   llic   picthysmograph.     And 

ict   (he    reduction   occurs   even   after   airopin,   which   suppresses   the 

:tction  of   «weat.  the   latter  is   not   essential.     The  riuodilatation  is 

to  thg  cutanfous  vessels,  and   this   is  inip4>rtant.  since,  if  the 

reiids  in  the   remainder  of  the   bi^y   were  aUo  dilated,  the  cir- 

ihrough  the  skin  would  be  diminished  rather  than   increased. 

imiuiion  of  the  vasodilatation  to  the  region  concerned  with  the 

ition  oi  temperature  also  ponits  to  the  central  action. 

Tlicrc  is  also  some  diminuiion  of  the  heat  production  by 

//niitaiion  of  the  mctobolistit.     When  the  temperature  of  an 

animal  is  normal,  ilic  members  nf  tliis  group  have  no  very 

constant   tir  marked  effect   upon   nitrogenous  metabDlisin. 

Acetanilid  increases  the  excretion  of  nitrogen;  larger  doses 

"f  iifiiipyrin  (2  or  3  Cms.)  cause  a  small  but  unmistakable 

dc?crease  in  Ijoth  gaseous  exchange  and  nitrogen  excretion. 

Iri    f^^ccr.  however,  all  the  coal-tar  antipyretics  produce  a 

marfcc^l  decrease  of  gaseous  and  nitrogen  metabolism;  but 

this    crwmcs  on  ajicr  the  fail  in  temperature  has  set  iti,  atul 

must.     l>c  regarded  as  an  effect,  and  not  a  cause,  of  this  fall. 

'Wx^    metab<ilism  is  always  abtiormally  high  in  liy]>eq)yrexia, 

I  and    removal  of  the  latter  brings  with  it  a  decrease  in  the 

fortn^r. 

Antipyrin  and  the  other  dmgs  of  this  group  act.  then, 
'>n     iheheat-reg\tlating  center  wlicn  the  tctnpcrature  is 
w^rmally  high,  and  cause  its  reduction  to  or  near  normal. 
ys\  incrreasing  the  heal  loss. 

*^*     action   must    be  conceived   as   a   restoration   of  the  centers   to 
ii.il  pitch.     Numerous  facts  go  to  show  that  in  fever,  as  well 
:'h.   the   cetiter  exerts  a   regulating   influence;   but   tlic   Icm- 
-  ■'*-  which  it  strive?  to  mai|itain  is  an  abnormal  one. 

T^«e  is  a  peculiar  difference  in  the  suscejUibility  of  r/i/- 
(<to»^  \ixcrs  to  antipyretic  drugs:  High  continuous  fevers 
read  Itast.  those  of  an  intermittent  type  l>eing  most  amena- 
ble; ami  with  these,  again,  the  greatest  effect  is  produced 
vlien  the  action  falls  into  the  period  of  the  natural  decline 
"■  ^     ■  ■     ■  :re. 

-  antipxTetics  nlay  even  produce  a  "  paradoxical 
larocm" — a  Hsc  in  temperature. 
i  The  action  on  the  remainder  of  the  central  nerrous  sys- 
consists  in  stimulation,  followed  by  paralysis.     We  can 
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distinguish  a  narcotic,  a  convulsant,  and  a  collapse  effect.    1 
these  passing  insensibly  into  each  other. 

(A)  A  slight  narcosis  —  a  diminished  sensibility  to  pain 
and  perhaps  a  very  slight  degree  of  somnolence  —  may  be 
seen  with  all  antipyretics,  and  enhances  their  usefulness. 

This  analgesic  effect  is  most  pronounced  in  iwuraigia  and  head- 
oche.  It  is  produced  by  all  mcmtwrs  of  the  group,  as  also  by  »ali- 
cylates,  quinin,  etc.  t,lnlike  the  analgesia  produced  by  morphiti,  it  is 
not  effective  in  other  forms  of  pain.  The  mechanism  of  this  action 
has  not  received  any  satisfaclorj'  explanation,  but  it  seems  hkcly  that 
it  rests  on  a  vasomotor  action  on  the  intracranial  (mcningialj  circu- 
lation   (Wiech'iwski.   1902) 

Acctanilid.  antipyrin.  and   phenacetin   have  proved  beneficial  in  rfia- 
betcs  insipidus:   according   to   a    number  of   chnical   observers    (f.  ^-» 
Hirschfeld,   1904).     The  mechanism  of  this  action  is  quite  obscure 


(B)  After  the  narcosis,  and  before  the  depression  of  tl 
remainder  of  the  central  nervous  system^  come  the  convi^.' 
sant  effects. 

The   scat  of  these  convulsions  i?  probably   diffuse,  but   they  a| 
to  start  first  in  the  brain.     They  are  intermittent  in  character,  and 
preceded   by   increased    reflex    irritability.     They   are    rarely   seen  w 
the  antipyretics. 


(C)  Following  this  there  is  unconsciousness,  colUp 
and,  finally,  total  paralysis.  The  f*ulse  is  first  accelerat 
then  slowed.  The  respiration  becomes  dyspneic  and  t^ 
diminished.  There  are  sometimes  vomiting  and  dilata 
of  the  pupils.  The  skin  is  cyanotic  and  covered  with  c 
sweat. 


This  collapse  action  is  strongest  in  the  mother  substances— aift^ 
quinolin.  phenetidin,  phenylhydrazin*  and  carbolic  acid,  and  gener^^ 
in  the  members  of  the  antiseptic  group;  so  strong,  indeed.  lh2l  < 
action  of  these  cannot  be  controlled,  and  they  are  hence  unfit  /*^ 
internal  administration. 


Of  the  more  usual  antipyretics.  acetanili<l  produces  pr« 
ably  the  strongest  collapse  effects;  then  come  antif»tir»J 
phenacetin.  and  lactophenin.  in  the  order  given.* 

This  collapse  —  produced  by  large  doses  of  the  dnit 
themselves  —  must  not  be  confounded  with  a  collapse  v 
times  appearing  after  small  doses  in  fever,  and  due.  n^i 
the  drugs,  but  to  the  reduction  of  the  temperature 

*  Not  withstanding;  its  sliRht  solubility,  acvunilid  has  even  been  •baoitirij 
wounds  in  sufficient  amount  10  produce  toxic  symptoms. 


ANTIPYRETICS;    ACTIONS. 


347 


V  deal  in  these  cases  with  a  collapse  which  really  pre-existed, 

H  but  which  was  nuiskcd  by  the  hyper pyrtwia.     An  elevation 

H  of  temperature  produces  effects  in  certain  ways  antagonistic 

H  to  those  of  collapse,  and  may  hide  this  condition.     On  re- 

H  moving  the  stimulus  of  tlic  high  temperature,  the  hidden 

H  collapse  will  of  course  become  apparent.     It  would  do  so 

H  not  only  after  the  administration  of  antipyretic  drugs,  but 

H  also  if  the  temperature  were  reduced  by  cnid  baths  or  any 

H  other  means. 

H  3.  The  peripheral   actions  of  the  antipyretics  are  com- 

H  paratively  weak. 

^m  CA)  They  may  produce  some  heal  irritation  of  the  stomacli,  rcsult- 

H  in^  in  vomiting;  but  this  action  is  much  less  pronounced  than  in  the 
H  case  of  quinin.  Even  those  members  which  are  almost  insoluble  pos- 
^M         sefs  a  sharp  warm  taste. 

H  <B)   The  antiseptic  action  of  the  antipyretics  is  not   very   strong. 

H  They  are.  however,  .sonictuncs  used  as  antiseptic,  astringent,  and 
^M  hemostatic  dusting  ponftiers  (acetanilid;  or  aiitipyrin  in  5%  sterilized 
H  solution).  They  are  less  poisonous  and  le«s  irritating  than  iodoform. 
^m  <C)    All   drugs   of   the   coal-tar    scries   act   more   or   less    upon   the 

^m  blood,  inside  of  the  body,  producing  methemoglobint  and  in  larger 
^m  dos«s  causing  a  disintegration  of  the  corpuscles.  This  action  is  much 
^1  more  pronounced  in  tlu'  mother-substances  —  aniiin,  phenylhydrazin, 
^1  etc. —  and    in    the    antiseptic   group.     It    leads    to   a   peculiar   cyanosis, 

^M  and  cnntributcs  tn  the  collap'^e.  It  is  peculiar  of  this  group  that  the 
^1  fneihcmoglobin   formation  piocccds  much   more   weakly  in   shed   blood 

^1  than   it   does   in   the   body.     The    u^ua)    antipyretics  may   be   grouped. 

^1  as  regards  this  action,  in  the  following  manner : 

^1  I.  Medium   doses   merely   render  the   oxygen   of  the   Oxyhemoglobin 

^1  less  labile:    Antipyrin  and  Phenacetin  and  their  derivatives. 

^1  i  Medium    doses  .cause    the    formation    of   methemoKlobiii    inside    of 

^1  the  corpuscles,   without  destroying  these:     Thallin.   Kairin,   Ex- 

^1  algin. 

^H  J.    Mednim   doses  arc  apt  to  cause  methemoglobineniia  with   dcstruc- 

^m  tion  of  the  corpuscles :     Acetanilid,  Bcnzanilid,  Formanilid,   Py- 

H  rodin,  Chrysarobin,  Pyrogallol. 

B         ,    CO)  Striped  muscle    shows    a    somewhat    increased    efficiency    on 
*'*'"^^<'t  stimulation,  and  a  weak  curare  action. 

<  C)  The  heart  is  first  accelerated,  and  later  slowed.  This  is  due 
■'^  <i  ireci  action  upon  the  heart  muscle.  The  \rasomolor  center  is  not 
*'^^^<:ricd  by  moderate  doses  (with  the  exception  of  the  part  con- 
'""•^^ling  the  cutaneous  vessels  through  the  thermal  centers).  In  con- 
f^*l  «-J<nce,   the  blood  pressure  depends   solely   upon   the  cardiac  action, 

r**^*  *~»  s  at  first  increased  and  later  diminished.  In  doses  producing 
•'^pse  there  is  paralysis  of  the  vasomotor  system,  and  consequent 
*•  of  blood  pressure, 
•^t.  Side-actions. — ^The  reduction  of  temperature  by  these 
^"^"^ipyretics  is  apt  to  be  accompanied  by  certain  side-actions 
^^■^^^ch  may  become  dangerous  if  the  dose  be  too  large,  or 

^  EnerciM   2 
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if  the  person  lie  especially  predisposed  to  them.  They  vary 
quantitatively  to  a  considerable  exierl  in  different  individ- 
uals»  and  even  with  the  same  person  at  different  times. 
They  may  be  referred  for  the  most  part  to  the  central  ner- 
vous system,  the  must  frequent  being  cxccssizfc  siKTattng, 
chills,  cyanosis,  skin  eruptions,  iUgcstiz'c  disturbances,  symf- 
toms  resembling  cinchonisnu  and  collapse. 

The  sweating  h  due  to  the  increased  circulation  through  the  skin, 
and  is  produced  in  the  same  manner,  and  has  the  same  sifcnificance. 
as  the  critical  sweat  of  fever.  It  must  he  looked  upon  as  beneficial 
raihcr  than  otherwise,  since  it  aids  ihe  reduction  of  temperature.  But 
shuuld  it  become  too  troublesome,  it  can  be  suppressed  by  small  doses 
of  atropin. 

The   cutaneous   hyperemia   is   perhaps   also   responsible   for   the  ski 
eruptions.    Tliey  are  particularly  frequent  after  aniipyrin. 

The  tendency  to  this  eruption,  as  z\m>  to  a  slomatths  which  is  ofle 
seen,  increases  with  Ihe  repeated   use  of  the  drug, 

Fhcnylliydrasin  produce  ver>  similar  local  actions  on  the  skin  lec— 
2cnia  crythematosum  and  papulosum)  and  on  the  alimentar>  canal 
(gastroenteritis). 

The    ctiills    occur    when    the    temperature    begins    lo    rise    agiin 
and    are   due    to    a    diminished   circulation    through   the    skin,   jnsl   as 
the  chills  uf  malaria.     They  are  not,  therefore,  to  Iw  attributed  to  th^ 
drugs,   but   are    rather   a   sign   that   the   action   of   the   antipyretic   ha^ 
worn  off. 

Gastric  symptoms  are   due  to   local  irritation,  but  are  not  frequentf 
Cinchonism    symptoms    arc    very    rare,   but   have   been    reported.     Th»^ 
cyanosis  is  due  to  the  methemoglobinemia. 

The  collapse  is  the  most  dangerous  complication.     As  has  been  saic^ 
this  is  usually  due  to  the  fall  of  temperature,  and  where  there  is  r 
son   for  supposing  the  existence  of  such  a  masked  collapse,  when  t 
fever  is  of  a  markedly  asthenic  type,  great  caution  should  he  used  i 
reducing   the   temperature,   whether  by   drugs  or  by  any  other  mean 
The   production  of  collapse   is  most   frequaU  in  menstruating  worn 
Tlie  cause  of  this  is  not  understood. 

It  has  often  been  slated  that  the  antipyretics  paralyze  the  Ai-or^ 
This  is  more  than  doubtful  with  ordinary  doses.  The  belief  probab^ 
resulted  from  the  moderate  slowing  which  is  always  produced,  part  J 
as  a  direct  effect  upon  the  heart  muscle,  but  mainly  as  the  result  of  X\9' 
lowered  temperature. 

Renal    irritation,    varying    from    slight    diuresis    without    histoloi 
change,  to  violent,  desq\iamative.  hemorrhagic,  parenchv-malous  ncphK" 
tis,  may  be   produced   by   all   coal-tar  derivatives.     There  is   not,   ho^^ 
ever,    any    dangrr    of    nephritic    lesions    from    ordinary    doses   of   t 
antipyretics.    Tliallin  produces  a  peculiar  papillary  nephritis. 

Chronic   Poisoning. —  The   continued    use  of   acetanilid    ('"headac 
powders")    has  occ^-isinnally  caused  the  development  of  a   drug  ha 
with  craving  and  withdrawal  symptoms.     An  individual  prcdisposit 
appears   to   be   necessary,    for   the   condition   is   relatively   rare;   but 
should    be   guarded    against   in    the   administration   of   the   drug. 
symptoms  of  chronic  acetanilid  poisoning  consist   in   melbemogIohi« 
roia    (chocolate-colored   blood)    with    the   histologic   blood   change* 
pernicious  anemia;   marked  leucocytosis.     C>anosis;  cardiac    weakne*? 
progressive    mental    and    physical    debility.     Methemoglobin    may   a1.' 
appear  in  the  urine.     ( D.  D.  Stewart,  IQ05.) 
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osage  and  Choice. —  On  acc(junt  of  the  possibility  of 
<J.ir«ci  cullapsc  actinn  if  the  liosc  is  relatively  large,  the 
ieii>>retics  nnist  be  adtiiitiistered  with  care. 
J  »  I  general,  it  may  be  said  that,  from  the  smallest  effective 
)*3^  {0.2  Gni.  for  acetanilid.  0.5  to  0.7  Gm.  tor  aiitipyriii 
T  i>lienacelin).  the  extent  of  the  antipyretic  action  increases 
l^'it:^  the  d<'se  of  the  drug,  until  the  normal  temperature  has 
been  reached.  Up  to  this  pcjint  there  is  practically  no  dan- 
ger r.»f  a  direct  collapse  action.  But  if  the  dose  necessary 
to  s<ecure  this  result  l>e  exceeiled.  the  toxic  effects  will  set  in. 


r/i<'    cjirrd^T  anttl>yrctit    dose  may  be  slated   as  0-5  Gm,   (7   grain<i) 
o{  acctaniliil ;  08  *jm.   C'o  grain^;;  of  phenacctin;   1.2  Gm.  (:;o  grains) 
of  Antip^rm.     In  beginning  the  iroatmcnt,  this  Hose  has  to  be  repeated 
flncc    or    twice,   with   an   hour's   interval,   until   the  normal   is   reached. 
Ahcr    this,  the   $.inglc   dose  is  repeated   whenever   the   temperature   be- 
liiti    lo     rise.     F'Uir  or   five   doses  are   required   per   day   to  keep   the 
paiicot     practically   fever- free.     The   action   does   not   persist   after    the 
•IruK    is    excreted*   and   consequently   the   administration   must   l>e   con- 
tinuous,   in  the  manner  indicated.     Those  antipyretics  which  are  rapid- 
'   '!    (as  IS  phen<x:oll)    are  therefore  less   useful, 

1  to  details,  and  in  determining:  the  choice  of  the  particular 
.™  . — „,  tij  |>€  used,  experience  is  the  best  guide.  The  same  holds 
htrt  as  in  mhcr  cases:  Very  much  more  can  be  accomplished  by  any 
OIK  «lnig  (hat  i?  thoroughly  understood  by  the  user,  than  can  be  done 
*ith  a  number  of  drugs  with  wliich  he  has  had  only  limited  experi- 
ence. 

^'  Abiorption  and  Excretion — The  coal-tar  antipyretics 
are  rapidly  ahsorlieil  aiul  excreted.  They  are  for  the  most 
purt  ilecnmjKtscd  in  the  body,  but  the  benzol  ring  is  not  at- 
***^'J^1-  The  <lerivatives  are  excreted  as  paired  compounds 
with  sulphuric  and  g^lycuronic  acid  (see  below).  The  oxi- 
dation  products  often  give  a  smoky  color  to  the  urine:  this 
^\^~*  be  tinged  with  methemoglobin.  Ferric  clilorid 
^^  the  urine  red  after  antipyrin.  reddish  brown  after 
-'-"''■anilid.  The  actixe  anilin  aiul  phenetidin  derivatives 
lacetanilid.  phenacetin.  etc.)  are  oxidized  to  parainidopiie- 
^^'  vQHj.NH.j.OH').  wln'ch  is  excreted  mainly  as  a  paired 
comprrund.     The  untie  gives  the  indnpheno!  reaction.* 

T'he  treatment  of  poisoning  by  overdoses  of  the  antipy- 
rdxs  is  the  sattie  a*^  f<  ir  c«  >Ilapse  from  other  causes  —  stimu- 
lanl\h<at.  etc.  <  see  Aconite). 
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We  have  already  touched  npoD  their  sHght  narcotic  and 
local  antiseptic  action.  Their  principal  use  is  in  the  re<iuc- 
tion  of  fever  temperature.  The  entire  therapeutics  of  fever 
may  be  summarized  in  this  place. 


Therapeutics  of  Fever. —  The  treatment  of  (ever  has  always  been 

tinctured  by  the  views  which  have  successively  prevailed  concerning 
its  natnre.  When  fever  was  considered  mainly  as  a  subjective  con- 
dition, altcnlion  was  directed  principally  tu  the  sensation*  of  heat 
and  thirst,  and  there  arose  the  clasps  of  refrigerants,  including  the 
dilute  mineral  :icuh  (see  Chapter  XXVI.  B).  They  arc  u*icful  even 
now,  especially  carbonated  drinks,  in  conjunction  with  other  treat- 
ment. Since  the  alkalinity  of  blood  is  diminished  in  fever,  the  or- 
ganic acids  are  also  useful  in  this  connection,  since  ihey  tend  to  make 
the  blood  more  alkaline. 

.As  physical  observation  came  more  into  fashion,  the  quickened  pulse 
of  fever  fixed  the  attention  of  the  clinicians,  and  it  was  attempted  to 
combat  all  the  conditions  of  fever  by  slowing  the  pulse.  The  ^.i-calleU 
class  of  cardiac  depressants  came  into  vogue.  They  include  siib<ttances 
acting  in  various  ways: 

Aconite  and  vcratrin,  producing   vagus   stimulation  and   general   fall 
of  blood   pressure.     Diaitalis.  producing   a   slowed   heart,      but  height- 
ened  blood   pressure.     Xauseauts,  as  tartar  emetic,  acting  secondarily 
through   the  nausea.    Potassium   salts,  which  have  a  direct  action  on        -^ 
the   heart. 

It   doc*;   not  need  great  acumen   to  perceive  that   remedies   with  ac-  

tions  so  diverse  could   not   be   successful   if  employed   indiscriminately— ^^^ 
in  all  cases  of  fever.     Some  have  still  a  place  in  rational  therapeutics,^-^ 

but    only    when    used    for   special    indications :     .•tconite   offers    advan .m 

tages    over    the    antipyretics    if    the    fever    is    of    a    short    high    type  ;:^        - 

digitalis,  if   the   heart   is   very   irregular.     Whether   nouseants   and   f*o ^c 

tassium  are  ever  indicated  against  fever,  as  such,  is  very  doubtful. 

When  the  thennometer  was  introduced  into  medicine,  and  it  wa^E  -^h 
recognized  that  an  elevation  of  temperature  was  the  heM  index  ta=^^ 
febrile  conditmns,  antif^yrctic   measures  came  into  prominence. 

The  theoretically  possible  ways  in  which  drug*;  may  reduce  tempera —  -^^ 
turc  have  been  discussed  previously.  Practically,  they  are  reduced  tcr:3»  -^ 
the   following : 

r.  Lowering  of  the  constant  of  the  thermo-rcgulating  center  (coal—  ^  ■ 
tar  antipyretics). 

2.  Lowering  of  heat  production  by  action  nn   foci    (quinin). 

3.  Dilatation  of  ci?taneous  vessels  (with  consequent  diaphoresis]^  ^ 
(aconite,  nauseants.  diaphoretics,  alcohol). 

4.  Collapse  action    (aconite,  veratrin). 
To  these  couM  be  added : 

5.  Removal  of  heat  bv  mechanical  means  (cold  baths,  effusions.  oi 
ick). 

Methods  2.  ^,  and  4  are  discussed  etsewhere. 

In  regard  to  the  application  of  antipyretic  measures  ir^ 
[fever,  it  is  essential  tn  bear  in  mind  that  they  have  tto  direct 
effects  on  fever,  except  upon  the  temperature. 
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Hxccptions  to  this  general  statement  are  the  actions  of  qumin  in 
fnalaria.  of  >alicylaies  in  acute  articular  rheumatism,  of  cinnamic  acid 
in   tuberculosis,  and  the  analgesic  action  of  the  coal-tar  products. 

For  the  rest,  ihey  Mrikc  neither  at  the  cause  of  the  fever  nor  at 
any  s>'mpioms  other  than  those  resulting  from  the  hyperpyrexia.  They 
make  the  type  of  the  disease  neither  less  severe  nor  shorter. 

In  malaria,  e.  g.,  antipyretics  may  prevent  the  development  of  a 
paroxysm  of  fever:  but  they  do  not  attack  the  cause  of  the  disease 
as  dues  quinin;  for  their  c^cct  is  not  lasting,  nor  does  their  continued 
admmii>tration  lead  to  a  reduction  in  the  size  of  the  spleen. 

Thc>'    arc   a    symptomatic    and    not    a    spcciBc    mode    of    treatment 
And    symptomatic   treatment    must   always    be   carried   on    with    great 
care,  lest   more   harm   than   go<jd   should   result.     But   where   it   is  not 
possible  to  attack  the  cause,  it  is  often  advisable  to  remove  objection- 
able symptoms.     The  question  then   is,  May  a  reduction   of  fever  tern- 
f^rature  be  useful?    It   must   be  borne   in   mind  that  hyperpyrexia   is 
often  a  protective  mechanism.     This  is  shown  by  the  onset  of  collapse 
in  certain  cases,  if  the  stinuilus  of  the  high  temperature  be  removed. 
Also,    baclcriologic    research    has    shown    that    with    mo»;t    Iiacteria    the 
optimum  temperature  for  development  is  confined  within  very  narrow 
limits,  which  are  exceeded  by  the  temperature  of  fever.     The  tendency 
<ii  fever  may  perhaps  be  said  to  be  useful  in  all  cases,  but  as  a  matter 
of   fact   it  usually  leads  to  more  damage  than  good     The  cells  of  ihc 
mammalian  organism  are  not  adjusted  to   work   under  the  conditions 
of    so    high   a   temperature.     It   is   detrimental   to   them   as   well    as   to 
"•he  bacteria,  and  sometimes  more  so.     Its  effects   (for  a  fuller  descrip- 
'Vion  sec  first  edition,  pages  J91  to  395)  consist  in  lassitude  and  enerva- 
"Vion,  in  general  discomfort,  restlessness,  irrilnhilily,  and  delirium.     The 
respiration   and   heart   are  quickened.     The  niel:]bulisni,   and   especially 
"*he    elimination  of  nitrogen,   is  greatly   increased.     This  leads   to  ema- 
ciation,   diminished    alkalinity    of    blood,    degeneration    of    important 
organs,    etc.     All    these,    joined    perhaps    to    a    deleterious    action    of 
'%hc     increased    metabolic    waste-products,    produce    a    condition    highly 
detrimental   to  the   patient.     These  conditions,   in    so   far   as   they   have 
-»iot    already   passed    into    permanent    anatomic   changes,    are    promptly 
<^nd    totally  removed   by   restoring   the   normal   temperature.     Measures 
^or    this    purpo*^    3*"^    therefore    indicated    whenever    these    symptoms 
.^ris^ing   from  hv-perpyrexia   become  very   pronounced,  and  unless  there 
.^re  special  contraindications.    They  should  not  be  used,  for  instance* 
^f  there  is  ground  for  suspecting  a  masked  collapse.     Nor  arc  they  of 
=any  use  in  high  continued  fevers. 

AniipyTclic   measures   of   this   kind    arc   mainly  cold   baths   and  the 
*oal-tar  antipyretics,   and    these   have   their   respective   drawbacks   and 
.advantages.    The  chief  advantage   of  cold  baths   hes   in   the   fact  that 
-there   is  no  danger  of  a  direct   collapse  action;   tint   there   is   no  need 
for   this    danger   with   antipyretics    if   their   dose   be   properly   adjusted. 
The   latter  save  the  patient   the  exertion,   discomfort,   and   shock  of  a 
<old  bath.     .\5.  in  the  case  of  baths,  the  temperature-regulaling  mech- 
anism is  not  adjusted  to  normal,  the  patient  experiences  all  the  ordinary 
effects  of  an  attempt  tn  reduce  the  temperature  below  normal:  chills, 
cyanosis,    etc.;    and    the    metabolism    is    increased    rather    than    dimin- 
ished.    The  action  of  the  chemic  antipyretics  is  also  more  pronounced 
and  lasting   (Fig.  76).  and   their  analgesic   action  is  of  marked   value 
in   influencing   the   subjective   condition   of   the   patient.     In   regard   to 
this  narcolic  action,  antipyrin  and  acetanilid  are  aboiU  on  a  level;  they 
are   surpassed    by   phenacetin.     This   action    is   especially    useful    when 
the  fever  is  associated  with  delirium. 

to  cold  baths  are  very  greatly  lessened  if  iepid  batiis 
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arc  u'^ed.  These  are  not  sn  much  antipyretic  as  stimulant,  improving 
the  blood  pressure,  dige^tiion.  and  sleep.  They  increase  the  nitrogen 
excretion.  It  has  been  shown  that  cold  baths  cause  a  considerable 
rise  of  blood  pressure  in  acute  fever,  whereas  camphor,  caffein,  ilro- 
phanthus.  ether,  or  alcohol  are  generally  ineffectual  in  this  condition. 
As  to  the  chemical  antipjTetic*,  the  theory  has  been  advanced  that 
they  interfere  with  the  natural  protective  bodies  of  the  scrum.  It  has 
been  shown,  however,  that  this  is  not  the  case,  at  least  as  far  as  the 
agglutinin  of  typhoid  serum  is  concerned.  In  conclusion,  it  may  lie 
said  that  ihr  best  gent-rat  treatment  of  fever  consists  in  o  combination 
of  antipyretics  atid  graduated  baths. 

The  use  of  tlic  antipyretics  in  neuralgia,  headache  afid 

migraine  has  been  previously  described.  Acelanilid  (in 
small  doses)  is  m*ist  commonly  used,  and  is  quite  efticieni. 

The  addition  of  caffein  appears  to  enhance  the  analgesic  effect  in 
many  cases,  and  would  indeed  be  useful  when  the  drugs  arc  u>cd 
as  antipyretics,  to  counteract  the  tendency  to  collapse,  and  the  cardiac 
actions.    The   addition   of   salicylate  and    bromids   is   similarly   us«£al. 
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Fig.   76.— Antipyretics   in   typhoid    fcv<r.     Dotted  line*  =>  cold  batlw; 
+  =  antipyrctici    ^StrOmpell). 

Sod.  bicarb,  or  Ammon.  Carb.  are  often  added  to  increase  the  solu- 
bility. The  official  Pulv.  Acetanllidi  Comp.  is  representative  of  the 
proprietary  headache  powders.  These  contain  from  50  to  70%  nf  ace- 
tanilid  <^scc  Jonrn.  Am.  Med.  .*\s5oc.,  1905,  p.  791).  Their  indiscrim- 
inate use  by  the  public  is  dangerous. 
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in.  infli^nce:  of  the  structvrf  of  axtipyretics 
UPON  their  action. 

The  enterprise  of  manufacturers  of  synthetic  products  has  over- 
whelmed the  profession  with  almost  numberless  antipyretics:  but  it 
must  be  confessed  at  once  that  the  number  of  really  new  and  valu- 
able products  is  comparatively  small.  The  great  mass  of  this  material 
consists  simply  of  insignificant  variations  in  the  established  products, 
introduced  for  the  purpose  of  evading  patents;  and  amounts  to  little 
more  than  do  the  various  flavorings  in  the  elixirs  of  the  older  ma- 
teria mcdica.  It  can  only  do  harm  by  creating  confusion,  and  should 
be  abolished  as  speedily  as  possible.  The  selection  of  the  worthy 
products  from  this  collection  would  be  an  almost  hopeless  task,  were 
it  not  that  certain  definite  laws  have  been  deduced  from  the  experi- 
mental evidence,  according  to  which  we  may   foretell  the  action  of  a 
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coal-tar  derivative  from  its  composition,  with  almost  absolute  certainly. 
In  this  way  many  new  compounds  can  be  adjudged  as  unworthy  of 
extended  trial.  A  presentation  of  some  of  these  laws  will  therefore  be 
tff  practical  value,  aside  from  their  scientitic  interest. 

The  antipyretic  action  really  resides  in  the  benzol  ring.  Yet  benzol 
(C«H*)  itself  is  not  antipyretic,  because  it  cannot  enter  into  reaction 
with  the  body  cells;  this  capacity  of  reacting  may  be  given  to  it  by 
substituting  for  one  of  its  [HI  atoms  an  lOH]  group,  as  in  carbolic 
acid,  C«HaOH  :  or  still  more  strongly  by  an  NHi  group,  as  in  anilin, 
CH..NH:  (Phenylhydrazin,  CHiNH.NH,  being  yet  stronger);  or  by 
both  as  in  paraniidophenol,  C«H*.OH.NHa. 

In  a  few  modifications  of  the  benzol  ring,  the  action  is  quite  want- 
ing;  thus   in    Pyridin,   CiHiN;   in   Naphthalin,   CbH,;   iu    Phenanthren, 


Cai*.CH 


But  it  reappears  in  Quinolin,  CoH»    , 

(Lh,n 

NH 


and  is  also  present  in 


the  pyrazol  ring,        N 
HC 


Ci 


CH 
CH 


Wc  repeat  that  the  power  of  acting  is  giving  to  thp  benzol  or 
other  chain,  by  replacing  H  through  OH.  or  NHa,  or  both.  The  sub- 
stances so  produced  arc  the  so-called  "  mother-substances."  They  are 
strongly  antipyretic,  but  they  also  produce  collapse.  Before  they  can 
be  used  in  practice,  this  collapse  action  must  be  diminished.  This 
may  be  done  by  replacing  the  [H],  either  of  the  [OH]  or  of  the 
INHt],  by  other  radicles;  the  reduction  of  toxicity  being  greatest  if 
the  substitution  is  made  in  the  NHj. 

These  substituted  compounds  act  only  after  the  mother-substance 
S5  liberated  from  them  in  the  body.  Their  action  is  therefore  more 
gradual,  less  violent,  and  more  easy  of  control. 

The  influence  of  the  substituted  radicle  is  as  follows: 

The  reduction  of  toxicity  is  greatest  if  the  substituted  radicle  is 
an  alky!  (CnHan+i  or  COi-CnHin  +  l)  ;  less  if  it  is  an  acidyl 
(CO.CnHan  +  r).  If  several  II  atoms  are  substituted,  the  toxicity  will 
be  less  if  both  an  acidyl  and  an  alkyl  radicle  are  introduced,  than  if 
both  radicles  be  of  the  same  kind. 

The  toxicity  and  the  therapeutic  qualities  both  diminish  with  the 
size  of  the  introduced  radicle.  The  most  useful  is  the  ethyl  (CifU) 
or  acetyl  (CHiO)  radicle;  with  the  methyl  or  formyl  group,  the 
toxic  action  is  too  great;  with  larger  groups,  and  particularly  with 
aromatic  groups,  the  compound  becomes  so  resistant  that  the  thera- 
peutic action  is  reduced  almost  to  nothing.  This  is  true  of  the 
ciiraie  and  salicylate  radicles.  Such  compounds  are  of  course  cor- 
rrspondingly  harmless. 

The  above  laws  must  be  modified  if  the  compound  is  decomposed 
in  the  stomach  with  liberation  of  the  mother-substance.  It  must  also 
be  remembered  that  the  radicles  must  be  introduced  into  the  ring  by 
substitution;  the  mere  addition  of  acid  radicle,  forming  salts,  docs 
not  modify  the  properties  of  the  original  substance.  Therefore,  Ani- 
lin Acetate  (GHv.NH..HCiHjOj)  preser\'es  the  original  toxic  action 
of  anilin:  whereas  this  is  greatly  weakened  in  Acetanilid  (CaHa-NH. 
CJiiO). 
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The  substitution  oi  an  H  by  I,  Br,  or  CI,  does  not  modify  the  anti- 
pyretic or  toxic  acuon  of  the  original  substance. 

IV,  COMPOSITION.  SPECIAL   PROPERTIES.  AND   MATERIA 
MEDICA  OF  THE  MORE  IMPORTANT  ANTIPYRETICS. 

Before  giving  in  detail  the  characters  of  the  individual  antipyretics, 
it  may  be  well  to  recapitulate  briefly  the  points  which  will  determine 
their  value' 

The   ideal   antipyretic  must  be   reliable  in  securing  a  fall  of  febrile 
temperature.     This  fall  must  bt:  prompt,  but   not  too  abrupt;  it  must 
be  lasting;  and   when   the  cflfcct  passes  off,  the  temprerature  must  not 
rise  loo  surMenly.     Tht-  analgesic  effect  should  he  strong     The  Hmg — 
should  not   be  decomposed    in   the  stomach    (or  by  o.i%    HCl).     Th<— 

toxic   dose   should   be   considerably   higher   than   the   therapeutic   dose 

In   the   latter,   the   drug   must   not   of   itself  cause   collapse   condttionv    - 
nor  methemoglobinemia,  nor  profuse  sweating,  nor  skin   eruptions.     I^r- 
should   not  have   a   bad   taste,   nor  should   it   irritate   the   stomach.     Ifc- 
it  is  lo  be  used   hypodermically.   it  must   be  soluble  in   water;  other- 
wise great  solubility  is  of  no  advantage. 

Of  the  compounds  which  have  been  proposed  so  far.  Para-acetphcn 
ctidin  (PhenacctinJ  seems  to  fulfill  these  demands  most  satisfac: 
torily. 

1.  PYRAZOL  DERIVATIVES. 

The  doses  of  these  compounds  aRrcc  with  anlipyrin. 

Antlpyrina  (  U.  S.  P.)  [Phenazonum,  B.  P.].—  Phenyldimeth- 
pyra/.olon,  Analgesia.  Oimethyloxychinizin ;  CiHNiO(CHi)i.C«Hj 
Obtained  by  the  condeivsation  of  phenyl  hydrazin  with  acclo-acet- 
ether,  and  methylation  of  the  product.     It  is  a  derivative  of  Pyrazol: 


L 


Antipyrin    is   a    white    powder,    sol.    in   39.5    water,   38.2   ale.     It 
quickly  absorbed,  but  slowly  excreted.     Dose:  0.J5  to  0,6  lo   I.5  Gi 
(4  to  10  to  25  grains),  in  solution;  iq.25  Gm.^4  gr^  U.S.  P.).     (I 
compatibilities,  see  p.  76.) 

Antipyrin  unites  readily  with  acids  to  form  salts.    These'  have  '. 
advantage.     Examples  are: 

Salifyrin    (Antipyrin    Salicylate)    and    Tussol    (Antipyrin    Amyg( 
late). 
Substitution  Products: 

lodopyrin    is   an    iodin    substitution    product.     It   shows   the   pr< 
ties  of  antipyrin,  hut  does  not  improve  upon  them. 

Pyramidon. —  An      [H]     of     [CH|      in     anlipyrin     is     replaced 
(N(CH«)i).     This  compound  is  three  times  as  active  as  antipyrin. 
action   lasts   longer,   and   it    is   no   more  dangerous.     Dose:   0.1  to 
Cm.     Especially  recommended  in  the  hectic  fever  of  phthisis. 

{Aniiipyrin  is  a  condensation  product  obtained  by  fusing  one  eqiw*' 
alent    of    acctanilid,    and    two    of    antipyrin.     It    dissolves    readily      ■ 
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water,  and  is  less  toxic  than  acetanilid,  but  possesses  no  advantage 

over  mere  mixtures  of  the  two.) 

Homoioguts: 

Tolypyrtn. —  The  C«Hi  of  Anlipyrin  is  replaced  by  GH..CH1.  The 
resulting  compound  is  as  active  as  anlipyrin,  but  more  irritant.  It 
resembles  this  also  in  its  solubility  and  dose.  Its  salicylate  is  known 
as  Tolysai 

2.  ANILIN  DERIVATIVES. 

Acctanilidum  (U.  S.  P..  B.  P.)  iAntifebrin,  Phenylacetamid),— 
C.H>NH(CH,CO).— Prepared  by  boiling  anilin  (C,H».NH,)  with 
glacial  acetic  acid,  replacing  an  |H1  tif  the  [NHil  by  the  acetyl  radicle 
[COCH.|.  A  while  powder  or  crystals,  of  a  warm  taste.  Soluble  in 
179  parts  of  water,  and  in  2.5  parts  of  alcohol.  Dose:  to  0.5  Gm.  (8 
grs.)  (0.J5  Gm.  =  4  grs.,  U.S.  P.);  daily  dose,  to  4  Gm. ;  in  powders 
or  capsules. 

Anilin  itself  is  an  active  antipyretic,  but  markedly  toxic;  acetanilid 
also  acts  as  anilin.  being  decomposed  into  this  substance.  It  has 
still  considerable  tendency  to  cyanosis  and  collapse.  It  is  useful  as 
an  analgesic,  in  small  doses,  but  should  not  be  uhcd  in  full  doses. 
This  holds  yet  m9re  of  its  homnlognc,  formanilid  (C»H^NHCOH  — 
replacement  of  COCHj  of  acetanilid  by  COH).  F,.ralgin  fC-H*NCH» 
CHiCO  —  replacement  of  H  of  NH  in  acetanilid  by  CHa)  is  weaker. 
The  higher  honiologues  —  B<*rtru«i/iJ  (C.H.NH.CtM.O  —  COCH.  re- 
placed by  CiHwO)  — are  practically  inactive.  In  Eufhorin  ( Phenyl- 
ureihan)  the  COCH,  of  acetanilid  is  replaced  by  CO.OGHi,  Tlie  result 
is  a  compound  combining  the  qualities  of  acetanilid  and  of  urethanc, 
but  in  no  wa^-  superior  to  simple  mixtures. 
Acetanilid  \Uxtures: 

Pulvis  Acctanilidi  Compositus  CU.  S.  P.").— Acetanilid  70.  Caflfein 
la  Sod.  Bicarb.  20%.    Dose:  0.5  Gm.  ^7H  gr. 

Similar  mixtures  are: 

*  Migrainin    (Antipyrin  85,  Caffein  9,  Citric  Acid  6%). 

tHemicranin    (PInrnacetin  5,  Caffein  i.  Citric  Acid   l). 
These  are  given  in  the   same  dose. 
3.  PHENETIDIN    DERTVATTVES. 
/lien   it   was  noticed   that   the   body   renders  anilin    (or  acetanilid) 
less    toxic    by    oxidatinn    lo    paraniidophcnol,    the    thought    lay    near    to 
begin  with  the  administration  of  this  body,  or^  as  it  is  still  quite  toxic, 
of  its  derivatives. 

If  the  H  of  the  OH  is  alone  replaced,  phenetidin  results,  which 
with  Its  salts,  is  also  too  toxic  The  product  does  not  become  useful 
uiuil  one  of  the  H  atoms  in  NHj  is  also  substituted,  as  tn  phcnacelin. 


I  OH 

00 
NH.         NH, 


OX,H 


O.C,H. 


NH,  NH.CO.CH, 

Phenetidin.    Phenacetin. 
IPhcnacetinum,    B.  P.]    (Para-acct- 
\H  — CHCO    '      '^'^*^    acctylization    product    of 
para-amidophenetol.     A  white  crystalline  powder,  of  a  warm  taste,  sol- 

•  Xoi   nlRcwl. 
I*  See    purity    tult.    Exercise    lo. 


NH,         NH, 
Amlin.  Paramidophenol 

Acctphenetidinum    ( I'.  S.  P.)' 

nhenetidin ). —  C»H* 
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uble  in  925  watfr;  in  70  of  boiling  water;  in  li  of  alcohol.  Dost: 
O.J  to  0.6  to  1.0  Gni.  (s  to  10  to  15  grains  J,  as  powder;  (os  Gm.  =  7W 
gr..  U.S.P.). 

Plienacciin  presents  as  yet  the  best  result  in  the  attempt  of  Ie5scn- 
ing  toxic  effects  and  yet  preserving  therapeutic  activity.  However, 
it  still  possesses  sunic  toxicity,  and  tins  and  its  insolubility  have 
encouraged  the  investigation  of  similar  compounds.  The  substitutinn 
of  the  acetyl  radicle  (CO.CHj)  by  the  radicles  of  higher  acids  doc* 
indeed  lessen  the  toxicity  and  inc^ca^e  the  solubility  and  the  analgesic 
action,  but  at  the  expense  of  antipyretic  value.  These  compounds 
with  higher  acids  are  also  subject  to  decomposition  by  the  acidity  of 
the  gastric  juice,  resulting  in  the  liberation  of  the  toxic  phenetidin 
They  are  tlicrefore  incompatible  with  acids,  and  if  used  should  be 
administered  with  sodium  bicarbonate.  Their  dose  is  about  the  same 
as  of  phenacetin.  or  somewhat  larger. 

To  this  class  belong: 

LactQphcnin   (acetyl  replaced  by  ^*^y'^^CtH.<2^tjUQ  ^  j,  ^  * . 

Of*  H 

Apolysin  (by  citric  acid  ''a<J'clc  =  <::4Hi<j^j^j'(^Q^  j^^q^^qjjj^ 

Phcnosal  (acetyl  replaced  by  *^^'cy^^^C«H«<%.L/ pqqu  qun 

is  especially  inactive. 

More    deserving    is    Thcrmodin,    in    which    the    H    of   ihe    KH   of 

Phenacetin  is  replaced   by  COfCiHi.     This  causes  considerable  loss  oC 

toxicity,   without  greatly   impairing  the   therapeutic   activity.     A   some — 

what  different  compfiund  is  PhcnocoU;  in  this  the  acetyl  of  phenacct 

is  replaced  by  glycocoll. 

OCH 
PhcHOioU  Ayrfrof/i/onrf.  ==CJI.<  j^fJ^Q  q^^^  ^-^   j^q 

White  powder  of  a  burning  taste  reminding  of  salicylates,  which       

greatly   lessened   by   dilution.     Soluble   in    16  parts   of   water.     Incom^*^ 
patiblc  with   alkalies.     It   is   about   equal   to   pnenacetin    in   thcrapeoti.^"" 
and   toxic   action,   being  used   in   the   same   dose    (but   as   soliuiont 
It   differs    from   it    in    its   great    solubility,    and   consequent   rapid   bv 
short  actioti.     It  is  especially   suited    for  hypodermic   injection    (in  ' 
the  oral  dose).    Specific  effects  have  been  claimed  for  it  on  malaria,  hi 
it  docs  not  affect  the  Plasmodium  any  more  than  other  coal-tar  ant_ 
pyretics.     PhenocoU  acetote  is  still   more   soluble    (2  parti  of  water. 
PhcnocoU  salicylate  (Salocoll)  is  much  less  soluble. 

It   was  already   mentioned    that   Phenetidin    (C«H<.OCsHn.NHJ    y- 
its  salts  are  much  too  toxic   for  therapeutic  use.    (Dniy  one  of  the 
the   Citrate    (Citrof»hcn),  has  been   placed   upon   the   market,  and   tii     __ 
has    fallen   into  a   deserved   neglect.     In   the   cnmpounds   Malakin  ai^^ 
Malarin    the   toxicity   has   been   lessened   by   replacing   the   Hi  of  tl- 
NH>,  .in  Malakin  by  the  salicyl  rest  CH.CJl.OH  :  in  Malarin  by  Jce    ^ 

ophenon  C<p7.'     .    The   latter   is    still   toxic.    The    former   is  rer^ 

dered  non-toxic,  but  also  inactive,  by  the  salicyl. 


4.  PHENYLHYDRAZIN  DERIVATIVES. 

Phcnylhydrasin,  C*H».NH.NH,.  was  one  of  the  early   stnr- 
in  the  mvcnlion   of   antipyretics.     It  is   itself  strongly  am 
is  the  strongest  blood  poison   of  the  antipyretic  scries.      1  . 
is   shared  by  its  salts  and  simple  substitution  products.     To  t! 
long:    Hydracetin     (Pyrodin)     (H     of     NHj    replaced     hy 
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^CJifcNH.NH.COCH.):  Antithcrmin   (H,  of  NH,  deplaced  by  levu- 
linic  acid)  ;  Orthin.    The  dose  is  given  3i^  to  o.i  Gm. 


5.  QUINOLIN   DERIVATIVES. 

>V   y/V  The  fact  that  Quiuolin  —  CHtN  —  is  nne  of  the  rle- 

j  ^j  ^  composition  products  of  Quinin  was  the  incentive  to  the 
I  I  I       investigation   of  the   antipyretic   action   of  the   coal-tar 

\^^^\>^       prrHliicts.     The  compounds  so  discovered  have  now  only 

^^      ^^  a    historical    interest;    they    are   indeed    antipyretic,   but 

also  very  toxic  (Thallin,  CHiN-fUCHaO ;  Kairolin, 
C.HrN.H*.C=H*.H,SO,:  Kairin.  CH.(OH)N.H,.GH0-  They  fell  into 
neglect,  but  the  discover)'  of  phenacetin  stimulated  the  search  of 
similar  compounds  of  quinolin.  Such  is  Quinalg^cn  ( Analgen), 
C.H.(OCJ^.)(NH.COC.Hn)N.  This  is  safer  than  other  quinolin  fie- 
ri vatives,  but  becomes  .'ictive  only  as  the  henzoyl-Kroiip  is  split  off 
by  the  gastric  juice.  It  is  therefore  of  inconstant  action.  It  is  a 
white,  almost  insoluble  powder.    Dose:  0.5  to   i.o  Gm. 


(B)  ANTISEPTIC  GROUP. 


The  second  coal-tar  group,  that  of  the  antiseptics,  is 
characterized  by  the  prnminence  of  the  toxic  action  on  pro- 
triplasm  when  brought  into  direct  cf*ntact,  and  of  the  col- 
lapse action  when  acting  from  l1ie  circulation. 


I.  MEMBERS  — INFLUENXE    OF    STRUCTURE    ON    ACTION. 

As  was  slated  previously,  benzol.  dH*,  the  mother  substance  of 
the  coal-tar  series,  is  itself  practically  inactive,  liecause  it  cannot 
react  with  protoplasm.  This  capacity  is  given  to  it  by  replacing  part 
of  the  H  atoms  by  other  groups,  especially  by  OH  (forming  phenols) 
or  by  COiH  (forming  acids)  ;  or  by  both.  This  develops  the  pcctiliar 
antiseptic,  toxic  and  irritant  qualities  of  the  coal-tar  antiseptics.  The 
OH  radicle  is  the  most  active,  the  antiseptic  and  toxic  actions  in- 
creasing with  the  number  of  OH  groups  ( t,  *•..  progressively  from 
phenol  CHiOH.  to  rcsorcin,  CH.fOH),  and  pyrogailol,  C.H.(bH)i). 
The  introduction  of  the  CO^H  group  alone  (i.  c.  Ijenzoic  acid, 
C«Hi.COiH)  docs  not  render  the  substance  very  acttA'e.  The  intro- 
duction of  both  OH   and  COjH   in  the  ortho-position'    (1.  e..  salicylic 

*  OH 

acid,    ^•^*^r;oH  ^    rt'^^i^il's  in  a   compound   which   is  less   toxic   than 

phenol,  but  which  has  peculiar  antiseptic  properties.  The  antiseptic 
quality  may  also  l>e  brought  out  by  other  acidyl  groups  ( COCH-., 
dc),  the  activity  being  proportional  to  the  size  of  the  introduced 
molecule.  NOt  also  develops  the  antiseptic  action,  but  adds  its  own 
toxicity  to  that  of  the  phenols.     The  substitution  of  an  H  of  the  CaHo 

in   phenol    by   alkyls    (crcsols,    C«H,<yTj    )    leads   to  an   increase   of 

^lie  antiseptic  power^  and  diminishes  at  the  same  time  the  toxicity  to 

Wr§  1*  '  When    the   aubsiituiion   occurs   in   tht  position    i.j,    the   orthocora* 

Bl  I        THiund    results;     1  :j    gives    the    metacomixiund:    and    1 :4    the    para* 

■A  I-      comj>oun<i. 
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tissues.    Higher    homologiies    introduce    no    imponam    modificatioDS. 
The  siibstJtiiliun  of  halogens  increases   tlu*  antiseptic  action. 

The  group   which   gives   the   valuable  antiseptic,  but  also   the  unde- 
sirable toxic  and  caustic,  qualities  to  these  compounds,  i^  the  OH. 

The  violence  of  its  action  may  be  moderated,  as  in  the  salicylic 
acid,  or  in  the  crcsols;  or  it  may  be  masked  by  replacing  its  H  by 
other  radicles.  These  esters  {e,  g.,  salol,  CH^.OH.COiC.Ha)  will 
develop  their  action  when  decomposed  into  their  phenol.  Combina- 
tions which  are  so  firm  as  to  prevent  this  liberation  (*•.  g.,  the  sulpho^ 
carbolates)  are  neither  antiseptic  nor  toxic:  in  fact,  it  is  by  thcr 
funnalion  of  such  compounds  that  the  organism  protects  itself  against- 
these  poisons, 

The    antiseptic    and    local   actions   of   the   salicylates   or   other   salts 
are  also  much  less  than  those  of  the  corresponding  acids. 


The  coal-tar  antiseptics  may  be  divided  into  the  followin 
groups:  I.  PhcnoL  Salol;  II.  Crcsoh;  III.  Rcsorciu.  Py 
rocaicchin.  Hydrochinon.  Arbutin,  Pyrogallol;  IV'.  Crco 
sole  Derivatives:  V.  Dyes:  VI.  Salicylic  Acid;  VII.  Othe; 
aromatic  acids.  Balsams;  VIII.  Naphthalin,  Naphihol  an 
Quinolin  deri\atives. 


II.  SUMMARY  OF  ACTIONS. 

1.  A  coagulating  action  upon  proteids,  determining  th^^ 
death  of  cells  with  nliich  they  come  in  cfintact.  and  result — 
ing  in  irritation  and  inflaminalory  changes. 

2.  An  excitation,  follnwed  by  more  pronounced  depres- 
sion, of  the  central  nervous  system. 

3.  The  formation  of  methemoglobin. 

Historical. —  In  the  form  of  the  natural  mixtures,  the  antiseptic 
properties  of  ibis  group  have  long  been  known.  The  smoking  of 
meat  is  certainly  a  very  anciettt  practice;  and  one  of  the  niethoos  of 
embalming  practised  by  the  Egyptians  utilized  largely  balsams  and 
products  ricii  in  essential  oils, —  the  latter  being  very  closely  related 
to  the  aromatic  "^ertes.  The  isolated  substances,  however,  belong  to 
the  achievcriienls  of  the  nineteenth  century.  Creosote  was  first  made 
in  1832.  carbolic  acid  in  tft^4,  and  it  was  almost  thirty  years  later 
than  this  before  they  were  used  in  surger>'. 


m.  DETATLS   OF  ACTION. 

I.  Phenoi_ 

Phenol  f carbolic  acid,  C.HaOH)  shows  veiy  typically  the  chanc- 
tcristic  properties  of  the  entire  aromatic  antisscptic  group.  It  is  alw 
the  most  widely  known  and  used  of  these  antiseptics.  It  owes  this 
high  popularity  to  its  being  the  pioneer  of  the  group,  through  its  in- 
troduction by  Lister.  This  popvdarity  is  no  longer  justified,  for  we 
now  possess  other  derivatives  superior  to  it  in  every  respect.  How- 
ever, it  serves  admirahly  to  illustrate  the  main  features  of  these  anti* 
scptics.  and  is  therefore  accorded  the  most  prominent  place- 
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Local  Actions.— Most  of  the  members  of  this  group 
coagulate,  and  thus  (lcstR)y  the  structure  of  proteids,  and, 
in  consequence,  of  protoplasm.  This  protoplasmic  toxicity 
is  particularly  great  in  phenol,  and  accounts  for  its  irritant 
and  antiseptic  action.^ 

When  pure  carbohc  acid,  or  a  strong  solution  of  it,  is  ap- 
plied to  the  skin  or  mucous  membranes,  it  acts  as  a  caustic. 
It  produces  burning  and  pain,  then  numbness  and  anesthesia, 
\*TinkIing  and  softening  of  the  epidemu's.  the  color  of  the 
skin  becoming  first  white,  then  red.  and  finally  brown.     A 
dry  scab  forms,  which  separates  without  pus.     Creosote  has 
a  similar  but  much   weaker  action.     In   weaker  solutions 
neither  is  caustic,  and  they  determine  merely  some  wrink- 
ling and  blanching  of  the  epidermist.     But  even  a  5%  solu- 
tion of  the  acid  may  cause  necrosis,  especially  when  applied 
continuously  to  the  extremities.     This  enjoins  caution  in 
the  use  of  carbolic  dressings.     Ninety-five  per  cent,  alcohol. 
g^h'cenn  and  fats  are  antidotal  to  the  l*xal  effects  of  carbnlic 
acicl.     Xone  of  the  other  members  of  the  group  have  such  a 
mar-ke<!  caustic  action,  although  salicylic  acid  effects  a  soft- 
ening of  the  epidermis,  which  leads  to  its  use  in  removing 
crn-ns.     It  is  important  to  note  that  its  salts,  the  salicylates, 
ha-v-c  no  caustic  action,  but  are  nevertheless  antiseptic.     All 
f^c     riembcrs  have,  however,  some  local  action,  which  finds 
'5^    ^:xpression,  with  internal  administration,  in  nausea,  vom- 
^lll^Sf  ond  diarrhea,  being  similar  to  quinin  in  this  way. 
*"^   vomiting  is  also  favored  by  the  repulsive  taste  of  some 
tliese  drugs.     This  local   irritant  action   further  shows 


of 


**''*^1  f  .ifter  large  doses  at  the  place  of  excretion  —  r.  g..  in 

^*^t*ftr\tis  with  casts,  albuminuria,  and  hemoglobinuria  (Fig. 

77^ .     Skitt  eruptions  which  occur  occasionally  may  be  as- 

^^loed  to  this  irritation  and  to  tlie  dilatation  of  tlie  cutaneous 

^^^5«Is.     Strong  solutions  brouerht  into  direct  contact  with 

^   *^\i5cle.  decrease  its  excitability.     The  coagulant  action 

^*^  proteids  also  determines  the  most  characteristic  property 

^»  the  group,  namely,  their  antiseptic  effects. 


.  »^i«  coa^lation  is  a  molecular,  rather  than  a  chemic.  process.  That 
**  *f>  uy.  phcnni  and  the  other  Jriigs  of  the  Rfoiip  do  not  enter  into 
^*»nic  combination  with  the  proteids,  but  prccipit,Ttc  them  by  changing 
"^  ctiaracirr  of  (be  medium,  somewhat  .ifter  the  mnnner  rff  alcohol 
w  ft^otraJ  «altf  A  short  action  of  this  kind  is  sufficient  to  kill  the 
pr«opl*»nv     But   the   coagulant   substance   itself,  not   being   combined 


7»^r 
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and  used  up  in  this  process,  is  free  to  oenetrate  further,  which  is  not 
the  case  with  the  metallic  antiseptics.  This  penetration  is  also  favored, 
in  the  case  of  carbolic  acid,  by  its  volatililj-,  a  factor  which  is  absent 
with  salicylic  acid  and  most  ether  ^lctnher^  of  the  group.  The  metals 
enter  into  insoluble,  permanent,  chemic  combination  with  the  proto- 
plasm, and  this  effectually  prevents  the  further  penetration  of  the 
antiseptic.  This  greater  penetrating  power  of  the  antiseptics  of  the 
aromatic  group  is  of  considerable  practical  importance.  Further,  just 
as  different  proteids  present  different  degrees  of  precipiiability  with 
alcohol,  ether,  and  chloroform,  or  with  the  different  neutral  salts,  so 
they  arc  acted  upon  differently  by  the  various  members  of  this  series; 
and  this  suggests  the  explanation  of  the  fact  that  different  bacteria 
present  a  very  different  degree  of  resistance  to  them;  and  Uiat  certain 
members  may  be  almost  specific  in  a  disease  —  as  salicylic  acid  in  acute 
rheumatism  —  where  the  other  members  are  of  but  very  little  use. 

For  this  reason  also,  it  does  not  follow  by  any  means  that  the  tox- 
icity, to  the  tissues  must  needs  be  proportional  to  the  toxicity  to  bac- 
teria.    On   the  contrary,  the   usefulness   of  an   antiseptic   which  is  to 


Kic.    77.— Hahhit*   kidney    after   iolol-twiaooins    (Robert). 

be  applied  to  the  body,  is  determined  by  its  combining  a  great  toxici'/ 
to  bacteria  with  a  minimal  action  on  tissue  cells.  The  ideal  »n^' 
septic,  in  this  respect,  has  not  been  found,  and  prolvahly  does  nfl* 
exist;  but  the  cresoU,  guaiacol.  etc.,  approach  it  much  more  clwtJ/ 
than  phenol  or  the  metallic  salts.  (For  the  use  of  antiseptics.  '<^ 
below.) 

Carbolic  acid  prczents  putrffaction,  or  the  dcvclopnient  of  bacteria* 
in  the  strength  of  '-^  to  1%. 

For  the  production  of  surgical  antisepsis,  too  much  stress  must  n^ 
be  laid  upon  the  fact  that  it  does  not  kill  the  organisms  in  even  moci* 
greater  concentration ;  for  the  prevention  of  their  growth  is  all  tha* 
is  required  in  the  treatment  of  open  wounds. 

Phenol,  salicylic  acid,  and  other  coal-tar  antiseptics  also  have  * 
retarding  effect  upon  ferment  action  —  especially  carl>n|ic  and  "iahcyti^ 
acid  —  somewhat  after  the  manner  of  quinin.  A  5%  solution  ot 
phenol  suffices  to  materially  weaken  the  action  of  mo^t  ferment?. 

It  is  also  claimed  that  these  antiseptics  ( particul:irly  the  phenols 
and  antlin  dyes)  destroy  not  only  bacteria,  but  also  their  toxms.    Thi* 
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in  the  test-tube;  but  it  may  be  doubted  whether  ihey  have 
Ct  in  the  great  dilution  in  which  they  exist  in  the  body.  On 
Bry.  however,  carbolic  acid  has  b«cn  recommended  in  Iraw 
jfcitfH4  (10  c.  c.  increasing  to  25  c.c,  of  2%  solution  per  day, 
jrd  doses,  subcutaneously). 

^tral  Actions. —  Very  small  doses  of  phenol,  as  of  all  the 
,  antiseptics,  produce  at  first  an  analgesic  and  antipyretic  action 
ntipyretic  group).  This  is.  however,  so  fleeting,'  and  passes 
^y  into  the  graver  effects,  tliat   it  cannot  be  used  in  therapeu- 

s   preliminary   stage   is   followed   by  more  pronounced   symp- 

cxcitatian,  shown  in  frogs  or  mammals  by  muscular  tremors, 

s,   and   convulsions. 

ic  acid  causes  in  the  frog  a  short  stupor,  followed  by  inco- 
jpd  clonic  convulsions.  The  latter  involve  the  entire  central 
i  system.  Inlactncss  of  llic  sensory  paths  is  necessary  for  their 
ion,  so  that  they,  like  those  of  str>'chnin.  rest  upon  an  increased 
Sty  The  action  differs  from  that  of  the  latter  poison  in  its 
■isirihution,  and  in  the  more  incoordinaied  spasms.  Direct 
{on  of  dilute  solutions  to  the  spinal  cord  of  frogs  paralyzes  the 

cell*   (Baglioni,   1900). 


mi 
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7S.— C«rtMlit:  AciJ  (IxRtiu  at  x)  mnd  todium  lulpbate  (bcirin*  *t  XX). 
respiration  (from  iracneal  cannula);  B,  carotid  prcsaure.  The  pfMSur* 
or    paralytU.     Thii    and    the    dyspnea    arc    at    unce    relieved    by 


are  also  *igns  of  stimulation  of  the  medullary  centers,  cspc- 
lat   of   respiration.     The   heart  is  quickened   and   strengthened, 
direct  action  on  the  cardiac  muscle.    The  blood  pressure 
|uence.  and  also  by  the  convulsions  and  the  direct  effect 

)tor  center.     The  rise  is  neither  large  nor  lasting. 

collapse  stage  the  heart  is  weakened  and  slowed  —  presuma- 
lifrct  action  on  the  muscle.  There  is  paralysis  of  the  vasomotor 
and  in  consequence  fall  of  blood  pressure  <Fig.  78  B).  The 
brcomrs  *low  and  shallow,  and  finally  ceases.  The  tem- 
The  phenomena  bear  a  very  close  resemblance  to  those 
hock  Since  the  collapse  affects  all  the  medullary  centers, 
iiac  muscle  as  well,  it  cannot,  of  course,  he  removed  by 
tiration.    This  constitutes   an   important   difference   to  the 

, luccd  by  the  drugs  of  the  alcohol  scries.     Another  diffcr- 

jfrtJ  in  the  fact  that  with  the  antiseptic  group  the  sensihility 
It  often  preserted  far  into  the  collapse.  In  an  early  stage 
a  mental  exeitation  with  hallucinations,  seen  especially   with 
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salicylic  acid.  The  collapse  action  is  strongest  wilh  carbolic  acid  and 
creosote,  much  less  with  salicylic  acid,  and  very  small  with  benzoic 
acid. 

The  local  effects  of  the  phenol  play  no  pan  in  the  production  of  the 
collapse  (Sollmann  and  Drown,  1906).  Even  small  doses,  when  in- 
jected intravenously,  cause  a  prompt  and  extensive  fall  of  blood  pm- 
sure,  but  this  recovers  again  very  promptly. 

Carbolic  acid  causes  an  increase  of  secretions,  especially  of  salnn 
sweat,  and  tears,  not  yet  accounted  for.  Symptoms  of  n'ttcftonism  al«» 
sometimes  make  their  appearance  after  carbolic  and  especially  salicylic 
acid.  Peripherally.  muscU-  and  nerve-fibers  are  killed  by  the  direct 
application,  but  do  not  seem  to  suffer  when  the  drugs  act  systcmicailj 
Carbolic  acid  is  of  value  as  a  !ocal  anesthetic  (5%  ointment >,  espe- 
cially in  itching  skin  diseases  or  pruritus. 


3.  Toxicology. —  Suicidal  poisoning  by  carbolic  acid  is  ver}' 
common,  particularly  in  the  United  States.  Accidental  poi- 
soning is  also  common ;  it  may  result  even  when  the  phenol 
is  applied  to  the  intact  skin;  its  liberal  application  to  open 
surfaces  has  frequently  led  to  toxic  symptoms.  The  fatal 
dose,  by  mouth,  depends  greatly  on  the  concentration.  0.8 
Gm.  has  l)een  given  therapeutically  without  bad  effects. 

Symptoms.^ —  The  heal  syviptonis  consist  in  burning  of 
the  mouth  and  throat,  nausea  and  vomiting,  abdominal 
pain.  The  carbnlic  burns  generally  heal  promptly,  w'itl^ 
small  tcntlcncy  to  scar  fomiation. 

The  sysfcmie  symptovis  are  tliose  of  a  very  speedy  f^^f*" 
lapse,  starting  in  a  few  minutes^  even  when  the  drug  i 
taken  by  mouth.     It  is  manifested  by  faintness  and  mns- 
cular    weakness:    sometimes    twitching    and    convulsion* 
pulse  small,  weak,  and  slow;  face  livid:  cold  sweat;  respin^ 
tion  slow  and  shallow;  unconsciousness:  coma:  death  I15 
stoppage  of  respiration. 

The  course  of  carbolic  acid  poisoning  is  very  rapid.  !•" 
almost  all  fatal  cases  death  ensues  inside  of  twenty-fou^ 
hours. 

Chronic  Carbol-potsanrng. —  In  the  days  of  the  Lister  spray.  clif(*J^ 
phenol-poiponinR  was  not  at  all  uncommon  amongst  sunjeon*  * 
presented  the  general  symptoms  of  marasmus.  The  quantity  of  »** 
arid  entering  (he  sy?;tem  under  these  circtimstances  is  quite  phenO"^ 
nal:  2  Gm.  of  phenol  were  recovered  from  the  urine  ot  a  sunffo** 
who  had  assisted  for  two  and  a  half  hours  at  an  operation  undr  * 
2%  spray. 

Diagnosis. —  Besides  the  course  of  the  symptoms  notrf. 
the  odor  of  the  patient  is  characteristic.  The  urine  is  da^c 
and  smoky,  and  gives  little  or  no  precipitate  with  barium^ 
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chlorid.  The  carbolic  acid  usually  exists  in  the  urine  com- 
bined with  sulphuric  or  glycuronic  acid,  and  is  free  only  in 
the  very  gravest  cases.  Tu  demonstrate  its  presence  by 
chemic  tests,  the  urine  must  be  acidulated  and  distilled,  and 
the  distillate  tested. 

Treatment. —  The  local  effects  of  phenol  are  effectively 
rernoved  by  promptly  washing  with  alcuhttl  (or  wliiskey) 
and  applying  an  oil  dressing.* 

With  internal  poisoning,  the  greatest  success  is  obtained 
by   extensive  lavage  of  the  stomach   { taking  care  that  the 
fluid  does  not  enter  the  trachea).     The  first  washings  may 
be  performed  with  \q%  alcohol.     Lime  forms  an  insoluble 
compound,  and  lime  water,  or  better,  the  syrup  of  lime, 
has    been    used.     Potassium    permanganate    also    destroys 
the  phenol.     Sulphates  have  been  given  with  the  object  of 
forming  the  non-toxic  phenolsulphonates.     This  cninbina- 
lion  does  not  occur  in  the  alimentary  canal,  and  the  sul- 
phates are  very  slowly  absorbed,  so  that  the  oral  administra- 
■tion  is  useless  except  in  chronic  poisoning.     The  coinljina- 
tiiin  is  so  slow,  that  it  is  practically  not  available  in  acute 
|M>is()iiing,   even   if  the  sulphate    is   injected   inlravenonsly 
(^  Brown  anrl  Sollniann,   1906).     The  hy[MKlermic  (jr  intra- 
venous injection  of  the  sulphate  (Yz  to  2.  liter  of  a  2.3% 
i^olution  of  the  dry  salt  or  of  a  4.6%  solution  of  the  crys- 
tals) is,  however,    often  of  great  benefit,  by  its  stimulating 
effect.     ( Fig.    78.    B. )     The    patients   sometimes   recover 
from  deep  coma  during  the  infusion. 

It  has  been  claimed  that  alcohol  is  a  chemic  antidote  to 
j>henol.  effective  even  when  left  in  the  stomach.     Both  the 
<'/'nical  and  the  experimental  evidence  disprove   this  view 
{  Clarke  and  Brown.   1906),     Its  action  is  purely  mechan- 
ical, as  described  above. 


■*-  Phenol  Compounds. —  The  great  toxicity  of  phenol,  its  very 
pronounced  local  irritnnt  action,  and  its  rapid  absorption,  all  lessen 
Jr*^*~y  RTcatly  its  therapeutic  value,  and  acti%'e  search  has  been  made 
■**■"  ccmponnds  devoid  of  these  iindcsired  properties.  The  following 
'"•^^iiods  have  been  tried: 

_  *  -     By   substituting:   an   acid   raflicle   for   an    H    in    the    C«Hi   of   the 
'^"^^lol  relatively    non-toxic   compounds   arc   produced.     Such    are   the 

'**''="*^oLvjlphonaies.  c  g..  CH.<q^^'**     Thi<;  combination  is.  however, 

-^*^'^5S,   since    it    destroys    the    antiseptic    power    as    well.     As^ptol   \s 
ixturc   of   similar   sulpho-phenols,   obtained   by  acting  on   carbolic 
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acid  with  sulphuric  acid  and  adding  alcohol,  li  is  indeed  antiiepi'C, 
but  only  because  it  dissociates  ver>'  readily  into  its  ingredients.  It 
possesses   absolutely   no   advantage  over   ordinary  carbolic  acid. 

2.  By  combining  the  carbolic  acid  with  f^rotrids:  the  resulting  omti- 
pounds  do  not  give  up  their  carbolic  acid  at  all  readily,  and  arc  ihcrc* 
fore  of  little  value, 

3.  By  the  substitution  of  an  H  of  the  CtHi  by  CH».  producing  tlrt 
cre«o1s  (see  below). 

4.  By  an  ester-like  combination  with  an  acid.  The  resulting  com- 
pound is  inactive,  but  is  decomposed  in  the  alkaline  medium  of  'lie 
intestine  by  the  pancreatic  en/ymes  and  by  the  bacteria,  liberating  it< 
ingredients.  The  original  compound  of  this  class*  Salol,  is  slill  ibf 
most  valuable. 


Salol 


Q  H4 


OH 
CO,.C«  H.. 


tlie   phenyl    salicylate: 

It  is  but  very  sparingly  soluble  in  water,  and  produces  by 
itself  no  antiseptic  qualities.  Its  use  as  antiseptic  dusting 
powder  is  therefore  irrational.  Used  internally,  it  passes 
the  stomach  unaltered,  but  in  the  intestines  it  yields  Mowly 
carbolic  acid  and  sodium  salicylate.  The  slowness  of  tliis 
process  permits  the  carbolic  acid  to  exert  a  full  local  anti- 
septic effect  throughout  the  intestine,  without  dznger  i>f 
flooding  the  organism  with  phenol.  The  salicylate  of  so<li- 
um  takes  no  part  in  the  local  action,  but  is  absorl>ed.  and  in 
its  passage  through  the  body  it  exhibits  the  salicylic  acid 
action. 

5.  MATERIA  MEDICA  OF  THE  PHENOL  GROUP. 

Phenol  fU.  S.  P.^  [Acidum  Carbolicum.  B.P.I  tHydroxy)»enztfK> 
CiHjOH.  Colorless  crystals,  acquirins  a  reddish  tinge,  due  to  or* 
known  and  unimportant  impurities. 

Pretaratwn:  The  cna!-tar  separated  in  the  process  of  purify'"* 
illuminating  gas  is  subjected  to  fractional  distillation.  The  por'i'^' 
distilling  between  140"  and  220"  C.  is  used  for  Carbolic  Acid;  it  ■■ 
treated  with  10%  NaOH,  which  dissolves  the  carbolic  acid  in  '■* 
form  of  a  sodium  carbolate.  whilst  the  impurities  remain  insolu^ 
The  carbolic  acid  is  then  precipitated  from  its  solution  by  HC.  >"^ 
washed.  This  product  still  contairts  other  substances  <  especially  crtr 
sols),  and  has  a  reddish  color  and  a  very  disagreeable  odor  It  c*^ 
slitules  the  "  Crude  Carbolic  Acid."  This  furnishes  the  pure  K 
repeated    fractional   distillation. 

Phenol  may  also  he  prepared  synthetically  from  benzol. 

Phenol   is  very  faintly  acid  to  litmus,  but  is  not  a  true  acid 
chemically  or  physiologically. 

Pure  carbolic  acid  melts  at  42*  C  It  is  soluble  at  25'  C.  in 
parts  of  water,  freely  soluble  in  Glycerin,  Alcohol.  Ether,  oil*. 
Glycerin  is  the  most  useful  solvent,  and  aqueous  solutions  of 
strength  may  he  made  by  adding  a  sufficient  quantity  of  glyceritv 

The  crude  acid  is  much  less  soluble  than  the  pure. 

Carbolic  acid  is  but   rarely  used   internally,  in   dosf  of  0.o6>  Gffi 
1    gT.    (U.S.  P.),   largely   diluted,   as   antipyretic   and    intestinal  di 
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fectant.     It  is  not  well  adapted  for  either  purpose.     lis  principal   use 
is    as   disinfectant. 

For  disinfecting  instruments  or  hands,  the  saturated  aqueous  solu- 
tion (containing  about  5%)  is  used;  for  washing  wounds,  the  3%; 
for   gargles,   lotions,  and   injections.   1%. 

Carbolic  acid  acts  scarcely  at  all  antiseptically  when  in  oily  solu- 
tion. But  carbolated  oil  and  ointment  are  useful  local  anesthetics, 
dermal  irritants,  and  promote  healing.  An  ointment  made  from  crude 
carbolic  acid  is  still  more  effective. 

The  inefficiency  of  the  oily  solutions  is  due  to  their  great  solvent 
power  for  phenol,  preventing  its  transfer  to  the  bacterial  protoplasm. 
Alcohol  and  glycerin  have  a  similar  restraining  action.  The  sohihil- 
ily  in  petrolatum  is  very  small,  so  that  ointments  made  with  this  base 
should  be  ver>'  actively  antiseptic  and  irritant. 

The   crude  acid   i^  mainly  employed  as  a   cheap   and   efficient  disin- 
fectant;   the    crystallized    acid    is    sometimes    employed    as    a    caustic, 
especially  in  dental  practice. 
preparations: 

Phenol  Liqut'factum  (U.S.  P.)  [Ac.  Corhol.  Liqu.,  B.  P.].— Made 
by  ineUing  phenol  and  adding  10%  water.  ( Phenol  may  be  mixed 
with  less  than  Vm  or  with  mnre  than  20  parts  of  water,  but  not  with 
quantities  comprised  within   these  limits) 

Gtyceritum  Phenolis  (U.S.  P.)  [Glyccrinum  Ac.  Carbot.,  B.  P.].— 
4R>%.     Useful  for  making  strong  solutions. 

^    Ungurntum  Phenolis  (  U.  S.  P..  3%)    [IJng.  Ac.  Carboi,  B.  P.,  4%]; 
made   with   white   petrolatum. 

Suptioxitoria  Acidi  Carbolui  {B.  P.)    (against  pruritus). —  I  grain. 

*  Ofeum  Carbolisafum. —  ^%. 

Trochisci  Acidi  Corboliei   (B.  P.). —  Each  I  grain. 

The  PhenoUulphonates  ( Sulph'icarbolatcs)  are  neither  as  toxic 
nor  as  irritant  a^  carbolic  acid.  However,  they  have  also  lost  much 
of  its  antiseptic  effect-  The  sodium  salt  is  sometimes  given  to  con- 
trol intestinal  fermentation,  hut  would  seem  to  be  surpassed  by  other 
intestinal  antiseptics.  The  zinc  salt  may  replace  the  zinc  sulphate  as 
astringent 

Sodii  Phenolsulphonas  (U.S.  P.>  \Sod.  Sulphoarbolas,  B.P.I.— 
CiH,(OH)SO.N'a  i  :4  +  2H,0.  Sol.  in  4^  water,  ijo  ale.  Dose: 
0-2s;  Gm.  =4  gr.    fU.  S.  P.). 

Zinci    Phenolsutphonas     (U.S.  P.)     [Zinci    Sulphocarbol,    B.  P.].— 
(C*H.(OH)SO,),Zn+8HX).     Sol.   in    1.7  water   or   ale.     Dose:   0.125 
Gm.  =  2  gr.    (U.  S  P.). 
Phenylis  SalkylasfU.S.  P.)    [Salol,   B.  P-l— C.H.(OH>COOCH» 

1  : 2      Made  bv   heating   phenol   in   the  presence   of   phosphorus   pcnta- 

cWoriH.     Sol.  in  2^^^^  water.  5  ale,     Dose:  0.3  to  i  Gm.  (5  to  15  grs.) 

to.5  Gtn.  =  7»/j  grs..  U.  S.  P.)  as  powders  or  in  capsules. 


II.    CrESOL  GROtT. 


OH 


Hie  Cresols  have  the  chemical  formula  ^«^<^(;Ha*  '^^*  three 
'v>mer?  (ortho,  meta,  and  para-cresol)  all  occur  in  the  preparations 
^'rfch  are  asually  employed.  These  are  obtained  from  the  residue 
/*"^aining  after  t^e  phenol  has  been  separated  from  the  "crude  car- 
Jolic  acid,"  of  which  the  cresols  form  the  major  part.  Attention  was 
'''•St:  directed  to  their  valuable  qualities  bv  Franke!  (1889).  The  m- 
^^'^^^J  uction   of   CH.   into  the  phenol   molecule  diminishes  its  toxicity, 
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whilst  it  increases  the  antiseptic  power.  The  cresols  arc  aboui  thnc 
times  as  powcrftil  as  phenol  in  disinfecting  value,  and  are  said  tu 
be  only  about  one-fourth  as  toxic.  Tollens  (1905}  claims,  however, 
that  only  meta-creso!  is  less  toxic  than  phenol :  and  that  the  other 
cresols,  and  the  ordinary  mixtures,  surpass  carbolic  acid  in  toxicity. 
The  paracresol  is  the  most  toxic.  The  local  irritant  action  1$  very 
much  less :  in  the  concentration  in  which  they  arc  used,  they  do  not 
blanch  or  benumb  tlic  skin.  Their  cost  is  also  much  less  than  that 
of  carbolic  add. 

The  one  great  disadvantage  attaching  to  them  is  their  very  slijfiit 
solubilily  in  water.  This  insolubility  can.  however,  be  readily  ova- 
come.  The  crude  mixture  may  be  emulsified  or  rendered  solubli-  kwr 
soaps,  or  other  agenis.  Or  the  pure  cresols  may  be  employed^  these 
being  very  much  more  soluble  than  the  crude  products. 

The  cresols  are  liquids  of  a  peculiar  odor,  of  a  color  varying  in 
intensity  from  straw  to  almost  black.  The  solutions  also  darken 
with  age,  but  this  does  not  interfere  with  their  activity.  Like  phenol 
thty  do  not  attack  metal  instrument^. 

Of  the  following  preparalioiw;,  only  the  cresol  and  the  «u|^ 
mixtures  have  attained  to  any  popularity;  other  solutions  arc  too  weak. 
The  soap-mixtures  render  the  hands  slippery,  and  arc  therefor  Irsi 
valuable  than  trikrcsol  in  operating.  They  do  very  nicely  for  oii>cr 
purposes,  and  are  particularly  useful  for  disinfecting  the  hands.  i> 
they  render  other  soap  superfluous  I'-^i  to  1%  solution,  brushing  for 
2  or  3  minutes).  The  potash-soaps  (Liq.  Cresolis  Comp.)  have  an 
advantage  over  the  resin-soaps  in  giving  clear  solutions,  instead  of 
turbid   mixtures. 

Cresol  Preparations. —  Tlie  cresols  are  used  almost  exclusivety  J* 
antiseptics.  The  proportions  given  below  refer  to  pure  cresol.  Fc 
the  mixtures,  ihc  proportions  should  be  doubled: 

In  surgery,  J4  to  1%;  gargles  or  cystitis.  %%:  cuspidors  (tubercle 
bacilli)  or  stools,  I  to  1;^%;  for  sponging  rooms  or  soaking  clothe** 
J4  to  1%. 

To  make  a  1%  soltition*  add  2  teaspoonsful  to  a  quart  of  water. 

Internal  Dose:  0.05   c.c.  =  1    ITl.    (U.  S.  P.). 

A.   Pure  CrcBoH.— Cnsol    (U.  S.  P.).— C,H.(CH.)GH  :  a  mixiar 
of    the    three    isomeric    cresols,    obtained    from    coal-tar.    freed   fi 
phenol,  hydrocarbon,  and  water.     Sol.  in  60   water,  all   proportion*  0 
alcohol   or  glycerin.     A   clear,  colorless  or  straw-colored  liouid. 

•  Trikrcsol,  a  similar  product,  contains  Orthocresol,  35*?. :  Mc1»' 
cresol.  40%;   Paracresol,  25%.     Soluble  in   water  to  2.2  —  2.$^ 

The  isolated  cresols  are  also  on  the  market,  but  present  no  advan^ 
tagc  over  the  mixture.  i^^ 

Liquor  Cresolis  ComposHus  (U.  S.  P.).— 50%  of  cresol,  broflfh^ 
mto  clear  solution  bv  a  potash-linseed  oil  soap. 

*  Kresamin  {Ethylen  diamin  —  Trikrcsol;  Trikrcsolamin). —  A  f'e! 
watery  solution,  containing  35%  of  ethylendiamin,  and  J5%  of  trikn 
sol.     Soluble  in   1.8  parts  of  water. 

The    ethylendiamin    increases   the    penetr.iting   power,    and   the  1* 
tericidal    power,    so    that    the    latter    is    about    equal    to    fuH-itrer 
trikrcsol.     Kresamin   has   been   recommended    (as  4   lo   20%  oini 
in  lanolin)    for  eczema  and  lupus. 

B.  Preparations  of  Crude  Cresols  (Crude  Carbolic  Acid).— 
taining  \i  to  i**  of  Cresols: 

/    fltttuhioHs:   turbid,  brownish  liquids,  yielding  turbid  suspefl 
with  water. 
Prepared  tii'/ft: 

I.  Resin-soap;    CreoUn- Pearson;  Isat:  Crcsolin. 


Ifo-acids  (Made  by  heating  crude  carbolic  with  equal  parts  of 
rated  H.SO.)  :  Sanatoi;  Creotin-ArtmtniH  (sulfo-acids  of  resin 
icral  oils  may  be  employed). 

^H  in.  Polyatomic  Phenols. 

s  been  stated  (p.  357)  that  the  introduction  of  further  [OH] 
es  into  phenol  rai5;e5  its  nnliscptic  power,  hiii  also  its  toxic 
itant    action.     Resorcin  —  C«H*(OH)i   is   useful    as   a   dermal 

and  caustic;  Pyrogallol  is  so  toxic  thai  it  cannot  even  be  en- 
85  a  parasiticide,  for  which  purpose  it  has  been  introduced. 
\atlol,  however,  has  a  special  interest  on  account  of  the  methctti' 

iormation,  which  is  produced  to  some  extent  by  all  members 
g^rotip,  hut  most  intensely  by  it.  Concentrated  sohiti.^ns  acting 
d  outside  nf  the  bodv  produce  a  peculiar  insoluble  substance  — 
Hoi.  This  is  never  formed  in  the  body;  here,  and  with  dilute 
\s  in  vitro,  the  corpuscles  become  shrunken,  crenatcd.  and 
Med.  and  lose  most  of  their  hemogiohin.  The  lalter  is  partly 
1   into   methcmoglobin,     The   sywptoms  of  pyrogallol   poisoning 

the  most  part  consequences  of  this  process.  It  leads  to  icterus, 
*)bin-  and  methemogtobin-nria.  and  a  more  or  less  violent 
is,  if  (he  disorder  runs  a  slow  course :  or  cyanosis,  dyspnea, 
nvulsiotis.  if  the  course  is  rapid.  Tbe  treatment  of  poisoning 
e  symptomatic;  large  injections  of  normal  salt  solution  would 
cated. 

tfi'/  is  an  insoluble  derivative  of  resorcin  and  salicylic  acid, 
tended  for  the  same  purposes  as  resorcin.  Pyrocatechin  and 
kmon,  the  isomers  of  resorcin,  are  also  too  toxic  to  be  useful. 
Iter   haji,   however,   important   uses    when    formed    within    the 

itrsi    and    chimaphila    contain    a    glucosid,    arbutin,    which    is 

ily  excreted  unchanged,  but  is  split  when  it  comes  into  contact 

catarrhal    mucous   membrane,   with    the   production    of    hydriv 

an    efficient    antiseptic     These    plants    are    therefore    valuable 
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Uva  Ur»i  (U.S.  P.,  B.  ?.).— Bearbcrry.—  The  leaves  of  Arctosta- 
phylos  Uva  Ursi,  Ericaccic.  NortlnTii  Hemisphere.  Arbutin  and 
methylarbutin,  glucosids,  decomposed  by  water  and  emulsin  with  the 
production  of  hydroquinon.  Inactive  glucosid,  ericoltn,  urson.  consid- 
erable tannic  acid.  Dose:  2  to  4  Gm,  (15  to  60  grs.)  as  infusion  (,2 
Gm.  =30  grs.,  U.S.  P.). 

Fiuidextractum  Uva  Ursi  (U.S.  P.).— 3^  alcohol,  y^  gtycvrin.  Dose: 
2  c.c.  (30  TTi). 

Tinctura  Vv<e  Ursi  (B.  P.). —  Dose:  li  to  i  5. 

Ififusum  Uva  Ursi  (B.  P.). —  5%.  Dose:  15  to  30  c.  c.  (J^  to 
I   oz. ). 

ChimaphUa  (V.S.Pj.—  Pit^sisseuHi;  Prince's  Pine.^The  leaves  of 
Chimaphila  umheltata.  Ericace;e  North  America.  Also  contains  tan- 
nic acid  and  arbutin.     Dose:  as  for  uva  ursi. 

Fluidextractum  Chimaphilte  ( U.  S.  P. ) . —  One-half  alcohol.  Dose: 
2.0  to  8.0  c.c.   VA  to  2  drachms)   (j  c.c.  =  30  r\.,  U.S.  P.). 


I 


IV.  Creosote  Group. 

The  empyreumatic  products  of  the  distillation  of  wood  —  the  smoke. 
and  the  creosote  and  tar  which  may  be  condensed  from  it, —  possess 
very  consideraMc  antiseptic  power.  They  consist  indeed  of  a  mixture 
of  coal-tar  derivatives.  The  most  important  of  these  products  from  a 
therapeutic  standpoint  is  creosote,  the  variety  which  is  obtained  from 
beech-wood    being   particularly    valued.     Its   principal    constituents   are 

guaiacol,  GHkSh^'  ;  a»d  creosol,  C*Hi      CH».    The  action  of  ihcse 

OH  , 

compounds  could  be  largely  deduced  from  their  composition,  which  is 
similar  to  the  cresols.  They  should  be  more  strongly  antiseptic  and 
antipyretic,  but  less  irritant  and  toxic,  than  is  phenol.  Th«  is  indeed 
the  case.  But  further  than  this,  clinical  experience  has  assigned  to 
creosote  and  its  constituents  certain  almost  specific  actions : 

1.  In  tuherculosis.  creo.sole  is  one  of  the  standard  remedies  (sec 
Index). 

2.  In  otiier  puUnonory  disease  (bronchitis,  pneumonia,  etc.)  it  is  simi- 
larly useful;  but  its  effect  in  this  case  is  greatest  if  it  be  administered 
by  inhalation,  where  the  local  antiseptic  and  stimulant  action  can  also 
come  into  play.  Absolutely  none  is  excreted  by  the  lungs  (Bufalini, 
ipo4).  However,  it  has  been  proven  that  creosote  increases  the  secre- 
tion of  mucus  (also  of  urine)  even  when  taken  by  the  mouth. 

3.  It  is  an  efficient  intestinal  antiseptic. 

4^  In  plenriiic  effusions,  it  hastens  the  absorption  of  the  exudate  whftl 
it  is  rubbed  into  the  chest. 

5.  An  antipyretic  aftitm  is  seen  particularly  with  guaiacol.  Ten  to 
fifteen  drops  of  the  saturated  alcoholic  solution,  nihbcd  for  ten  to  fifteen 
minutes  into  the  clean  and  dry  skin  of  the  aUlomen,  act  as  antipyretic 
This  action  is  not  seen  when  the  drug  is  taken  by  mouth,  perhaps  be- 
cause it  is  not  absorbed  sufficiently. 

6.  The  locai  anesthetie  action  is  also  utilized,  particularly  in  dentisiry. 
Materia  Medica  of  Creosote.— Creosotum  (U.  S.  P,  B.  P.),  Crciy 

sote. —  A  mixture  of  phenols,  chiefly  guaiacol  and  creosol,  obtained 
durin(if  the  distillation  of  wood  tar.  preferably  from  the  beech  (Fagus 
sylfatica,  Cupultfenc;  temperate  zone").  Soluble  in  140  water,  fortnins 
rather  turbid  solution.  Freely  Jn  alcohol.  Dose:  0.03  to  0.12  c.  c  <S4 
to  2  minims),  preferably  in  capsules,  on  full  stomach.  Mav  be  grad- 
ually raised  to  6  drops  if  it  is  well  borne  (0.2  c.c. ^3  ffl-,  U.S.  P.). 


I 
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PrtporatioHs: 

Aqua  Creosoti  (U.S.  P.). —  A  \%  solution  in  water.  Dose:  4  to  15 
c-c.  {1  10  4  drachms)  (8  c.c  — 23.  U.  S.  P.). 

Mistura  Creosoti  (B.  P.). —  A  0.2%  flavored  watery  solution.  Dose: 
as  the  Wilier. 

i'ttgunt turn   Creosoti  (B.  P.).^io%. 

Guaiacol  (U  S.  P.).— C,H«{OH  )<  OCH,)  i  -.2.  This  constitutes  60 
to  Q0%  of  creosote  and  may  be  prepared  from  it  by  fractional  distilla- 
lion  or  synthetically.  A  crystalline  solid  or  colorless  fiuid,  nf  agreeable 
aromatic  odor  Sol.  in  S3  water,  i  glycerin,  all  proportions  of  alcohol. 
Dose:  0.12  to  0.6  c. c.  (2  to  10  TTt)  (0.5  c. c.  =  S  r|i.  U.S.  P.).  It  is 
used  locally  as  50%  solution  in  glycerin  for  swabbing  the  throat;  or 
with  glycerin  and  Tr.  lodi  for  inunction  in  effusions.  Its  only  advan- 
tage over  creosote  lies  in  its  more  constant  composition. 

■  Creosol  would  be  more  valuable,  but  its  higher  cost  has  precluded 
its  common  use. 

Creosote  Substitutes.—  Creosote,  and  the  pure  principles  possess  a 
number  of  undesirable  properties.  They  arc  quite  toxic,  after  the 
manner  of  carbolic  acid,  producing  convulsions  and  collapse  in  large 
doses,  the  convulsions  being  most  pronounced  in  cold-blooded  animals. 
Guaiacol  (but  not  its  carbonate)  causes,  in  very  large  doses,  the  ap- 
pearance of  an  undetermined,  very  viscnus,  suhstriru'e  in  the  tiriiie, 
which  is  supposed  to  be  capable  of  obstructing  the  uriniferous  tubules. 
The  insolubility  and  the  disagreeble  taste  of  these  drugs  are  also  very 
undesirable. 

The  irritant  properties  of  creosote  and  the  gastric  derangement  which 
it  thereby  produces  are  important  objectious  to  its  use  in  diseases  like 
phthisis,  in  which  a  good  digestion  is  perhaps  of  equal  importance  to 
pulmonary  antisepsis.  In  the  endeavor  to  obviate  this,  a  number  of 
preparations  have  been  introduced. 

I.  The  most  useful  results  have  been  obtained  by  producing  acid- 
esters  of  these  compounds,  the  most  important  being  the  carbonates  nf 
guaiacol  and  of  creosote.  As  explained  under  salol  I  p.  .164)  such  com- 
pounds are  themselves  inactive;  they  become  active  only  when  decom- 
posed into  their  constituents.  In  this  way  the  antiseptic  is  liberated 
but  slowly;  its  action  extends  over  the  entire  intestine,  but  the  amount 
which  can  be  liberated  at  any  lime  is  too  small  to  be  cither  irritant 
or  toxic.  The  creo.sote  esters  are  decomposed  even  more  slowly  than 
salol.  and  indeed  only  through  putrefactive  bacteria.  They  will  there- 
for only  become  active  where  their  action  is  required;  an  excess  will 
pa5.s  the  intestine  unabsorhcd  As  much  as  6  dm.  of  Guaiacol  car- 
bonate have  been  given  to  phthisical  patients,  as  much  as  75  Cms.  (2^^ 
ounces!)  to  dogs,  without  producing  toxic  symptoms.  With  these  large 
doses,  a  great  deal  of  the  substance  is  passed  in  the  feces,  without 
having  undergone  decomposition.  The  urine  is  darkened,  but  this  has 
no  practical  significance. 

These  compounds  are  very  sparingly  soluble  in  water,  more  readily 
in  alcohol,  and  in  oils  (a  combination  with  codliver  oil  often  is  useftd). 
They  are  usually  administered  either  in  capsules,  or  as  emulsions  (2 
or  3  parts  of  acacia  to  t  part  of  drug).  They  may  lIso  be  taken  in  an 
cgT?.  In  their  administratiott  the  practice  is  to  begin  with  very  small 
doses  10.2  to  04  Gms. —  .^  to  6  grains  or  drops)  — taken  three  times  a 
day.  %  hour  after  meals.  The  dose  is  increased  somewhat  every  second 
day.  until  ihe  full  therapeutic  eflfcct  is  obtained,  and  is  then  kept  at  this 
pomt  (usually  25  drops  a  day).  Persistence  in  the  treatment  is  essen- 
tial to  it»  success. 

Since  the  liberated  creosote  or  guaiacol  are  the  active  portion  of 
these  compounds,  the  acid  with  which  they  are  combined  i^  absolutely 
immaterial.  The  carlwnic  acid  esters  are  the  cheapest  and  contain 
1—24 
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iht  largest  percentage  of  active  principles,  and  therefor  deserve  the 
preference  which  haft  been  universally  accorded  to  them.  Similar  com- 
poimdii  have  been  prepared  from  all  other  phenols  —  from  thjinol, 
menthol,  etc. 

GuaUcoli  Carbonas  (U.S.  P.)  (Duotal).— iCM*(OCH,)0)^0; 
obtained  by  the  action  of  carbonyl  Vhlorid  on  sodium  guaiacobtr 
White,  crystalline  powder,  almost  tasteless  and  odorless;  contams  91** 
of  guaiacol.  In&ol.  in  water,  sol.  in  48  ale.  Dose:  i  Gm.  =  15  gr 
(U.  S.  F.)  in  powders. 

^  Creoscti  Carbonas  {Crcosotal)^  prepared  in  a  similar  manner  di- 
rectly from  creosote.  It  is  a  thick  oil,  insoluble  in  water,  retaining  the 
odor  of  creosote.  This  constitutes  an  objectionable  quality,  alihuugb 
this  compound  is  otherwise  superior  to  the  duotal.  It  corresponds  to 
92%  of  creosote. 

Compounds  obtained  by  the  use  of  other  acids  are  Phosfihotot:  creo- 
sote phosphite;  Tauasoi:  creosote  lannate;  Siyrocol:  cimiamate;  Bfvt^ 
sojoi:  benzoaic  (54%);  Salicylate,  Oleate,  Geosot:  valerianate;  Guaia- 
socol  is  a  diethyl-glycocoll  compound. 

2.  By  substituting  OGHs  for  the  OCH.  of  guaiacol,  the  substanc* 
Gi*QCthol  is  obtained.  Its  action  docs  not  differ  from  that  of  guaiacoi, 
whilst  its  preparation  is  much  more  expensive. 

By  substituting  another  OCHi  for  an  H  of  guaiacol  there  results  tbc 
substance  I'cratrol,  which  is  almost  inactive,  since  the  fOHJ.  whidi 
carries  the  action  of  the  whole  group,  cannot  be  regenerated  froni 
this  compound.  The  same  is  true  of  the  glycerin-ester,  Guiamat. 
Replacing  an  H  of  the  OCH.  of  guaiacol  by  COjH  yields  tJnaio/Win. 
which  is  also  inactive,  from  the  same  reason. 

3.  A  compound  of  a  different  class  is  obtained  by  substituting  fiulpbo* 

OH 
nic  acid  for  an  H  of  OH*  of  guaiacol :    GH*      OCHi,    The  potasdun 

SO.H 
salt  of  this  is  known  as  thwcol,  the  calcium  salt  as  guaiacyl 

Thiocol  differs  from  the  other  creosote  derivatives  in  being  soluWf 
in  both  water  and  alcohol.  Even  this  quality  loses  in  value,  for  tli* 
drug  has  a  markedly  bitter  taste.  But  a  yet  greater  objection  is  that 
the  action  is  weak  and  uncertain.  Otherwise  it  possesses  the  sainr 
properties  as  gnaiacol-carbonate.  It  is  a  fine  white  powder,  contaimflf 
60%  of  guaiacol.    Dost':  i  Gm.  a  day,  raised  gradually  to  3  Cms. 

4.  Bv  combination  with  formaldehyde  are  obtained  Krcosoform  9i^ 
Guaiaform.  The  objcctiuiiable  features  of  guaiacol  are  in  no  waytnodi- 
ficd  in  this  combination,  "iince  the  [OH]  is  not  covered.  They  ut 
quite  irrational. 

5.  Compounds  of  different  composition  have  been  suggested  as  «*■ 
stitutes  for  creosote.  These  lack  its  most  desirable  qualities,  «hi»s* 
they  are  not  devoid  of  its  undesired  actions. 

A  cresol  solution.  Solveol.  has  been  used.  Whilst  it  shares  mjiw  6' 
the  actions  of  creosote,  it  is  in  every  way  inferior. 

A  number  of  volatile  oils  and  stercoptcns  consist  of  phenols.  The 
most  important  antiseptic  of  tliis  type  is  thymol.  On  account  of  '*• 
''clean"  taste,  this  is  a  frequent  addition  to  antiseptic  mouth  washe* 
and  gargles.  Tt  also  finds  some  uses  in  the  laboratory,  since  it  dice)'* 
putrefaction  without  greatly  altering  ferments  or  protcids.  Its  toxici^ 
after  absorption  is  about  a  fourth  of  that  of  phenol,  but  only  a  stfoSi 
proportion  is  absorbed.  It  has  been  used  against  anchylostoma  6^ 
denale  (2  Gm.,  repealed  in  two  hours,  and  followed  bv  Castor  Oil). 

Thymol     (U.S.P.,     B.  P.).— CHUCH.)  (OH)  (CHr)     1:3:4:* 

*  Not  ofBdal. 


TAR. 
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phenol  (stereoptene)  occurring  in  the  volatile  oil  of  Thymus  vulgaris, 
Carum  Ajowan,  and  some  others.  Large  colorless  crystals,  of  peculiar 
odor.  Liquifies  when  triturated  with  camphor,  menthol,  or  chloral. 
Sol.  in  1,100  water,  freely  m  ale.  Dose:  0.05  to  i.o  Gm.  (i  to  15  grs.) 
(0.125  Gm.  =  2  grs.,  U.  S.  P.).    Locally  as  saturated  aqueous  solution. 

Liquor  Antisepticus  (U.S.  P.). —  A  mild  antiseptic,  containing  in 
t.000:  20.  Boric  acid;  i.  Benzoic  acid;  i.  Thymol:  0.25  Eucalyptol ;  0.5 
Oil  Peppermint:  0.25  Oil  Gaultheria;  o.i  Oil  Thyme;  250  Alcohol.  A 
number  of  proprietary  mixtures,  e.  g.,  "  lislerin,"  have  a  similar  com- 
pos-iiion. 

Crude  Natural  Mixtures  (Tars). — ^Tlie  following  deserve  mention: 
Pix  Liquida  (U.S.  P..  B.  P  )  [!'ix  Carhoms  Prtcparata,  B.  P.J.— 
pine  Tar. —  An  aromatic  oleorc^in  obtained  by  the  destructive  distilla- 
tion of  pine  woods,  particularly  that  of  I'inus  palustris,  Coniferw, 
United  States.  Dosf:  0.5  Gm.  =  7,'4  grs.  ('U.S.  P.).  Sohible  in  alco- 
hol or  oils;  only  partly  in  water.  Tar  consists  of  a  mixture  of  resiiiou.i 
and  volatile  principles.  When  it  is  subjected  to  redistillation,  it  can 
be  separated  into  a  fixed  portion, —  pitch, —  consisting^ mainly  of  rosin; 
and  a  volatile  portion  which  separates  into  Oil  of  Tar  {Olfutn  Picis 
J^i^iuidfS,  U.S.  P.)  and  pyroligneous  (crude  acetic)  acid.  The  oil  of 
tar  consists  of  various  coal-tar  derivalivcs,  mainly  Cresols,  Guaiacol, 
PhcnnI,  Xylol,  Toluol,  and  Pyrocatechin.  It  also  contains  methyl 
alcohol  and  acetone.     Dose:  02  c.  c.  =  j  T[[.   (U.S.  P.). 

Tar  is  used  cxWrnaliy  as  antiseptic,  parasiticide,  and  counterirritant, 
in  ihc  form  of: 

Une.uvnt%im  Picis  Uquidtr  (U.S.  P.,  B.  P.). —  50%.  in  yellow  wax 
2ind  Urd. 

intemally,  it  is  used  in  bronchitis,  like  creosote,  and  as  an  ex- 
j>cctorant,  most  usefully  as: 

SyrupHS    Picis   Liquid(V    (U.S.  P.). —  Dost:    4    to    15    c.  c.    (l    to    4 
^drachms)    (4  c.  c.  =  i5  U.  S.  P.). 
•KiMiim  Picis,  N.  K. 

*  Empyroform  is  a  formaldehyd-tar  compound.  It  is  an  insoluble 
"fmown  powder,  which  is  used  as  an  ointment  in  the  place  of  tar  in  the 
X  Tcaiment  of  skin  diseases.  Its  main  advantage  lies  in  the  absence  of 
odor. 

Olettm  Cadinum  (U.  S.  P.,  B.  P.)  (Oleum  Juniperi  Empyreumati' 
^mm). —  Oil  of  Ca</c.— The  tar  obtained  from  Juniperus  Oxyccdrus. 
Conifer*,  Mediterranean.  Used  externally  like  tar,  having  a  less  un- 
^'cisant  odor. 

V.  Coal  Tar  Dyes. 

The  striking  phenomenon  of  bacteria  and  tissues  "  fixing"  stains, 
•''^l^csted  the  somewhat  crude  idea  that  this  must  be  connected  with 
^  ^rxcific  toxicity  to  such  bacteria.  This  is  by  no  means  the  case. 
^"liseptic  and  coloring  power  are  two  very  distinct  properties,  which  may 
"n<i^.^(j  he  coexistent,  hut  which  arc  in  no  way  interdependent.  These 
^y^j^,  belonging  to  the  coal-tar  group,  share  in  the  general  antiseptic 
^^•»«^n.  But  the  coloring  power,  which  was  the  original  impetus  to 
JJj^^T-  employment,  interferes  with  their  usefulness.  The  staining  of 
***^  urine,  the  linen  and  bandages,  the  hands  of  the  operator,  etc.,  are 
^^■~y  undesirable.  To  this  comes  the  fact  that,  when  prepared  as  dyes, 
tncy-  are  often  so  impure  as  lo  be  unfit  for  medicinal  use.  Yet  con- 
*^.*'*^>n  nf  the  dvc  and  the  medicinal  drug  is  far  from  nncommon,  e.  g., 
■Ll?  Methvlen  Blue. 
^*^«thylthionin«    Hydrochloridum     (U.  S  P. )  —Methylene    Blue 


*^rr». 


<iicinal)    {not   to  be  confused  tvith    meth\i  fr/«f.'V— CmH,«NiSC1 


^*<lily  5ol.  in  water  or  ale.    Dose:  0.02  to  O.25  Gm.  (Vi  to  4  grs.)   (0.25 
^*Qdy  Malvria  Mcdica  Lnton  jo. 
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Gm.  ^4  grs^U.  S.  P.).    Externally,  in  o.S%  solution  for  mucous  mem- 
branes ;  in  2%  for  skin. 

The  drug  has  been  used  considerably  as  an  analgetic  and  antipyretic 
in  neuralgia,  neurites.  and  sciatica;  as  an  antipyretic;  in  cj'stiti*, 
urethritis,  cmijunctivilis,  and  in  skin  diseases ;  as  an  antizymotic  in 
malaria.  It  paralyzes  ihe  malarial  pla*;modia  even  more  powerfully  than 
does  quinin,  but  in  practice  it  has  not  proven  a  very  useful  sub>titute 
for  the  alkaloid.  It  sometimes  produces  gastro-intcstinal  irritation, 
vesical  spasm,  and  excessive  diuresis.  It  is  sometimes  used  as  a 
diuretic, 

*  Furhsin  is  quite  strongly  antiseptic,  and  very  little  toxic,  but  has 
not  been  greatly  used. 

*  Pyokla»h,u,„  Cwruleum  (Methyl  Violtt)  )  ^*'',"'?",^*  f  ."l^JC!",*: 

The  methyl-violet  is  the  stronger  antiseptic  and  the  less  toxic  (Still- 
ing, i8qo).  It  has  also  been  used  in  inoperable  malignant  tumor,  it 
being  claimed  that  it  causes  the  neoplasm  to  disappear. 

*  Addttm  Picricum  — Picric  Acid.—  Trinilropkcnoi.  CHt.(  NO,)»-OH. 
Preparation:  Nitration  of  Phenyl-sulphuric  Acid  by  Nitric  Acid.  Yel- 
low cr>'stallinc  powder  of  very  bitter  taste,  soluble  in  go  parts  water. 
more  readily  in  alcohol.  The  walery  solution  stains  organic  substances 
an  intense  ye!lo^^•.  Now  obsolete  in  medicine.  Whilst  it  is  quite 
strongly  antiseptic  and  anesthetic,  it  is  very  toxic.  It  absorbed,  it 
destroys  the  red  corpuscles,  and  produces  nephritis,  convulsions,  and 
death  through  paralysis  of  respiration. 

Bencosulphonidum  {Saccharin )  :  This  substance  (sec  Index)  acts 
as  a  protoplasmic  poison  and  restrains  all  ferments,  especially  the 
salivary  and  pancreatic,  and  probably  the  oxidations  within  the  bcnly. 
Large  doses  cause  headache,  depression,  stupor,  convolsioiis.  and  nephri- 
tis. It  is  promptly  and  completely  excreted  unchanged  (Mathews  and 
McGuigan,  1905). 

VI.  Salicylic  AaD  Group, 

The  salts  and  esters  of  salicylic  acid  are  practically  inactive  outside 
of  the  body:  at  least,  their  antiseptic  action  is  insignificant.  Sys- 
Icmic.tlly.  however,  they  produce  equal  effects,  the  salic>'lic  acid  being 
lilicraled  by  the  carbonic  acid  of  the  blond.  The  free  acid  is  markedly 
aniiseptic. 

Actions.^  The  effects  of  salicylic  acid  diflFer  from  those 
of  phenol  by  a  lesser  action  on  the  central  ncn'ous  system. 
The  convtdsive  action  is  almost  absent,  and  the  collapse  ac- 
tion iniich  weaker  than  with  carlx>lic  acid.  The  autipyrclic 
and  analgesic  effects  are  nmre  conspicuous.  The  antiseptic 
effects  differ  from  those  of  phenol  by  the  lesser  penetration 
on  account  of  the  non-volatile  nature  of  the  substance.  Tlic 
irritant  effects  are  weaker,  except  in  the  case  of  the  free  acid. 
However,  all  salicylates  have  a  nanscant  taste  and  pnwlucc 
considerable  gastric  irritation. 

Large  doses  sometimes  cause  abortion.    They  are  therefore  conlm-in- 

dicated  in  pregnancy. 

Injected  intravenously  into  animals,  methyl  and  ethyl  salicylates  cause 

pulmonary  edema  through  injury  to  the  capillary  walls. 

•  Sot  official. 
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Salicylates  increase  the  flow  and  secretion  of  biU.  They  are  slightly 
diurftic,  p^irhaps  through  renal  irritation.  The  excretion  of  sulphates, 
of  mtrogt'tt,  and  especially  of  uric  acid  is  increased,  to  such  a  degree 
that  it  must  be  attributed  to  an  increased  destruction  of  proteids,  and 
not  simply  to  the  diuresis.  According  to  Hall  (1904)  the  excrciicn  of 
endogenous  puriiis  is  increased,  not  by  increased  production,  but  by 
lessened  dcslructton.  (The  increase  of  uric  acid  excretion,  which  was 
claimed  for  benzoic,  salicylic  and  quinic  acids  (\Veiss»  i8y8),  has  not 
been  confirmed  by  sonic  recent  ubscrvers  (Hupfer.  igoji ;  Tahavall  and 
Gies,  tQOj).)  Salicylic  acid  does  not  affect  the  absorption  of  fat  or 
proteids.  The  leucocytes  of  the  blood  arc  doubled  an  hour  after  taking 
salicylates,  but  return  to  normal  within  two  hours,  The  ejccretton  of 
salicylic  acid  is  usually  completed  in  ^5  hours.  Large  doses  color  the 
urine  green.     For  the  fate  of  the  acid,  see  below. 

The  distribution  of  salicvhc  acid  m  the  body  is  extensive.  Traces 
are  present  in  all  organs,  but  the  K^eatcst  quantity  is  found  in  the 
blood  and  joints,  especially  in  infected  animals  (Bondi  and  Jacoby, 
1905I. 

Poisoning  by  salicylates  is  rare ;  the  cinchonism  indicates  sufficiently 
when  the  administration  has  been  carried  far  enough.  The  treatment 
is  entirely  symplomatic.  No  bad  effects  have  ever  been  referable,  with 
certamty,  to  the  use  of  salicylic  acid  as  a  food  pre serz'a five;  but  it  is 
not  improbable  that  such  exist 

Therapeutic  Uses. —  The  salicylates  are  tiscd  priticipally  in 
acute  articular  rheumatism,  where  their  eflfect  is  so  specific 
that  they  have  a  diagnostic,  as  well  as  a  therapeutic  value. 
They  allay  the  jjain.  fever  and  swelling  almost  immediately, 
when  they  are  administered  in  «.ufficient  quantity.  They 
have  no  effect  on  the  course  of  tlie  enilocarditis  if  this  has 
started  l)efore  the  salicylates  are  heji^un.  Tliey  are  nearly 
as  effective  in  acute  muscular  rheumalisiti.  Tn  chmnic  rheu- 
matism they  are  ])ractically  useless.  Salicylates  are  also 
used  against  headache  anrl  as  antipyretic.  Free  salicylic 
acid  is  an  efficient  preservative.  Its  softening  action  on  the 
epidermis  is  utilized  in  skin  diseases  (ointments)  and  in 
**  corns  "  (dissolved  in  collodion). 

Administration. —  For  intcrnol  use.  the  free  salicylic  acid  is  too  irri- 
tant. The  sfidinm  salicylate  is  the  most  commonly  vised,  notwith- 
standing its  mawkish,  nauseant  laste.  This  may  be  partly  disRuised 
by  giving  (he  salt  in  carlmnaled  water,  or  by  the  addition  of  glycerin 
<4  parts  of  this  to  each  of  the  salicylate),  flavoring  with  peppermint  or 
wintergreen  water. 

To  be  effective  in  acute  rheumatism,  large  doses  must  be  arlminis- 
trred:  t  to  tj  Cm.  (15  to  20  grains)  should  he  given  every  hour,  until 
the  ears  ring  (requiring  a  total  of  13  tn  jo  Cms,  200  to  300  Kr;tiiis; 
this  often  causes  some  delirium).  The  administration  should  then  be 
slopped  for  twelve  hours.  After  this,  1  Gm.  (15  grains)  should  be 
given  every  four  hours  for  several  weeks,  keeping  the  patient  in  bed 
a!^  long  as  possible.  As  a  prophylactic  treatment,  i  Gm.  (15  grains) 
may  be  given  three  times  a  day  for  a  week  in  every  month. 

Tf  the  sodium  salicylate  is  not  tolerated,  oil  of  gaultheria  or  aspirin 
may  be  substituted.     Somewhat  larger  doses  will  be  required.     Oil  of 
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?;auUhcria  also  gives  some  relief  when  applied  externally  \o  lite  af 
ected  joints.  (U  ihcsc  esters  are  also  objectionable,  recourse  must 
be  had  to  the  much  less  cflficieiu  aiuipyrin»  i  to  2  Cm.,  three  umes 
per  day.) 

In  very  severe  cases,  the  mtravrtu)us  injection  of  sodium  saliqriate 
may  be  justified.  Mendel  (1005)  uses  2  c.  c.  of  a  solution  containini^ 
16*^  of  the  salicylate  and  4%  of  caffcin,  every  twelve  hours  for  three 
days. 

Salicylic  Acid  Derivatives. —  The  disagreeable  qualities  of  the  sili- 
cylates  depend  mainly  upon  their  local  irritant  action,  and  consist  in 
a  nauscant  taste  and  m  gastric  irritation.  Vomiting  may  ensue,  and 
render  their  use  impossible.  Cinchonism  may  also  set  in.  These  fni- 
turcs  may  be  rem<jvcd  by  the  nse  of  msulublc  compounds  which  arc  in- 
active as  such,  but  from  whicli  salicylates  are  slowly  split  off  in  die 
intestine.  The  firsi  synthetic  compound  of  this  kind  to  be  use<i.  ri^ 
Sahl.  This  is  not,  however,  ideal,  for  the  liberated  phenol  exerts  its 
own  action,  which  is  too  powerful,  when  only  the  salicylic  acid  AClion 
is  wanted.     The  combination  with  inactive  radicles  is  then  much  mort 

OH 

useful.     A  compound  of  this  kind  is  methyt'Salicylaie .  C«H.<^q  q^^ 

which  exists  naturally  as  oil  of  wintergreen  and  as  oil  of  sweet-birch, 
but  which  is  also  prepared  synthetically,  the  last  being  the  least  im- 
tant.  Methylnxymcthylsalicylate  <  tnesotan )  is  a  similar  nrnduct, 
Another  natural  compound  of  this  order  is  Salicin,  a  gluco^m.  which 

OH 
on    decomposition    in    the    intestine    yields    Saligenin,    C,H,<pi|^Qpj 

(salicylic  a1cohol)t  and  this  is  readily  oxidized  to  salicylic  acid,    ^a/^- 

QjT  belonys  to  the  same  general  tjrpt 

phcn,  C.H*</-r\  r  \a  \!  \s  nr\ru       being  formed   bv  the  combination 

In  all  these  comp<iunds.  the  substitution  occurs  in  the  COiH  gr^u^ 
The  OH  may  also  be  replaced;  but  most  of  the  products  of  the  UtW 
class  regenerate  salicvlic  acid  so  slowly  as  to  be  useless.     Acetyl  S»li- 

P  M  O 
Q'lic  Acid  (.Ispirin)  C»H<<pQ  {,  Ms  a  notable  exception:  it  product* 

a  fair  systemic  action  with  a  minimum  of  local  irritation. 

Materia  Medica  of  Salicvlic  Acid.—Acidum  Salicyllcuin  (I*  SP-* 
B.  P.).— 6*a/iVy/(V  .-tcid.     CJ4.rOH)COOH  i  :  2. 

preparation:  {a)  Synthclically.  by  the  action  of  CO3  on  sodium  c»f' 
bolate,  according*  to  the  end-reaction: 

C,U.ONa  +  C0,  =  CJ4.<^^j^,g 

This  sodium  salicylate  is  decomposed  by  HCI.  .^-^ 

(h)  From  oil  of  wintergreen  (metHyl  salicylate)  by  saponificatirf'" 
with  an  alkali. 

It  i^  sometimes  claimed  that  the  salicylates  prepared  from  w 
green  are  much  superior  to  the  synthetic :  but  there  docs  not  t| 
to  be  any  strong  proof  of  this  assertion. 

Characters:  A  white,  light,  crystalline  powder  or  needle^*  of  a  iMttr 
ish  taste,  producing  snee/ing  when  inhaled.  Soluble  in  308  parts  w*i* 
or  2  parts  of  alcohol.  "  .— 

Uses:  Externally  as  disinfectant  in  mouth-washes,  etc:  for  deMf«^ 
ing  epidermis,  etc.  (corns')  ;  for  preserving  food  substances,  V$  lo6pitf' 
i.ooo'  Internally  it  has  been  replaced  by  the  salicvlates.  Dose:  05  C«^ 
=  y!/i  grs.   (U.'S.  P.). 

Vnguentum  Aeidi  Sah'cyHct  (B.  P.). —  2%. 

'  Salicylic   compounds  occur    nafurally   in   a   number  of    fniits,   »o   that 
presence  in  jams,   etc,   does   not   ncccuariljr   prove   that   ihcy  hart   hem   tMei 
preservatives. 
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oUodium  Saticyhtum  Compositum  (N.  F.),  a  corn  preparation. 
It  contains  ii%  of  the  acid.  Extract  of  Cannabis  ind.,  and  flexible  col- 
iodion.     It  is  applied  ai  night  and  the  corn  is  scraped  in  the  morning. 

Salicylates. —  White  powders  or  crystals,  turning  pink  on  exposure; 
di-iagreeahle  swccti>h  taste.  The  solmions  soon  .-icquire  a  hmwn  color. 
i^reely  soluble  in  water,  alcohol,  and  glycerin:  Strontium  salicylate  less 
so.  Dose:  0.3  to  2.0  Gm.  (.5  to  30  grs.j  U  Gm.  =  15  grs.,  U.S.  P.),  in 
solution. 

1  part  of  salt  is  soluble  in  water       alcohol 

Sodii  Salicylas  ( V.  S.  P.,  B.  P.).—  NaCrll.O. 08  SS 

AmftioHu  Salicylas  ( U.  S.  P.). —  NH«CtH»Oi 0,9  3.3 

Lithii  Salicylas  i U.  S.  P.).—  LiCHiO. Very  soluble 

Stronhi  Saiicylos  (U.  S.  P.)  — SrlGHsOOt 18.  66. 

Salicylates  arc  incompatible  with  acids. 

Salicylic  Eaters,— .Ui*f/iy/  Salicylate   (CH«.CjHiO.)  exists  in  three 

As  a  synthetic  product;    Methyl  Salicylas  (U.S.  P.). 

As  the  volatile  oil  of  Betufa  lenta:    Oleum  Beiula  Volatile  (U.  S.  P.). 

—  Oil  of  Sweet  Birch. 

As  the  volatile  oil  of  Gaulthfria  procumbctis:  Oleum  Gaultheria 
^  C  S.  P.).~  OH  of  li'intergreen. 

The  dose  of  these  is  0.06  to  i  c.  c.   ( i  to  15  minims)   ( i  c  c.  =  15  T\, 
^C_'.  S.  P->.     Sol.  in  all  proportions  of  alcohol;  very  sparingly  in  water. 

I'hey    arc   less    irritant   and    disagreeable,    hnl   nha   much    less   active. 
^^  ^an   the  sodium  salicylate. 

*  .-ispirin  (.Acetyl-salicylic  acid). —  White  needles,  acidulous  taste. 
A.  in  too  water.  Inconipat  with  alkalies.  Dose:  1  Gm.  Cts  grs.),  in 
»wders. 

Mesotan    (MethyloxymethyI-salic>lic   acid). —  Gear,   yellow,    faintly 

romatic  tluid,  almost  insoluble  in  water;  "^ol.  in  ale.  and  in  oils.    Readily 

bsorbed  by  the  skin   from  its  oily  solution.     It   is  u.sed  by  rubbing  a 

"^casijoonful  of  a  mixture  of  equal  pans  of  mesotan  and  olive  oil  into 

■«:  he  skin  at  the  site  of  the  rheumatic  pain   (Drcser,  1903). 

Phenylis  Salicylas   (Salot) — Sec  Index. 

•  Salophen  (Aceto-para-amido-salol). —  Colorless  crystals*  insoluble 
S  n  water,  soluble  in  alcohol.     Dose:  t  to  2  Gm.  (15  to  30  grs). 

Salicinum  (U.S.  P.,  B.  P.). —  C.iHt.O::  a  glucosid  derived  from  sev- 
^^ral  ?pccies  of  willow  and  poplar.  Soluble  in  Ji  parts  of  water  or  71 
'«=>f  alcohol.  Dose:  0.3  to  2.0  Gm.  (5  to  30  grs.)  (1  Gm.  =  15  grs., 
X^f.  S.  P.). 

VII.   OTHER  AROMATIC   ACIDS. 

We  have  just  seen  how  the  simultaneous  presence, of  OH  and  CO-H 
ogives  verv  valuable  antiseptic  qualities  to  the  benzol  ring.  For  this 
5:»urpose  the  two  gmups  must  be  in  ortho-position ;  the  para  and  meta- 
^sonacrs  being  inactive. 

In  Benzoic  acid,  there  is  substitution  of  COsH  alone.  This  com- 
'K:»otmd  (and  its  salts)  are  almost  devoid  of  antiseptic  or  toxic  qualt- 
■^  ics. 

Acidum  Benzoicum  (U.S.  P..  B.P.).— Ben::oic  .-fnW.— CH^COsH 
^*reparcd  by  treatment  of  Toluol  (C«H»CHO  with  Chlorin  and  heating 
"Xwith  water  to  i^o''  C,  or  by  sublimalion  of  Gum  Benzoin.  Soluble  in 
^aS  parts  of  water  and  1.8  parts  of  alcohol.  Dose:  0.5  Gm.  =j''j  grs. 
<U.  S.  P.).  Extenially,  as  ointments,  5  to  10%;  as  wash.  1%  (with 
addition  of  alcohol). 

TrochiscHs  Acidi  Bensoici  (B.  P.). —  Each  i4  grain. 

•Not  officiBl. 
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Bcnzoates. —  White  powders  or  crystals,  odorless,  sweetish  taste. 
Freely  soluble.    Dos^:  i  Gm.^  15  grs.  (U.  S.  P.) : 

I  part  soluble  in  water       alcohol 

Sodii  BensoQs  (U.  S.  P.,  B.  P.).— NaC.H»Oi 1.6  43. 

Ammonii  Bcnzoas  (U.  S.  P..  B.  P.).—  NH.CrH.O*. .. .  las  ^5- 

Lithii    Benzoas    (U.  S.  P.).— LiGH.O. 3-  13. 

Cinnamic  Acid,  C-H».CH  ^CHCOaH,  has  also  very  little  antiseptic 
jiciion  or  toxicity,  but  specific  qualities  arc  claimed  for  it  in  tuberculosis 
(sec  Index). 

*  Sodii  Cinnamas  (Hctol). —  Used  in  tuberculosis.  Formerly  given 
intravenously,  now  often  hypodcrmically,  3  to  30  c.  c.  per  day  of  a  4% 
solution,  continued  for  3  to  t>  months. 

TI»c  aromatic  balsani-s —  Balsam  of  Peru  and  Copaiba,  Styrax,  Tolu, 
Benzoin,  etc. —  also  owe  their  aelivity  largely  to  members  of  this  scries; 
benzoic  and  cinnamic  acid,  etc.     They  are  discussed  in  Chapter  XXIX. 


Vin.     NAPHTHALIN     DERIVATIVES. 


Naphthaiitt 


TTiis  compound  is  but  slichily 
antiseptic,  although  it  produces 
loxic  effects.  The  introduction  of 
OH.  forming  Naphthoi,  gives  it  an 
antiseptic  action.  Two  isomers  ex- 
ist: 


< 


ily       I 


OH 


The  alpha  is  far  more  toxic  and 
^s  not  employed  in  practice.  The 
beta  is  very  little  srthiblc  in  water, 
and  its  use  is  resirictcd  to  intes- 
tinal antisepsis  and  to  dermatol- 
ogy. Its  sodium  compoirnd 
CiMHiONa  is  soluble,  and  is 
known  as  Mikrocidin  The  hcla 
naplithol  possesses,  like  all  phenols,  some  irritant  properties,  which 
can  be  removed  by  replacmR  the  OH  by  acids,  producing  salol-like 
esters.  The  naphlhol  is  slowly  liberated  from  these  in  the  interline 
The  most  useful  ctnnpinind  nf  this  class  is  the  naphthol  benzoalr. 
CtHftCOj.CioHr,  known  as  bcnsonaf*hlhol.  This  also  causes  diuresis 
By   replacing  an   H   of  the  Ci«Ht  of  the   naphthol  by  the  oxytoluic 


00  CO 

Alpha.  Beta. 


OH 


CH. 


radicle,  an  acid   is  obtained,  CwH«<Xij   — OH,  which  is  known  as 

CO,H 
epicarin.     It   is   strongly  antiseptic,  but  little  irritant,  and  is  used  ex- 
ternally against  parasitic  skin  diseases. 

QuinoUn  is  strongly  antiseptic  to  bacteria  (although  it  has  no  aclionj 
on  yeast),  but  is  too  toxic  to  be  useful.     The  introduction  of  a  methylj 
r  other  alkyl  radicle  increases  the  antiseptic  power.     A  derivative  ha! 
n  introduced  under  the  name  nf  Oxychinast'ptnl  or  Diaphterin,  buj 
has  not  become  popular.     It  blackens  metallic  instruments. 
Materia     Medica.— Naphthalenvm     (L'.  S.  P/).— CoH.;     colorlei 
crystalline  powder,  insoluble  in  water,  sol,  in  13  ale:  coal-tar  odor 
hot   taste.    Dose:  o.i   to  0,5  Gm.    (2  to  7  grs.)    (0.125  Gm.  =  2 
US,  P.). 
Beta  Naphthol  (U.S.  P.)    \Naphthoi.  B.  P.].— C^HtOH;   resembj 
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naphthalin  in  physical  characters.  Sol.  950  water,  0.61  ale  Dose: 
0.2  to  i.o  Gm.  (3  to  15  grs.)  (o.aso  Gm.  =  4  grs..  U.S.  P.).  (The 
administration  of  this  substance  has  been  observed  to  produce  changes 
^  the  retina  and  opacity  of  the  lens.) 

■  Bensonaphthol. —  A  while  crystalline  jiowder,  free  from  odor  or 
^te;  insoluble  in  water,  sparingly  in  alcohol.  Dose:  5  Gnis.  (75 
*u.)  per  day.  in  divided  doses  of  0.5  Gm.  (8  grains)  every  two  hours, 
*5  powders, 

'  EluVofrn. —  Colorless  or  yellowish  needles,  vcrv  little  soluble  in 
water,  easily  in  alcohol  or  oils.  Used  in  10  to  20%  ointment;  or  in 
10  to  50%  alcoholic  solution. 


IV.  FATE  OF  THE  COAL-TAR  DERIVATIVES  IN  THE  BODY. 

77)e   aromatic  compounds   tend   to    undergo  oxidation   in    the   body; 

*ot    this  affects  in  almost  all  cases  the  hydrogen  atoms  or  side-chains 

Jn/>-,     icaving    the    carbon    atoms    of    the    ring    intact,    and    preserving 

'"e   form  of  the  latter.     This  results  in  hydroxyls  or  acid  groups.    These 

/'Ch'      oompounds    again    enter    into    combinations, —  those    containing 

'^ydrox.yX  groups  with  solphuric  and  glycuronic  acids;  those  containing 

^^*<i     radicles  with  glycocoll.     A   few   formulas   wilt  illustrate  this: 


^-"•-•-0,-C.H,    5{I|CeH,    gq-f  H,SO,=CeH,   pl3o,+H.O+0 

^^"^t^l.  Dioxybcnzol  Phenol-sulfyhuric 

Add. 
^-^•-<=:^H  +  nCO..(CH.OH),.COH=C«H^CO,,(CH.OH),.COH  +  H,0 

*  «o»-»  ^]  Glycuronic  Acid.  Phcntil-glycuronic   Acid. 

HGHbO.  +  CtH.NO,=  HC,H.NO.  +  H.O 
Salicylic  Acid.  Glycocoll.       Salicyluric  Acid. 
HCHsO,  +  aH.NO.—  HC.H.NO,  +  H,0 
Benzoic  Acid.  Hippuric  Acid. 

form^^*"'  arc   considerable    differences    in   detail:   other    products   are 

^^      ^^  aJong    with   those   given,   such   as  hydrochinon,   pyrocaiechin, 

j^      ^^^hose    oxidation    products    give    rise    to    the    characteristic    dark 

i^y^  ^     <^i  the  urine.    These  products  have  not  been  thoroughly  studied, 

_^-..  ^T^mc  are  closely  related  to  humin.     (Picric  acid  gives  the  urine  a 


b 


r  red  color;  Walko,  1901.) 


*^Vi€  frtrmation  of  these  combined  acids  is  of  considerable 
\  ^5^tical  importance.     They  are  much  less  poisonous.  an<i 


th^j. 


wh 


production  is  in  that  measure  a  protective  mechanism. 


of 


^s«  efficiency  can  be  increasefl  bv  the  administration  of 
.  ^*^«  poisoning^.     The  phenol  sulphates  do  not  iirecipitate 


^^l:>le  stilphates.     They  also  form  an  inde.x  to  the  gravity 


with 
tsrn 


barium,  and  hence  sn  long  as  the  nrine  j^ives  a  precip- 
"with  the  latter,  it  is  a  certain  indicatifin  that  the  org^an- 


-  Js  able  to  cope  with  the  poison.      Bnt  when  the  precipe 

,  ^^   becf)mes  very  small  or  dis;ip]>ears.  the  sodium  stdpliate 

'-^'■ild  be  pushed  rapidly,     These  compounds  also  reduce 

^l>^r.  and   may  therefore  be  mistaken  for  sugar.     The 
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reduction  usually  occurs  only  after  standing  some  time,  if  it 
is  due  to  these  compounds. 

The  principal  drugs  which  causf  the  appearance  of  redudng  sub- 
statues,  not  sugar,  in  thi'  urine  are:  Turpentine,  chloroform,  chloral, 
phenacetin.  saccharin,  salicylic  acid,  bal&ams. 

V.  METHEMOGLOBIN  FORMATION.' 

In  describing  the  coal-tar  products,  wc  have  fre(|ucntly  had  occasion 
lo  mention  the  formation  of  metliernoglobin  by  them. 

Methemoglobin  has  the  same  elementary  composition  as  oxyhemoglo- 
bin, but  the  two  differ  verv  essentially  in  certain  of  their  properties; 

I.  The  spectrum  (sec  Fig.  79).  The  color  of  methemoglobin  hu 
more  of  a  brownish  tinge. 


^  a.   B  C  i? 


Green. 


JP* 


Blue. 


If 

^^^^■^ 

\m 

H 

in 

^^^^^^y 

■i 

^^^^^^^^^1 

Offh. 


^6. 


TfUtSh 


mdik. 


Fig,   ^*}.—  Spectroscopic   baml   of  blood  pigtnenls. 


2.  In  the  readiness  with  which  ihey  give  up  oxygen.    \VhiUl  **\4' 
oxyhemoglobin  is  a  very  unstable  compound,  giving  up  it*  oxygen  J»^ 
taking   it  again,   with    great   readiness,   methemoglobin   is   a  compir^ 
lively  stable  and  unchangeable  compound. 

3.  In  their   bchavinr   to   certain   reagents.     For   instance,   HCN  fio 
not  form  any  characteristic  compotmrl   with  nxy hemoglobin,  but 
(he   mcthemogliibin    it    gives    cyanmelhemoglobin.     Similar   compoc 
are  formed  with  HsOj,  sulphocyanids.  and  many  other  salts,  and 
with  alkalies. 

Methemoglobin  may  be  formed  from  oxyhemoglobin  in  qtiite  a  wOf' 
bcr  of  different  ways: 

1.  By    oxidizing   agents:      KO0»;    Pol.    ferricyanid;    Pot   pw 
ganate.  H3O3.  etc. 

2.  By  reducing  agents:  The  nitrites,  hydroxylamin.  formalin,  knlK- 
chrj'sarobin,  etc.;  coal-tar  prodticts.  ( Pnenylhj'drartn  also  gix-c*  re- 
duced hemoglobin,  and  destroys  some  of  the  hemoglobin  absolutely, 
producing  a   new  compound   which,  under  certain  conditions,  yieliU  » 

1  Kxerci«c    >i.     Tor    Bitliography.    see    Bcnedicenti,    Archiv    Rkr    PliiTwbpb 

J897.   P-   3\0. 
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loverdin.    The  precipitation  of  hemoglobin  by  pyro- 
llol  in  shed  blood,  has  been  mentioned  previously.) 
J.  In  ihc  early  stages  of  putrefaction,  and  by  the  action  of  light. 
(.   By  salts  and  Rlycerin. 
y  By  acids   (this  has  recently  been  denied*. 

rhc  methemoglobins  formed  by  these  different  methods  were  formerly 
n^idercd  identical.  Lately  it  has  however  been  demonstrated  that 
•if  spectra  show  certain  diflfcrences. 

Ihc  physiologic  significance  of  this  methemoglobin  formation  rests 
ihc  st.-ibilit>  of  the  compound  and  its  consequent  inabihty  to  carry  out 
t  functions  of  oxyhcmuglohin.  This  produces  asphyxia  of  the  lis- 
ts. Pure  methemoglobni  solutions  may  be  injected  into  the  blood. 
thoui  cauiinp  any  symptom?.  Even  the  urine  remains  free  from 
mmin  or  methemoglobin.  The  compoimd  is  in  part  secreted  by  the 
c,  in  part  deposited  in  the  hematopoietic  organs. 

Nor  is  the  temporary  conversion  of  a  considerable  proportion  of  the 
yhrtnf»gKibin  into  its  isomer  of  great  significance:  for  methemoglobin 
not  absolutely  stable,  and  as  soon  as  the  oxygen-starvation  of  the 
«ues  IS  c;irricd  to  a  certain  degree,  they  scixe  upon  the  mcthemoglo- 

I  and  deomptise  it.  The  conversion  of  a  third  of  the  lumoglohin 
to    methemoglobin    causes    only    very    slight    symptoms:    and    life    is 

II  pn^iihle  when  three-fifths  of  the  liem<)g|<ibin  has  been  replaced. 
fr    h.- o.inr^   cxtiuct    whcu    the    hemnglobin    has    sunk    to   one-third. 

;i  can  therefore  become  dangerous  only  if  the  mclhem- 
'  '  continues  its  action.  This  does  n«>t  occur  in  thera- 
-unc  tlijsts  of  any  of  these  drugs,  but  may  contribute  to  the  fatal 
iding  in  cases  of  poisoning.  The  symptoms  are  those  of  asphyxia. 
Vtc  is  a  peculiar  blue  about  lips  and  finger-nails,  etc.  The  metficm- 
gltibm  tiradiially  returns  to  oxy-  or  reduced  hemoglobin  after  death, 
y  that  an  examination  after  several  days  may  fail  to  reveal  its  pres- 
ic«. 

M.,*r  ..f  ih.^p  drugs  transform  the  hemoglobin  inside  of  the 
;  injuring  the  vitality  of  the  latter:  but  some  cause, 
iKmg  up  of  the  corpuscles,  and  thi.s  greatly  increases 
j^HUitgcr.  Aside  from  the  a-^phyxia  which  must  be  proportioned  tO 
Ifce  pr«teid  and  other  substances  liberated  cause  injury  to  the  kidney 
O""  ia.   melhcnioglnbinuria.  etc.     It  is  also  claimed 

n  formation  of  fibrin  ferment,  which  may  then 
u.ivascular    clotting.     The    debris    is    also    credited 
'i      But   thcie  facts  are  not  admittcfl  by  all  authori- 
Miicljon.  siKh  a<  may  be  caused  by  the  subcutaneotis 
!i,  certainly  has  no  permanent  injurious  eflTect. 
■n  of  the  dnig  is,  of  course,  joined  to  these  melhem- 
■ffccis.    and     may     entirely    overshadow     them.     Thus,     rab- 
[*1i^  of  KC10,  before  it  comes  to  any  methemoglobin   formation. 
Is  arc,  as  a  rule,  much  less  subject  to  the  formation 
'luring  life,  althougli  their  shed  blood  does  not  diflFer 
•  ^  '  Ti  that  of  carnivorous  animah.     The  cause  lies  per- 

in  r   allcvtiinity  of  their  blood,   for  it  has   Ijeen    found 

^' ■  ■■1'  't'ti    i5   much   more   easily   converted    back   into 

niection    of    alkalies    has    therefore    been    sug- 
I  of  methemoglobin.nemia-     Other  treatment  con- 
ui  the  admmistration  o(  Dxygcn.  artificial  respiration,  and  »hock- 

tgs  which  arc  important  as  methemoglohin-formcrs  are  for 
part  discussed  in  other  connections.  Nitrobcnsol  may  be 
here      It  has  some   toxicologic   importance  since  it  is  used 

rry  and  in  the  arts.     It  produce?^  the  asphyxial  effects  charac- 

metbcmoglobinxmia. 
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(C)  DISINFECTION. 

I.  GENERAL  CONSIDERATIONS. 

le   subject  of  disinfection   has  risen   to  such   imponance, 
may  be  well  to  summarize  its  principles   frum  a  pharmacologic  stand- 
point.    This   Mimniary  cannot  take  account  of  all  the  practical  details. 
for  which  the  student  i^  referred  lo  lexl-books  of  bacteriology,  surgical 
technic.  and  hygiene. 

Toxicity  and  Resistance. —  The  protoplasm  of  bacteria  is  fairly 
readily  injured  by  many  substances  and  by  physical  changes.  Tlic 
conditions  under  which  it  exists  arc.  however,  somcwlial  |>ecuHar: 
By  virtue  of  a  highly  impenetrable  cell  wall,  and  by  the  formation  of 
very  resistant  spores,  bacteria  are  able  to  survive  conditions  wbidi 
would  kill  other  cells.  Under  these  adverse  conditions  the  micn>or- 
ganisms  are  indeed  unable  to  grow  and  nndliply  ;  but  by  passnig  into 
a  dormant  state,  particularly  by  spore  formation,  they  are  able  lo  pre- 
serve their  vitality  for  a  considerable  time,  and  to  recover  their  power 
of  growth  as  soon  as  the  conditions  become  more  favorable.  Si)l>- 
stanccs  which  merely  suspend  the  vitality  of  bacteria  are  called  anh~ 
septics:  whilst  those  which  kill  them  outright  are  germteidt's.  A  tltird 
class  of  disinfectants  is  formed  by  the  deodorants,  which  obscnre  or 
destroy  the  odorous  bacterial  products,  but  which  have  little  action  on 
the  bacteria  themselves. 

Factors  Determining  Usefulness. —  The  nature  of  the  antiseptic 
substance,  or  the  strength  in  which  it  is  used,  arc  by  no  means  the  only 
factors  determining  its  efficiency  and  usefulness.  Among!tt  the  other 
more  important  factors  may  be  mentioned : 

1.  The  nature  of  the  wicro-orfianism. 
Saprophytes  arc   more   resistant   than   pathogenic  bacilli;   ToiCTOCOCcl 

than  either,  and  spores  most  of  all. 

There  a.Uo  is  some  selective  action,  some  substances  being  compara- 
tively much  more  toxic  to  nne  species  than  to  another.  (Thus.  goW 
chlorid  i=i  more  toxic  to  anthrax  than  to  cholera;  carbolic  acid,  the 
reverse.) 

2.  Tlie  itumber  of  bacteria  to  he  destroyed. 

3.  The  nature  and  quantity  of  the  associated  material.  Many  sub- 
stances which  are  strongly  germfciflal  when  acting  on  the  lacten* 
alone  are  much  weakened  by  entering  into  chemic  reactions  with  the 
medium. 

Thus,  ootassium  permanganate  Is  destroyed  by  all  organic  niJller  . 
mercuric  chlorid  is  precipitated  by  proteids ;  silver  nitrate  by  chlon'i*— 
etc.     These  insoluble  combinations  are  no  longer  germicidal.    Fuiihci"-- 
they  hinder  the  penetration  of  the  antiseptic,  a  condition  of  consid^f  "^ 
able  surgical  importance.     Of  all  the  antiseptics,  those  of  the  arnnisli^ 
series  are  least  acted  upon.    As  we  have  seen,  tliey  do  not  enter  ii)l* 
chemic   combination   with   the   media,   and    have   therefore  a   supcno' 
penetrating  power. 

4.  The  time  of  exposure.  The  different  antiseptics  show  great  v» 
rialions  in  this 

5.  The  degree  of  dilution  of  the  disinfecting  ngent  is  in  most  caw^ 
of  the  greatest  importance.     A   decigram  of  sublimate   in   100  c  c,  0 
water  will  be  much  more  efficient  than  a  gram  in  ten  liters. 

6.  The  toxic  and  corrosive  action  of  the  agent,  and  the  ease  wA^ 
which  it  is  absorbed,  are  also  often  of  impoiiance  in  deciding  its  praf 
tical  usefulness. 

7.  The  cost  often  enters  into  mn'tidcration. 


DISINFECTION. 


381 


II.  ANTISEPTICS  IN  COMMON  USE. 

The  more  commonly  used  antiseptics  are  the  following: 
physical  Agents:     HcaL 

/finr^antV  Sahs:  HgCl..  AgNO..  FcSO^  CuSO*.  ZnSO*.  ZnQ*, 
A1X:U  KAMSO.)..  NaCI.  KI,  NaF. 

.^cids:    H,SO„  HNO*.  HGH.O,,  H.BO^  A3,0a/ 
Alkali:     CaO. 

OxjJinng  and  Reducing  Bodies:  SO*  KMnOi,  H,Ox  0»,  I,  Br,  O, 
Calx  QiloratA. 

FaUy  Series:     CHO..  CHU  CH:0.  C:H»OH.   C»H,(OH).,   sugar. 
Aromatic  Series:     See  preceding  section.     To  this  may  be  appended 
camnhor  and  the  essential  oiU. 
Alkaloid:     Quinin. 

Manner  of  Action. —  Of  the  inorganic  salts,  those  of  the  heavy 
fnetals  and  of  aluwinum  are  anii'ifptic  hy  forming  insnlnhle  proteid 
compounds  with  the  protoplasm  of  the  bacteria.  However,  they  do 
rmt  probably  i>enctrate  the  cell-wall  ver>'  readily.  In  all  cases  their 
act»on  i»  very  Krcatly  weakened  if  other  prnteids  are  present,  as  they 
are  bound  and  rendered  inactive.  The  greater  nvunher  are  deodorant, 
rather  than  antisc{>tic,  by  combining  with  the  HsS  and  NHa  and  simi- 
lar odorous  .substances. 

Of  the  neutral  salts  of  alkalies,  the  Huorids,  and  to  a  less  extent  the 
borates,  possess  specific  toxicity.  The  effects  of  NaCl  and  KNO.,  as 
alsfi  <ngar,  are  due  purely  to  osmotic  action.  They  render  the  medium 
-r.fir  for  the  bacteria  and  thereby  lower  their  vitality.  The  iodids 
no  special  action,  except  when  iodin  is  liberated  from  them, 
il^cieria,  like  all  living  organisms,  require  a  certain  reaction  of 
mrdium  for  their  development:  and  a  considerable  mfidificalicin  of 
ihis  by  either  acids  or  alkalies,  is  inimical  to  them.  Most  forms  are 
tttftre  sensitive  to  acids 

Strong  oxidizers  and  reducers  tend  to  produce  chcmic  changes  in  all 

fTKaiuc    matter,    and    bacteria    are    no    exception.     However,    for   this 

icry    reason    these    substances    are   quicklj-    rendered    inactive   bv   any 

iTcign   msncr   which   is   usually   found  with   these  organisms,     ft  can 

Tfr\.rr  he  li>  fnd   Ui  have  any  action  from  them  after  their  absorption; 

and  IrKrally  only   if  the  amount  of  organic  matter  present  is  small:  or 

ipAft   from   the   body,   if  they  can  he   used   in   sufficient   concentration 

Wit  hout  alM)  destroying  the  infected  article. 

The  drug*  of  the  fatty  series  are  rather  weakly  antiseptic;  their  ac- 
lfo»i  li<?<  in  the  precipitation  of  protoplasm  produced  bv  them.  Since 
'^»  •  •>  remain  for  a  considerable  length  of  time,  capable  of 

tr  They  are  scarcely  at  all  germicidal.     Formaldehyd  forms 

*    iJ* '" '  i'    'N'ti'iion  In  thi«. 

■   he  Disinfecting  Power  of  the  Commonly  Used  Antiseptics.— 

0»»      account   ijf  the   different   rcsiMing  power  of  different  bacteria,  and 

tU^     ea«  w^th  which  the  antiseptic  action  is  modified  by  circumstances. 

th<r      rrMi't*   of  experiments   directed    to  comparing   the   different   anti- 

*'"  not  he  generalized.    Tables  of  antiseptic  values  are  tlierefore 

"  '0'     In  a  general  way.  it  may  he  said  that  mercuric  chlorid 

nitrate  are  the  most  jiowerful.     Then  come  copper  and  zinc 

II    formaldehyd.    chlontt.    and    hydrogen    pcroxid:    tlien    the 

'W  carl)olic  acid.     Salicylic  acid.  l>oric  acid,   sulphurous  acid. 

cntial  oils  are  antiseptics  rather  than  germicides.     Iodoform 

■w.-.   iL-*   action   only    under   special    conditions.     Ferrous   sulphate 

t>^ncrely  deodorant. 

'Annuc  i*  an  inwcticide  ratbcr   fhan  3  germicide 
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Hfat,  where*  ii  can  be  properly  applied,  is  amongst  (he  mosi  certain 
of  antiseptics.  Combustion  fnrnishcs  the  surest  method  of  absoliitelj 
destroying  bacteria.  Boiling,  if  sufticiemly  prolonged,  or  exposure  to 
life  steam,  especially  under  pressure,  are  equally  efficient.  Exposure 
to  dry  heat  is  less  effective. 

!!I.  THE   PRACTICAL   APPLICATION  OF  ANTISEPTICS. 

The   Preservation   of   Food.—  The   liability   of  oi^auic    food-stuffs, 

especially  meat  and  milk,  to  bacterial  decomposition,  often  renders  their 
chemical  prescnalion  a  matter  of  economic  necessity.  Asepsis,  rcfng* 
cration.  or  sterilization  by  heai,  are  not  always  applicable.  That  ibc 
use  of  chemic  preservatives  is  theoretically  undesirable,  on  account  of 
their  possible  deleterious  action,  is  universally  granted :  in  practice, 
however,  this  evil  may  be  less  than  those  rcsultin^^'  from  the  consmnp- 
tion  of  partly  decomposed  focxis.  The  time-honored  use  of  sugar  or 
salt-cured,  corned,  and  smoked  meats  is  a  sufficient  proof  of  the  com- 
paraiive  innocuoiisncss  of  some  of  the  preservative  measures.  More 
recently  there  have  been  introduced  a  number  of  preservatives  which 
are  more  powerful,  and  which  cannot  be  delected  by  the  taste.  These 
offer  a  special  interest,  and  they  have  accordingly  given  rise  to  much 
discussion.  It  is  evident  that  drugs  with  markedly  toxic  and  iiriiant 
action  should  bt'  entirely  excluded.  On  this  account,  the  use  t^f  fortnat* 
dehyd  ha*.  Iteen  generally  condemned  (although  the  direct  pnxyf  of 
its  harmfulness  i.s  not  complete).  It  has  been  used,  especially  in  milic, 
in  the  proportion  of  i  :  J5.000.  Sulphurous  acid,  or  suLphile  of  hnie. 
are  also  considered  harmful :  but  it  is  claimed  by  some  that  they  arc 
largely  converted  into  the  inactive  sulphates;  and  that  the  amottnt 
escaping  decomposition   is  too  small  to  be  serious. 

The  least  harmful  of  the  chemic  preservatives  arc  salicylic  acid, 
boric  acid,  and  borax.  The  acids  arc  used  in  fluids  in  the  proportion 
of  0.2  Gnu  per  liter:  in  meats  2  or  3  times  this  proportion  is  taken. 
Of  borax  about  four  times  the  above  quantities  is  required.  These 
amotmlg  are  too  .small  to  kill  the  bacteria,  but  suffice  to  check  their 
development  for  a  limited  time.  As  regards  their  effects  on  man.  it  i* 
universally  conceded  that  these  quantities  produce  no  immediate  effects 
in  normal  individuals.  Their  opponents  rest  their  objections  mainly 
on  their  action  on  weak  or  diseased  individuals,  on  infants,  nephritic*, 
and  dyspeptics;  and  to  the  cumulative  effects  of  their  continued  ad- 
ministration. The  experimental  evidence  indicates  that  these  f«r* 
are  not  groundless  (see  Index,  boric  acid).  There  is.  however,  no 
evidence  as  to  the  degree  of  danger  from  their  intermittent  use,  under 
the  actual  conditions.  At  all  events,  the  consumer  should  be  nude 
aware  of  ihc  addition  of  the  preservative,  and  of  its  possible  dangers 

The  Sterilization  of  Water,—  Drinking  water  is  the  ordinarv  *oorce 
of  infection  of  a  number  of  diseases,  notablv  typhoid  fever.  The  care* 
ful  regidation  of  the  water  supply,  and  efficiently  supervised  fihratioo 
are  sufficient  to  remove  the  danger  of  infection:  but  these  methods 
are  unfortunately  nnt  practicable  in  all  cases.  Distillation,  or  boiling 
the  water  for  ten  minuies,  also  destroys  the  typhoid  bacilli,  but  in- 
jures the  taste  of  the  water.  There  is  therefore  some  scope  fori 
chemic  disinfection  of  water.  The  recent  experiments  of  C  W. 
Moore  (ig04)  indicate  that  copper  mav  be  used  for  this  purpo«- 
Tliis  metal  combines  a  high  toxicity  for  lower  organisms  wilb  * 
very  low  toxicity  for  mammals.  It  was  originally  proposed  for  the 
removal  of  alga-  from  the  water  supply.  A  proportion  of  I  part  iB 
50  millions  suffices  for  this  purpose.  Typhoid  and  cholera  bacilli  re- 
quire a  much  higher  proportion  (i  :  100.000  for  ^  to  4  hours);  m 
it  is  proposed  at  present  to  use  the  metal  for  this  purpose  only  a?  « 
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temporary  expedient  The  amounts  which  would  he  actually  taken  in 
the  drinking  water  wuuld  be  extremely  small,  as  a  considerable  part 
of  the  copper  is  precipitated  in  insuluble  form.  Immensely  larger 
quantities  have  been  taken  for  several  days  without  any  symptoms. 
The  temporary  use  of  the  treated  water  would  therefore  be  certainly 
harmless.  Even  the  continuous  use  may  be  without  any  effect,  al- 
though there  is  as  yet  no  direct  evidence  on  this  subject.  Kraemcr 
(1904)  has  recommended  the  suspension  of  strips  of  bright  copper, 
3'/^  inches  square,  for  each  quart  of  water,  for  6  to  8  hours,  as  effective 
for  killing  the  typhoid  bacilli,  and  as  being  probably  harmless  to  tlie 
consumer. 

Excreta  and  Sputa. —  A  distinction  must  be  made  between  the 
sterilization  of  excreta  coming  from  patients  afflicted  with  contagious 
disease,  and  the  disinfection  of  ordinary  privy  vaults.  In  the  latter, 
cheapness  of  the  disinfectant  in  a  great  dcs^ideratum,  and  wiien  only 
the  excretions  of  healthy  indii'iduaU  are  to  be  considered,  a  deodorant 
action  is  sufficicnL 

Sulphate  of  iron  meets  these  two  indications.  Being  a  metallic  salt, 
it  does  not  penetrate  at  all  readily,  and  mtist  consequently  be  fre- 
quently applied.     It  acts  by  combining  with  the  NHj  and   H-S. 

Where  it  is  necessary  to  have  good  penetration,  quicklime  deserves 
the  preference.  It  is  made  into  a  paste  with  water.  Crude  carbolic 
acid  is  cheap  and  efficient  if  its  smell  is  not  too  great  a  drawback. 
The  latter  precludes  its  use  for  the  disinfection  of  vessels  and  rooms. 
Naphlhalin  is  well  suited  to  urinals,  since  it  is  so  sparingly  soluble  and 
very  cheap.     (Also  used  to  kill  moths  and  other  insects.) 

For  infected  excreta,  everything  considered,  chlorinated  lime  deserves 
preference.  About  6  ozs.  of  this  are  mixed  vvitli  a  gallon  of  water,  and 
a  quart  of  this  used  with  each  discharge  and  allowed  to  stand  an  hour. 
The  cresols  (i  moo)  or  formaldehyd  (10%  of  commercial)  are  also 
practical  and  efficient.  Sputa  and  similar  discharges  arc  best  received 
m  paper  cups  or  napkins,  and  burned. 

For  the  disinfection  of  the  hands,  walls  of  rooms,  articles  not  In* 
Jared  by  wet,  etc.,  mercuric  chlorid  ( i  :  1,000)  is  nlmost  universally 
applicable.  Its  only  drawback  lies  in  its  toxicity.  Where  this  is  a 
serious  objection  it  may  be  replaced  by  phenol  (2  :  too)  or  formal- 
dehyd (4%  absolute  =  10%  commercial).  These  may  also  be  used 
for  instruments  the  metal  of  which  is  injured  by  mercury.  Another 
popular  method  is  to  boil  the  instruments  in  \%  sodium  carbonate  for 
naif  an  hour.  For  glassiimre.  dry  heat  of  about  150°  C,  continued 
for  an  hour,  deserves  preference.  The  beddothing  and  dresses  of  pa- 
tient and  nurse  should  be  sterilized  by  steam,  or  at  least  by  prolonged 
boiling.  Wool  which  will  not  bear  damp,  can  only  be  satisfactorily 
sterilized  in  special  apparatus  by  dry  heat  of  lio*  C,  or  by  formal- 
dehyd gas. 

Rooms. —  The  sponging  of  rooms  and  furniture  with  antiseptic  solu- 
tions is  never  sufficient  for  their  sterilization;  for  there  are  always 
many  cre>-ice5  which  would  escape  in  such  treatment.  Some  method 
of  fumigation  is  necessary,  and  the  choice  rests  mainly  between  SOi 
and  formaldehyd.  SO)  destroys  bacteria,  but  not  spores;  it  is  also 
objectionable  since  it  causes  bleaching  of  all  organic  dyes.  It  is  gen- 
erated by  burning  3  lbs.  of  sulphur  for  each  1.000  cubic  feet  of  space. 
To  avoid  danger  of  fire,  the  sulphur  is  placed  in  tin  pans  raised  from 
ihc  floor  by  bricks.  Its  action  is  materially  greater  when  ihe  air  is 
saturated  with  moisture. 

Against  mosquitoes  the  SOa  is  more  effective  than  formaldehyd.  It 
chnuld  therefor  he  preferred  against  malaria,  filaria,  yellow  fever,  etc 
formaldehyd  is  much  more  efficient  against  bacteria.  For  the  purpose 
of    disinfecting    rooms,    it    is    best    made    by    burning   methyl    (wood) 


384 


SERIES   OF    COAL   TAR   DERIVATIVES.        CH/   XVTl. 


alcohol  in  a  sptxial  lamp  or  by  vaporizing  paraform.     Whilst  formal- 
dehyd  is  very  volatile,  it  decomposes  quite  largely  if  it  is  attempted  trr. 
va(K5rize  its  solution  hy  heat,  and  much  is  lost.     However,  150  c.  t  of 
Ihc  commercial  40%  solution,  when  vaporized,  will  disinfect  a  room  o( 
1,000  cubic  feet  in  ten  hours.     Or  a  number  of  sheets  saturated  wilh 
the  solution  may  he  suspended  in  the  room. 

With  all  fumigation  the  room  is  best  kept  closed  over-night,  then 
thoroughly  aired,  and  then  sponged,  first  with  an  antiseptic  solmioti. 
then  with  water.  The  wall-paper  in  particular  should  be  thoroughly 
cleaned.  Where  possible,  a  coat  of  whitewash  should  be  applied,  since 
this  constitutes  an  efhcient  germicide. 

In  operative  technic  for  open  wounds  the  objects  are  to  avoid 
local  irriumt  nction  and  general  poisoning  from  absorption,  and,  if 
the  wound  is  infected,  to  obtain  the  greatest  penetration.  Wheu  the 
wound  is  not  infected,  asepsis  rather  than  antisepsis  should  be  the 
aim.  When  the  latter  is  rec^tiircd,  preference  should  he  given  to  cre^l 
{Vi  :  too)  or  to  carbolic  acid  (2  :  100)  for  penetration,  and  to  HrG* 
for  local  action  (i  :  5.000  to  2,000).  It  must  be  remembered  that 
these  chemicals  are  irritant  and  capable  of  absorption.  The  tendency 
of  HgCK-  to  form  insoluble  combinations  with  the  constituents  of  the 
tissues  can  be  greatly  lessened  and  tiic  keeping  qualities  improved  hy} 
the  addition  of  HCI,  tartaric  acid,  NaCl,  or  NH.Cl.  in  amount  aboar-i 
equal  to  the  HgCli.  Hydrogen  pcroxid  solution  is  used  especially  on 
suppurating  surfaces.  The  foam  which  arises  when  it  come.«  into  con- 
tact with  decomposing  matter  supports  its  action  mechanically  by  6ti 
lodging  fixed  particles  nf  bacteria,  dirt.  etc. 

The  local  irritant  effects  are  by  no  means  always  objectionable; 
thus,  carlwlic  acid  is  sometimes  used  for  its  caustic  action.  On  k- 
count  of  the  anesthesia  which  it  induces,  it  is  very  much  \f^9  pamfu' 
than  other  acids;  but  it  is  also  less  efficient  It  is  sometimes  ifiiecte<i 
in  strong  solution  into  cyst.s  to  cause  adhesive  inOainmation.  Sahcylii 
acid  also  has  a  decided  caustic  action,  which  determines  its  use  ti 
hyperidrosis,  and  for  softening  corns. 

The  irritation  is  an  objection  not  only  at  Uie  place  of  application,  ba' 
also  at  the  seat  of  excretion. —  1.  r,  kiclncys — and  nephritis  constitute 
a  contraindication  to  the  use  of  absorbable  antiseptics. 

The    endeavor    to   prevent    symptoms   of   general    poisoning    when 
purely  local  effect  is  required  has  led  to  the  use  of  almnsl  insoluble  jnii  - 
septics  as  dusting-powders.    Many  of  thc<;e   are  also   useful  in  pTr>^~^ 
moting  healing  by  their  irritant  action;  on  account  of  their  sbght  soli 
bility  iliis   is   always  mild  and  kept  within   physiologic  limits, 
irritant  action  nf  this  kind   stimulates  cell   division  and.  conseqt 
healing.     The   most   important   dusting-powders   arc   iodoform 
sub.-^titutes.  the  insoluble  bismuth  salts,  and  boric  acid   (see  Index). 

The  Skin. —  Germicides  may  be  useful  in  this  situation  in  aiding  t 
healing  of  sores  and  ulcers,  or  to  effect  the  cure  of  more  di0mst  sfc 
diseases   depending  upon   the   presence  of   bacteria  or  other  para«l^ 
tn  either  case,  a  mild  stimulant  action  seems  to  be  quite  as  c" 
determining  the  success  of  the  remedy  as  the  grrmicidal   a' 
the  other  hand,  the  irritant  action  must  not  be  too  strong.    T.^ 
the   maceration    of  the   epidermis,  the  drugs   must   be   used   cither  ** 
powder   or    in    the    form    of    ointments.    The   latter   render   the  dfij 
capable  of  absorption,  and  this  prevents  the  use  of  any  very  toxic  «► 
stance. 

The  following  are  the  most  employed:     Carbolic  acid,  s^  '   ' 
Ichthyol,  10  to  c;o%  ointment     This  exerts  a  peculiarlv  l>cneh 
tant  action,  which  also  leads  to  the  absorption  of  inflammaiorvsKi^' 
ings.    etc.     Tar,    10   tn    100%.     Resorcin,   5   to    ao%.     Same  iction  I* 
phenol  and   no  advantage.     Naphthalin  and   naphthol,   5   to 
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ment.  Sulphur,  io*??j.  Pyrogallol  (.5  to  20%),  mainly  as  irritant,  but 
too  dangerous  it  absorbed,  and  best  replaced  by  chrysarobin. 

The  metallic  salts  and  oxids  which  come  under  this  heading  will  be 
considered  under  astringents   (see   Index). 

Alucous  AlembrHnes. —  The  disinfection  of  mucous  membranes  re- 
quires antiseptics  of  low  toxicity,  since  the  absorption  is  comparatively 
great.  In  inflamed  conditions,  an  astringent  action  is  also  often  de- 
sirable. The  most  useful  ingredients  are  the  salts  of  zinc  and  boric 
acid.  The  remedies  are  applied  to  the  oral  cavity  in  the  form  of 
gargles,  to  the  eye  as  eye  water,  and  to  the  urethra  and  vagina  as 
injections.  Gargles  are  generally  flavored  with  mint  or  gaultheria 
water,  or  with  thymol.  Ferric  chlorid  or  alum,  which  are  often  added 
to  gargles,  act  mainly  as  astringents.  Eucalyptol  and  menthol  ar*t 
used  especially  in  the  nasal  cavities. 

Urinary  Antiseptics.— The  urine  and  the  bladder  may  be  disin- 
fected to  a  considerable  degree  by  drugs  administered  through  the 
mouth.  The  antiseptics  of  the  aromatic  series  are  sufficiently  concen- 
trated, in  the  course  of  their  excretion,  to  be  effective,  e.  g.,  in  gonor- 
rhea. Sodium  salicjlate  or  benzoate  or  salol  are  used  for  this  purpose. 
as  also  copaiba,  cubeba,  sandal-wood,  etc.  Certain  other  substances 
are  not  themselves  antiseptic,  but  are  decomposed  into  antiseptic  com- 
pounds in  the  course  of  excretion  through  the  kidney.  especiaUy  in  the 
presence  of  bacteria.  Arbutin,  a  glucosid  occurring  in  uva  ursi.  and 
chimaphila.  belongs  to  lhi>  class.  It  yields  hydrochinon.  The  most 
useful  product,  however,  is  urotropin  f  see  Index),  which  yields  formal- 
dehyd.  This  is  used  in  pyelitis.  inHamed  hindder.  and  for  rendering 
the  urine  aseptic  (as  in  typhoid  fever).  Increased  acidity  of  the  urine 
also  destroys  bacteria.  Dilute  mineral  acids,  or  acid  sodium  phosphate, 
may  be  used. 

Intestinal  Antiseptics. —  The  disinfection  of  the  alimentary  canal 
would  be  usefid  in  various  dysp)cpsias,  intestinal  putrefaction*  in  ty- 
phoid fever,  cholera,  elc.  Many  experiments  have  been  directed  to 
this  end.  As  a  result,  it  may  be  conchided  that  complete  asepsis  is  i«i- 
possibU  in   this   situation. 

This  is  easily  comprehended  if  one  stops  to  consider  the  large  num- 
1>er  of  bacteria  present;  the  large  mass  of  material  in  the  iniesiine. 
tending  to  weaken  the  antiseptic  and  to  prevent  its  access;  the  ready 
absorption  and  consequent  danger  of  general  poisoning:  the  sensitive- 
ness of  the  intestinal  canal  to  irritating  agencies;  the  fact  that  ferment 
action   is  diminished  by  all  antiseptics,  etc. 

When  the  antiseptics  are  used  in  siicli  an  amount  as  to  injure  the 
Tnuco<sa,  they  may  even  increase  the  number  of  bacteria.  It  was  also 
arjined.  at  one  time,  that  antiseptics  would  be  injurious  hy  checking  the 
saprophytic  bacteria,  which  were  supposed  to  be  necessary  for  diges- 
tiim.  Yhis  theory  has  been  disproved  ;  nor  do  they  appear  to  hinder 
the  digestive   fcrmetits  materially.* 

Although  a  complete  intestinal  asepsis  is  an  impossibility,  a  relative 
aiftepsis.  a  limitation  of  sn  abnormally  increased  bacterial  action,  is  not 
mo.  This  can  l>c  clearly  shown  hy  the  diminutiun  of  the  indoxyl  and 
onnhined  sulphates  of  the  urine  under  appropriate  treatment.  Calomel 
may  cause  their  entire  disappearance. 

The  bacteria  in  the  lumen  of  the  intestine  will  l)c  much  more  readily 
acted  upon  than  those  which  have  already  obtained  a  nidus  m  the 
intestinal  walls,  and  antiseptic  measures  will  be  of  greatest  benefit  in 
the  former  condition. 

The  removal  of  the  contents  of  the  intestines  is,  of  course,  one  r>f 
the  most   efficient   methods,  for  it  carries  with  it  at  once  numberless 
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bacteria  and  the  material  on  which  they  have  been  nourishing.  Cah- 
inci  is  the  best  physic  for  this  purpose,  since  the  slight  amount  of 
bichlorid  formed  from  it  tends  to  chtck  the  remaining  bacteria  '  The 
bichlorid  of  mercury  is  also  used  in  doses  of  '/:»»  grain  <o.035  mg.). 
For  antiseptics,  more  strictly  speaking,  the  preference  is  given  to  those 
which  are  only  sparingly  soluble,  su  thai  they  will  not  be  absorbed 
in  the  tipper  portions  of  the  alimentary  canal.  The  most  useful  intes- 
tinal antiseptics  arc  naphthalin,  naphthol,  the  cresoK  and  guaiacol, 
thymol,  camphor,  salol,  etc. 

Saiol  is  decomposed  into  carbolic  and  salicylic  acid.  It  is  only 
slightly  acted  upon  in  ihe  stomtult,  and  is  used  as  coating  for  p$iU 
which  are  not  to  act  in  stomach.  It  has  been  suggested  as  a  test  for 
the  length  of  time  during  which  food  remains  in  the  stomach,  by 
noting  how  much  time  elapses  before  the  salicylic  acid  test  is  given  by 
the  urine.  It  is  only  of  limited  value,  since  ihe  time  varies  greatly  in 
normal    individuals. 

Most  intestinal  antiseptics  act  also  as  anthelmintics.  Novy  and 
Freer  (igoj)  liave  introduced  the  or^attic  pcrojcids  as  intesrinal  atiti- 
septics.  These  may  be  considered  as  hydrogen  peroxid,  in  which  the 
hydrogen  has  been  replrnced  by  organic  radicles.  Diacetyl  peroxid 
(acetozone)  has  the  formula  C:H,0  —  OO  —  CaH»0;  benzoyl-acelyl- 
peroxids  (bcnsozonc)  is  represented  as  GHiO — OO  —  C.HiO.  These 
compounds  arc  fairly  stable,  but  inactive.  In  the  presence  of  water, 
they  split  into  acetyl-peracid  (CH^iO — OOH>,'  which  is  more  power- 
fully antiseptic  than  hydrogen  peroxid.  and  very  slightly  toxic.  The 
acetozone  or  henzorone  are  administered  in  capsules  of  0.3  Gm.  (5 
grains),  three  times  a  day.  They  should  not  be  mixed  with  organic 
liquids,  nor  kept  in  a  warm  place,  as  they  tend  to  explode.  The 
peroxid  of  calcium  or  magnesium,  which  liberate  hydrogen  peroxid  ih 
the  presence  of  acid,  have  been  recommended  in  the  treatment  of  ab- 
normal gastric  fermentation,  and  as  tooth  powders. 

Antisepsis  In  Tissues  After  Absorption.— The  specific  effect  of 
quinin  on  malnria,  of  salicylntc;  on  acute  rheumatism,  and  of  mercury 
on  syphilis,  encourage  the  hope  that  other  antiseptics  of  similar 
selective  power  may  be  found.  So  far.  however,  the  search  for  these 
has  been  unsuccessful,  and  it  may  he  slated  as  a  general  rule  that 
antiseptics,  when  present  in  the  circufalion.  kill  the  animal,  in  doses 
much  smaller  than  arc  necessary  to  affect  the  bacteria. 

Antiseptics  in  the  Treatment  of  Tuberculosis.— The  use  of  cer- 
tain ami  replies,  hy  mouth,  has  proven  f;iirly  successful  in  phthisis. 
The  principal  remedy  of  this  class  is  creosote,  or  guaiacol;  but  tar, 
turpentine,  terchene,  eucalyptol.  and  ichthyol  appear  to  he  similarly 
useful.  There  is  still  some  dispute  as  to  the  mechanism  of  their  action. 
The  theoHi'  that  they  destroy  the  toxins  has  been  abandoned.  An«Mbef 
theory  explained  their  action  as  being  local,  due  lo  their  excretion  by 
the  lung.  This  pulmonary  excretion  is  altogether  denied  for  gnaiacol 
by  Bufalini  (lyoj).  Even  if  it  docs  occur  with  some  of  the  other 
drugs,  it  cannot  be  the  essential  cause  of  the  action,  for  the  sputa  of 
the  patients  thus  treated  possess  an  undiminished  virulence.  The  most 
satisfactory  explanation  is  one  which  assumes  that  the  action  is  in- 
direct, due  to  a  checking  of  intestinal  putrefaction,  and  consequently 
an  improved  nutrition  and  a  higher  resisting  power  of  the  patient. 

Not  much  greater  success  has  followed  the  attempt  to  introducr 
these  antiseptics  into  the  lungs  via  the  respiratory  passage*,  in  ih* 
form  of  sprays  and  inhalations.     The  fault  lies  in  the  fact  that  they  do 

*  Exrrdsc   ^i-j. 

'The  acflvl  benzoyl   prioxid  drcotnpo«e«  Into  ncctyl  pcrncid,  Mrctk  ndA,  tni 
the  infioliiMc   Hih«i2ov1    ncrosul.   according   lo    Ihe  rqualion   jC,H,CO.OO.COCH, 
H>0  =  UHiCO.Orj.CdC.Hs  -f  CH,CO-H  +  CHbCO.OOB. 
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T-«racli  the  disease  foci  in  this  manner,  but  remain  in  the  upper 
wp^^5iigr.«.  Nor  could  they  readily  penetrate  the  caseous  niatlert 
to  ■(  they  were  brought  into  ihc  alveoli.  They  arc  in  consequence 
rful    in    bronchitis    and    bronchial    pneumonia,    but    not    in    tubcrcu- 

|_a.nclerpr  ha*  seen  good  effect,  in  early  cases,  from  the  hypodermic 
Ki  sritravenous  injection  of  balsam  of  Peru  and  its  main  constituent, 
ptiuivmV  acid,  and  its  sodium  sail,  Hctol.  No  marked  germicidal 
palivy  i>  claimed  for  them.  I)ut  the  causation  of  a  specific  inAommO' 
jitu*  of  the  diseased  areas  with  consequent  cicatrization.  Most  ob- 
irr\-«r*  pronounce  themselves  unfavorably,  Otliers  concede  some  bcnc- 
ft  'm  "walking  ca.s<s,"  but  urge  the  great  inconvenience  against  the 
ireatincnt:  Intravenou<»  injections  must  be  given  daily  for  one  and  one- 
Ittll  years.  Even  injurious  results  have  been  reported  from  its  use  in 
severe  case* 

Tbr    medicinal  treatment   of  advanced   phthisis  is  still  generally  dis- 

apfHiiiiting,     The  greatest  benefits  are  obtained   from   climate,  out-door 

I  U(e.  and  forced  nutrition  (supported  by  codliver  oil  and  creosote). 

When  tuberculosis  is  located   in   more   accessible   situations  —  joints, 

ifctn.  etc  — the  outlook   is  more  promising,     Pcnti-ian   balsam   api>cars 

lo  be  markedly  beneficent  here  also.     Iodoform  has  been   much   used, 

eilhtr  as  powder  or  as  a  suspension  (iodoform  lo,  alcohol  and  glycerin 

»45>. 

In  the  treatment    of   lupus,   good   results   have  been   obtained    with 

'"dfHm.  a  cirrivalive  of  oil  of  mustard   (see  Index).     It  is  given 

h  in  capsules  (0.03  to  0.2  Gm.),  or  as  hyTJodermic  injection  in 

■''(  solution  tn  alcohol.     It  seems  immaterial  wheilier  the  injec- 

in'ii*  ar«  made  at  the  site  of  the  disease  or  at  a  distance. 

TKr  prculiar  irritation  produced  by  the  aclinic  rays  of  the  sun  or  of 

!Rht  (Finsen  treatment),  of  Roentgen  rays,  and  of  radium,  has 

^rjx  successful  with  lupus  and  epithelioma.     Their  action  is  not 
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CHAPTER    Will. 
TOXINS  AND  ANTITOXINS. 

]dy  of  these  substances  is  not   usually  placed   in  the  domain 

tacolopy.  but  in   that  of  bacteriology  and   pathology.    Their 

IS  generally  found  in  tcxl-bonks  on  these  subjects;  whilst 

*"  efftcti  are  described   in  treatises  on  medicine  and  surgery.    This 

rely  one  of  expediency.     In   a  sense,  the  actions  of 

pharmacologic;   whilst   the  therapeutic  use  of  anti- 

i.    -ub<tance<  make  their  discussion  in  this  place  abso- 

?e*sary.     As   regards   the  toxins,   only  a  broad   sketch   of  the 
.rincipie*  can  be  given,  without  entering  into  details,  and  with 
^B&don  of  the  expenmenlal  evidence. 


^«  Hatore  of  Toxins  and  Antitoxins. —  The  resemblance 
tHcni  the  efiFects  of  toxins  and  those  of  ordinary  poisons 
*^j  do.'^c.  that  it  is  often  impossible  to  differentiate,  from 
n-mptoms  alone,  a  case  of  traumatic  tetanus  from  one 
stn'chnin  pcjisoning,  or  Asiatic  cholera  from  arsenical 
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intoxication.  The  resemblance,  however,  is  proliably  only 
superficial  A  closer  study  of  toxin-action  reveals  peculiari- 
ties, which  ser\e  to  define  these  poisons  into  a  special  group. 
In  tlie  first  place,  the  symptoms  never  develop  promptly 
after  the  intruductitm,  no  matter  how  large  the  dose:  a 
period  of  incubation,  variable,  but  fairly  definite  for  each 
toxin,  always  intervenes.  The  principal  characteristic  of 
the  group,  however,  is  that  tlicy  give  rise  to  protectizT  sub- 
stances, when  they  are  injected  into  living  animals  in  non- 
fatal doses-.  Tliese  so-called  antitoxins  combine  with  the 
toxin  to  render  it  inactive;  they  are  specific,  i.  f.,  they  act 
as  a  rule  only  nn  t!ie  toxin  which  led  to  their  production. 
This  property  is  possessed  by  every  luxin.  It  is  also  shown 
by  proteids  and  ferments,  the  same  principle  probably  being 
involved  in  all  cases.  It  is-  convenient  to  restrict  the  term 
**  toxin  "  to  thr)se  which  have  a  marked  toxic  action.  In- 
deed, the  latter  is  very  powerful  in  the  true  toxins:  they  pro- 
dtice  their  effects  in  doses  so  smalL  that  one  is  reminded  of 
ferment  action.  A  toxin  way  tJu^reforc  he  defined  as  a  sub- 
stance of  markedly  toxic  netion,  capable  of  leading  to  the 
production  of  a  specific  antitoxin. 

Oitr  knowledge  of  the  chemical  nature  nf  toxins  is  vcfy  limited. 
The  analogy  to  prolcids  is  obvious.  Indeed,  they  all  contain  nitrogen, 
and  many  of  them  continue  to  (five  proteid  reactions,  in  a  high  state  oi 
purification.  It  i?  ouile  possible,  however,  that  some  at  least  are  not 
proteids  in  the  ordinar>'  Jtcnw. 

The  antitoxins  also  appear  to  l>e  proteids.  Those  of  diphtheria. 
tetanus,  etc.  cannot  be  separated  from  certain  of  the  globulin  of  the 
scrum,  hut  it  is  impossible  to  say  whether  they  are  themselves  globu- 
lim,  or  whether  they  simply  adhere  to  the  proteid.  or  whether  the 
antitoxin  action  is  merely  a  special  property  which  the  proteid  acquire) 
under  certain  conditions.  The  serum  globulins  can  be  separated  by 
fractional  precipitation  with  salts,  e.  g..  ammonium  sulphate.  The 
antitoxin  is  cnnfined  to  either  tlie  cnglobulin  or  the  pscudoglobulin 
fractions,  according  to  the  nature  of  the  antitoxin,  and  according  u* 
the  animal.  In  the  horse,  for  instance,  the  diphtheria  antitoxin  be- 
haves as  a  pseiidoplobuliii ;   in  the  goat  as  a  euglobulin. 

The  actir-ity  of  both  toxins  and  antitoxins  is  readily  destroyed  by 
excessive  heat,  digestive  ferments,  or  strong  chemicals. 

Occurrence. —  The  most  important  toxins  are  those  produced  by 
bacteria.  In  certain  cases  (diphtheria,  tetanus')  the  toxin  is  secreted 
in  free  form  into  the  culture  medium,  i.  c,  it  is  found  extraeetlular 
Even  in  these  cases,  however,  the  bodies  of  the  bacteria  contain  imtra- 
cellular  toxins,  t.  e-.  toxins  which  arc  not  liberated.  These  are  specif- 
ically distinct  from  the  soluble  toxins  (Vaughan).  In  other  bacteria 
(cholera,  tj-phoid.  pneumococcus),  the  toxins  are  mainly  intracellular, 
the  filtered  cultures  being  almost  innocuous  B.icteria  also  produce 
other  poisons,  e.  g.,  the  ptomains,  which  have  alkaloidal  properties, 
and  whose  actions  resemljle  those  of  atropin.  nicotin.  or  mtiscarin. 
Thc«e  ptomains  arise  especially  in   the   course  of  putrefaction,   under 
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suitable  conditions  (limited  access  of  oxygen).  They  are  important 
m  cau>ing  poi&oning  by  spoiled  foOd;  but  tlit;y  have  nothing  to  do  witli 
infectious  diseases. 

The  production  of  toxins  is  not  confined  to  bacteria.  We  have 
seen  that  they  are  closely  related  to  proteids,  and  the  latter  are  very 
apt  to  have  some  toxic  action  on  cells  not  accustomed  tu  them.  Even 
c^g-white  is  not  indifferent  when  injected  into  the  circulaiion.  The 
toxic  actiun  is  much  more  pronounced  with  certain  blood  serums, 
inake-venoin,  the  poisun  of  scorpions  and  spiders,  etc.  Not  all  ani- 
mal poisons,  however,  arc  toxins,  Cantharidin,  salaniandrin.  epinephrin, 
cholin,  xanthin  derivatives,  etc.,  belong  m  different  cheinic  classes. 

Certain  of  the  higher  plants  also  prnclticc  very  lyfical  toxins,  r.  g., 
ricin   (castor  oil  bean);  abrin   (jcquirity  hean);  and  others. 

The  Side-Chain  Theory. —  The  varied  and  complicated  phenomena 
pres;ented  by  toxins  and  antitoxins  can  be  interpreted  by  a  theory 
proposed  by  Ehrlich.  Some  understanding  of  this  theory  is  esscniial 
for  the  :ipprcciation  of  modem  work  in  this  field.  The  the<)ry  has 
certainly  justified  itself  as  a  stimulus  and  guide  for  research,  and  as 
a  plausible  interpretation  of  facts.  The  principles  nf  this  theorj*  are 
fairly  simple:  into  its  details  we  shall  not  attempt  to  enter.  The 
student  —  who  has  not  the  special  knowledge,  and  cannot  give  the 
required  deuiled  study  —  is  advised  to  assume  a  receptive,  rather  than 
a  critical,  state  of  mind  in  mastering  these  principles. 

Protoplasm  is  a  physico-chemical  compound  of  peculiar  complexity. 
It  may  !>e  conceived  as  consisting  of  a  substance  termed  hiogen,  com- 
pose*! of  large  molecules,  each  molecule  lieing  an  aggregate  of  various 
chcmic  radicles,  in  labile  combination.  The  structure  of  the  Iwnzol 
derivatives  may  serve  as  an  illustration;  from  benzol,  a  very  large 
number  of  complex  compounds  may  be  derived,  hy  substitution  of 
tide-chains,  whilst  the  structure  of  the  benzol-ring  itsdf  is  kept  in- 
tact The  great  capacity  of  hiogen  to  enter  into  the  most  varied  reac- 
tions may  be  attributed  to  the  multipJicity  of  its  side-chains.  These 
side-chains  may  therefor  be  called  rfii'f>tors.  since  they  serve  to  receive 
forei^  molecules  into  the  biogcn.  They  have  a  very  impnrtan!  func- 
tion in  the  physiology  of  the  coll,  for  it  is  through  them  that  food  is 
assimilated.  However,  they  also  furnish  the  means  ^y  ivhich  toxins 
combirw  Tcf*f/i  the  hiogen,  and  hence  their  importance  in  the  present 
connection.  Tt  is  a  well  known  fact  in  organic  chemistry  that  some 
side-chains  are  better  adapted  for  introducing  a  given  group  than 
others.  A  sffcciUcity  exists.  This  specificity  is  very  conspicuous  in 
the  biogen- receptors,  so  that  it  seems  probable  that  every  substance 
enters  the  protoplasm  only  through  a  specific  receptor.  In  their  ab- 
sence, no  combination  can  take  place.  This  explains  instances  of 
naturat  (inherent)  immunity  to  toxins.  <  It  is  not  necessary  to 
asstnne  that  the  biogen  contains  ready-formed  receptors  for  every 
substance  with  which  it  is  capable  of  combining;  considering  the 
labile  condition  of  protoplasm,  it  is  conceivable  that  some  receptors 
are  only  formed  when  the  need  for  them  arises.)  It  will  be  seen  that 
this  theory  supposes  the  action  of  toxins  to  be  essentially  similar  to 
that  of  foods,  although  the  effects  arc  so  very  different.  The  com- 
bination with  the  food-molccules  is  useful  to  the  cell ;  that  witli  the 
toxin-molecules  is  harmful. 

The  fixid  compounds  appear  to  be  readily  broken  down,  so  that  the 
receptors  are  again  liberated.  The  toxin-compounds,  on  the  other 
hand,  appear  to  be  firm,  so  that  the  receptors  are  rendered  perma- 
nently useless  to  the  cell.  The  cell  tends  to  counteract  this  damage 
by  producing  new  receptors.  Indeed,  it  tends  to  do  so  to  excess,  some 
of  the  receptor  groups  being  Riven  from  the  cell  into  the  surrounding 
medium,   k   e.,  the   serum.     These   free   receptors   are   also   capable  of 
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combining  with  the  toxin,  which  is  thereby  "  saturated."  and  rctidcred 
incapable  of  combining  with  the  receplurs  of  cells.  These  free  re- 
ceptors coiislitiUe  ihc  aulitojcin.     They  are  necessarily  spccilic. 

Ehrlicli's  theory,  in  this,  its  simplest  form,  may  therefore 
\ye  brietly  stated  as  follows :  Toxins  produce  their  effects 
by  enterinf^  intr>  chemic  cnmhination  with  the  bjogen.  This 
combination  occurs  unfy  tiinnigli  tlie  intermediation  of  sj>e- 
cific  side-chains,  receptors.  Tlicse  receptors  may  be  given 
ofT  from  the  cells  U\  the  serum.  The  free  receptors  are  also 
capable  of  combining^  with  the  tnxin.  thereby  preventing'  ir 
fnmi  conibining  with  the  attached  cell-receptors.  They  arc 
the  antititxin. 


Almost  nothing  is  known  about  the  chemic  nature  of  these  receptors. 
or  about  the  reactions  which  take  place.  They  arc  generally  sym- 
bolized by  pictorial  rcprcstntatfons,  and  this  is  almost  indispensable  to 
the  cTcar  conception  of  the  details  The  general  principles  may,  how- 
ever, be  understood  without  their  aid.  Several  different  types  of  re- 
ceptors and  rciction*^  are  assumed.  The  simplest  arc  those  of  diph- 
theria and  tetantis  Tn  tliesc,  the  receptor  consists  of  a  combining 
{haptopht}rt'\  group,  especially  attuned  to  the  toxin.  The  latter  must 
possess  two  groups,  haptopliorc  and  toxophorc :  for  by  cautious  heai- 
»"K,  by  keeping,  etc..  the  toxin  may  be  deprived  of  its  toxicity,  whilst 
it  is  still  capable  of  neutralizing  antitoxin. 

More  complicaK-d  receptors  arc  illustrated  by  hemolysins.  \Vhcn 
a  little  of  rabbit's  scrnm  ts  added  to  the  blood  of  a  guinea  pig,  the 
corpuscles  of  the  latter  are  lakcd  It  can  be  readily  shown  that  two 
substances  are  coriceniied  in  this  plienon:iciinn :  one  being  present  in 
the  blood  of  the  r.-ibbit,  the  other  in  Hint  of  the  guinea  pi(^  It  can 
also  be  shown  that  i!ie  substance  in  the  rabbit's  blood  combine?  with 
the  guinea  pig  corpuscles,  even  in  the  absence  of  the  second  substance; 
but  does  not  lake  until  the  latter  is  added.  This  (the  substance  exist- 
ing preformed  in  the  serum  of  the  blood  to  be  laked,  and  indeed  in  all 
sera)  is  therefor  considered  the  toxic  substance,  and  is  called  the  toxic 
complement,  or  briefiy,  comptcmcnt,  also  activating  body,  or  alexin. 
It  does  not  cause  taking  alone.  Ijocause  it  cannot  enter  directly  into 
cotnbination  with  the  corpuscles,  but  only  through  the  intermediation 
of  the  substance  present  in  the  rabbit's  serum.  The  latter  is  therefor 
called  the  iutcrntcdiary  body,  or  amboceptor,  since  it  combine*;  with 
both  the  eel!  and  the  complement  (also  the  immune  body).  It  reaMy 
represents  the  cast-off  receptors  of  some  cells  of  the  rabbit.  This  is 
.shown  by  the  fact  that  animals  which  do  not  ordinarily  pri»duce 
hemolysins,  i.  c,  amboceptors  against  the  blood  of  n  given  species.  di> 
so  when  the  blood  of  this  species  is  injected.  This  injected  blood, 
together  with  the  complement  always  present,  serves  to  ^ialnratc  the 
normal  receptors  of  certain  cells.  This  leads  to  the  increased  produc- 
tion of  these  receptors,  and  the  serum  thereby  acquires  a  specific 
hemolytic  power.  The  complement  is  destroyed  by  healing  to  50  or 
60"  C. :  the  amboceptor  is  not  injured  by  this  lempcraturc.  Snake- 
venom  also  contains  a  hemolytic  amboceptor;  and  Kyes  has  shown 
that  in  this  case  lecithin  may  act  the  part  of  complement  This 
injection  of  other  cells  also  leads  to  the  production  of  sera  more  or 
less   specifically   destritctive   to   these  cells    (cytotoxins).  by  an   essen- 


i 


IMMt'NIZATlON. 


391 


lially  similar  process.  As  a  rule,  these  arc  most  powerful  when  pro- 
duced hy  The  ccIU  of  a  foreign  species  (hctero-cytotoxins)  ;  although 
they  may  aUo  be  produced  by  those  of  the  same  species  (iso-cytolox- 
-ins).  It  is  improbable  that  they  can  be  caused  by  the  cells  of  the 
same  animal   (auto-cyiotoxins). 

Welch  invokes  an  analogous  mechanism  to  explain  the  aciion  of 
bacteria  which  do  nut  produce  demonstrable  toxins  (such  as  typhoid). 
He  assumes  that  these  bacteria  also  contain  receptors,  which  are  sat- 
urated by  the  receptors  of  the  tissue  cells;  that  in  response  to  ihts, 
the  bacteria  and  the  tissue  ccHs  both  arc  obliged  to  prtxluce  more 
receptors;  the  victory  belonging  to  whichever  can  produce  the  receptors 
most  rapidly.  The  injection  of  hemolysins  also  leads  to  the  production 
of  antibodies,  this  time  to  such  as  prevent  the  effect  of  the  hemolysin. 
These  may  be  cither  anticomplcments  (saturating  ihe  complement)  ; 
or  an ti amboceptors   (saturating  the  amhoccptor). 

The  injection  of  proteids  produces  substances  which  precipitate  this 
particular  proteid  (precipitin):  the  injection  of  bacteria,  those  which 
^agglutinate  bacteria,  etc.,  etc.  All  these  phenomena  are  covered  by 
mo<litications  of  the  original  Ehrlich  thEor>-;  but  it  would  be  unprofita- 
ble to  follow  this  into  further  detail  in  this  place. 

IMMUNIZATION  THERAPY. 

Immunity,  the  power  of  ati  orjijanisni  to  resist  the  action 
of  toxins,  may  be  natural  or  ac[|nire*^L  Niitural  immiifiitv 
is  generally  explained  fiy  the  absence  of  suitable  receptors. 
The  scnim  of  such  animals  is  not  antitoxic.  Acquired  im- 
viunity  may  be  active  or  passive.  In  active  immunity  the 
animal  is  caused  to  produce  antitoxin  by  tire  stimulus  of 
sublethal  doses  of  the  toxin.  Passive  immntiiiy  is  conferred 
by  the  introduction  of  ready-formed  antitoxin  from  an  ac- 
tively inununized  antma!.  Passive  imnmnizatinn  is  less 
dangerous  and  more  prompt;  but  it  is  also  less  certain  and 
less  lasting.  More*Jver.  the  numl>er  of  infections  against 
which  passive  immunization  is  practical,  is  limited. 


Active  Immunization. —  This  is  secured  by  the  injection  of  very 
tmall  doses  or  of  weakened  cultures  of  the  infectious  material.  The 
attenuation  is  obtained  by  growth  on  unfavorable  culture  media;  at 
unfavorable  temperature  (cholera)  ;  by  chcmtcals ;  by  heat  (typhoid, 
plague)  ;  by  drying  (rabies)  ;  or  by  passage  through  certain  animals 
(vaccinia).  In  most  diseases  the  treatment  hns  only  a  prophylactic 
vattJC.  In  the  case  of  the  slowly  developing  rabies,  it  may  be  curative. 
The  value  in  this  disease,  and  that  of  vaccination  against  smallpox, 
is  firmly  established.     The  others  are  still  in  the  experimental  stage. 

They  are  administered  as  follow^: 

Rabies. —  Pasteur  Tr^ j/mr«/.^  Subnitaneons  injection  of  emulsions 
of  the  dried  spinal  cord  of  rabbits  killed  by  rabies;  beginning  with 
cords  dried  for  fourteen  days,  and  advancing  to  those  dried  for  three 
days.  The  simple  method  (for  mild  cases')  requires  sixteen  days,  the 
inlrnme  method  (for  severe  cases)  twenty  days.  The  treatment  is  of 
no  value  when  symptoms  have  appeared 

Typhoid. —  H-'right    and    Sempie    Method. —  Sterilized    emulsion    of 
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dead  lyphoid  bacilli.  Hypodermic  injection  in  doses  l/j  to  if^  ca 
Produces  some  fever  and  constitutional  disturbance.  Reports  fairly 
favorable  as  to  prophylactic  value. 

Cholera. —  Hankmc  Mcthoti. —  Attenuated  culture,  followed  ailcr 
five  days  by  a  virulent  culture.     Favorable  results  as  prophylactic 

Plague. —  Haffkiric  Method. —  Hypodermic  injection  of  culture  stcn1- 
ized  and  attenuated  by  heat,  in  dose  of  2  to  2.5  c.  c.  for  arfylis. 
Favorable  rcsulti.  as  prophylaclic.  the  effects  las.iing  about  a  month. 

Vaccinia. —  The  crusls  and  purulent  matter  from  heifers  inoculated 
with  vaccinia:  spread  on  ivory  poims,  or  preserved  in  glycerin  In- 
troduced by  spreading  i,»vcr  >carified  area  of  skin.  Produces  immumtj 
against  smallpox,  the  protection  lasting  four  to  ten  years.  The  pp> 
tection  is  more  lasting  when  the  inoculation  is  made  from  a  hunun 
scab. 

Passive  Immunity  —  Immunizing  Sera. —  Passive  immunit) 
is  induced  by  the  injection  of  inmiunizing  sera.  1.  €.,  the 
serum  of  an  animal  (g-eiierally  the  horse)  which  has  brtu 
rendered  actively  immune  by  the  methods  just  described 
These  sera  may  be  either  antitoxic  (neutralizing  toxins). 'ir 
bactericidal  (killing  the  bacteria).  Examples  of  the  former 
are  the  sera  against  dijjhtheria,  tetanus,  snake  venom,  etc.; 
of  the  latter,  those  against  the  pneumocnccus  and  strepto- 
coccus. (It  must  be  rememhered  that  the  antitoxins,  by 
depriving  the  bacteria  of  their  means  of  defense,  usually 
leafl  indirectly  to  the  destruction  of  the  bacteria.) 

Conditions  for  the  Action  of  Immunizing  Sera. —  The 
conspicuous  success  of  the  diphtheria  antitoxin  raised  \\\^ 
hopes  of  tlie  immediate  aixl  wide  extension  of  the  scninv 
treatment  to  other  infectious  diseases.     These  hopes  have 
only  been  moderately  realized  thus  far.     The  reasons  ar^ 
not  far  to  seek.     It  seems  that  the  toxins,  when  once  tixe* 
in   the   cells,   cannot  be  affected  by  the  antitoxin,  exccp' 
perhaps  by  doses  so  large  as  to  be  impractical.     The  an 
toxin  prevents  the  effects  of  the  toxin  completely  if  it  1 
injected  in  appropriate  doses  with  or  before  the  toxin;  bw 
if  it  is  injected  after  the  toxin,  ei^cry  delay  diminishes  I 
chances  of  success.     This  can  be  obviated,  to  some  extent. 
by  increasing  the  dose  of  the  antitoxin,  but  only  withtti 
certain  limits.     Antitoxins  should  therefore  be  used  as  eorl 
as  possible  in  the  disease.     The  same  rule  applies  to  bacter 
icidal  sera.     It  is  evident  that  the  results  of  prophylaci 
injections  are  much  more  certain  than  those  wade  apif 
infection.     The  results  are  generally  good  if  the  treatment 
is  begun  at  once  after  infection.     Once  the  symptoms  havt 
appeared,  sitccess  is  very  doubtful  in  most  cases.     Sufficirrt 
toxin  has  already  entered  the  cells  at  this  time  to  be  danger- 
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ous;  the  treatment  will  only  stop  the  further  production 
of  toxin. 

Diphtheria  is  a  notable  exception.  Tn  this  disease,  serious  and  char- 
acteristic symptoms  occur  so  early,  that  the  antitoxin  can  generally 
be  used  in  time.  With  letanus,  a  further  difficuUy  exists  in  the  fact 
that  the  toxin  is  apparently  carried  in  the  nerve  sheaths,  whilst  the 
antitoxin  remains  in  the  general  circulation,  so  tliat  the  toxin  and  anti- 
toxin are  not  readily  brought  tuRether. 

With  the  f'ttcumococcus  and  streptococcus  sera  still  another  difficulty 
arises,  namely  that  there  seem  to  be  a  number  of  varieties  of  these 
bacteria;  the  antitoxic  sera  being  effective  only  against  iho  particular 
variety  by  which  they  were  produced,  and  which  can  only  be  recog- 
nized by  the  fact  that  it  responds  to  the  scrum  —  a  test  which  is  evi- 
dently impractical. 

There  is  reason  to  hope  that  these  various  difficulties  are  not  in- 
superable. At  the  present  time,  the  prophylactic  value  of  the  tetanus, 
snake  antitoxin,  and  diphtheria  antitoxins  is  fully  established,  as  also 
the  curative  effect  of  the  last,  and  under  suitable  conditions,  of  the  two 
first.  Passive  immunization  against  other  diseases  is  still  in  the  ex- 
perimental stale. 

The  essential  principles  of  the  production  and  use  of  immunizing 
sera  are  well  illustrated  by  the  most  inuKirtant,  the 

DTPHTHERI.\  ANTITOXIN. 

Productton. —  The  antitoxin  is  produced  by  injecting  horses  with 
diphtheria  toxm.  /.  e.,  with  filtered  sterile  broth  cultures,  beginning 
with  very  small  doses,  which  are  increased  at  varying  intervals,  ac- 
cording to  the  amount  of  reaction.  This  treatment  is  continued  for 
from  lour  to  six  months,  until  a  high  antitoxic  power  has  been  reached 
(as  determined  on  small  samples  of  blood,  withdrawn  from  time  lo 
time).  The  horse  is  then  bled  from  the  external  jugular  vein,  with 
strict  asepsis.  This  can  be  easily  done  without  anesthesia.  Seven  lo 
twelve  liters  are  collected  in  sterfle  bottles.  As  soon  as  the  serum  has 
separated,  it  is  61tered  through  Bcrkefeld  filters,  and  some  antiseptic 
is  added  (carbolic  acid  or  trikresol).  The  antitoxic  strength  is  de- 
teiTnined,  and  the  appropriate  doses  are  marketed  in  small  flasks,  usu- 
ally provided  with  some  injection  device,  to  obviate  contamination 
during  administration. 

The  antitoxic  power  of  the  scrum  gradually  diminishes  on  keeping, 
especially  at  a  warm  temperature.  To  obviate  this,  dried  sentm  has 
been  prepared,  by  evaporation  in  vacuo  at  a  low  temperature.  This 
is  dissolved  at  the  time  of  administering.  Its  use  is  somewhat  in- 
convenient and  there  is  some  risk  of  contamination  during  solution- 
Standardization. —  The  strength  of  the  antitoxic  sera  has  to  be 
determined  by  testing  its  protective  pnwcr  on  guinea  pigs.  The  original 
immunity  unit  was  ten  times  that  quantity  of  antitoxin  which  would 
completely  protect  a  250  gram  guinea  pig  against  ten  times  the  fatal 
dose  of  toxin;  in  other  words,  each  immunity  unit  neutralizes  a  hun- 
dred fatal  doses  of  toxin. 

Tl  was  found,  however,  that  a  given  scrum  seemed  to  have  a  differ- 
ent antitoxic  value  when  tested  with  different  samples  of  toxin.  This 
was  explained  by  Khrlich  by  the  assumption  that  the  filtered  broth 
culture  contains  several  constituents  capable  of  neutralizing  antitoxin; 
and  that  only  one  of  these  is  toxic.  The  proportion  of  toxic  to  non- 
toxic neutralizing  elements  varied  in   the  several  cultures,  so  that  the 
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neutralizing  and  toxic  qualities  would  nol  go  parallel.  To  obvute 
this  uncertainty  a  standard  serum  was  prepared  from  a  certain  stan- 
dard toxin. 

This  dried  serum,  containing  1,700  units  per  gram,  is  siipphed  bj 
the  Government  Testing  Department  of  Bcrhn  to  the  various  produc- 
ing laboratories.  It  is  here  used  for  determining  the  "  tfst  dosf"  of 
the  toxin  to  be  employed  in  the  actual  standardization.  This  is  tht 
largest  quantity  of  toxin  which  can  bt  completely  mulrnUzcd  by  lltt 
MHiV  of  standard  aMtitoxin,  so  that  a  300  gram  guinea  pig  will  sur- 
vive for  four  days.  This  toxin  is  then  used  in  standardizing  the 
serum  to  be  tested;  the  smaUfst  quantity  of  scrum  which  nrulrahsfs 
a  test-dose  of  the  toxin  contains  one  unit  of  antitoxin.  This  new 
unit,  which  is  now  employed  universally,  is  approximately  equivalent 
to  the  old  unit,  hut  is  more  uniform.  The  standardization  of  other 
immunizing  sera  has  not  been  elaborated  so  fully. 


Administration. —  All  ininnmtzing-  sera  are  inactive  when       ^ 
taken  l)y  t!ie  alimeiitary  canal.     Tliey  are  therefore  injected.    _^ 

with  strict  asepsis,  into  the  I(H)se  sulKutaneous  tissue  of  the ■■ 

hack  or  flank.     Special  sterilizahle  syringes  and  rather  largg    _-* 

needles  must  be  used  for  this  purpose.     A  tube  of  antitoxii a 

once  opened,  should  not  be  employed  again. 

Dosage. —  The  quantity  of  antitoxin  to  be  used  in  cac! 
case  depends  upon  circumstances.  It  is  smaller  in  mil 
cases  and  when  given  early.  The  usual  doses  are:  200  t" 
500  units  for  immunizing:  2.000  units  for  mild  cases:  j.oo^:^* 
for  moderately  severe  cases:  and  4,000  for  severe  casc^^- 
Larger  doses  are  often  used,  to  10,000  units.  The  sanfm^  * 
quantity  is  used  in  children  as  in  adults-.  The  doses  at  ~  ^ 
repeated  two  or  three  times,  at  intervals  of  twelve  hoin 
according  to  the  progress  of  the  case.  If  there  is  no 
provement  after  three  days'  treatment,  it  is  useless  to  c* 
tinuc. 

The  antitoxins  on  the  market  generally  contain  500  unil 
per  c.  c.     For  a  dose  of  2.000  units,  an  injection  of  4  c,  c. 
required,  etc.     The  antitoxin  is  now  dispensed  in  containei 
of  1. 000,  2.000.  3.000.  and  4.000  units. 


Accidents. —  The  injection  of  the  serum  leads  to  the  appearance 

an  erythematous  rash  and   to  a  slight  h>-perpyrcxia.   in  about  a  thi 
of  the   cases :   more   rarely   to  joint-pains.     Tliese   effects   occur  abo 
the  second  week  after  the  injection.     Similar  actions  arc  produced  ^ 
all  other  immunizing   sera,  and  even  hy   nonnal   serum,   so   that  th< 
are   not    due   to  the   antitoxin.     In   fact,   the   injection   of  any   f^reij 
serum  is  more  or  less   toxic.     Horses'   serum  has  the  lowest   loxirij'" 
for  man.  and  it  is  this  fact  which  has  led  to  the  choice  of  this  anini*^ 
in  addition  to  the  large  amount  of  serum  which  can  be  obtained     T** 
occasional    ill   effccls  cannot  be  avoided   at   present:   but  thev  sf  ^^' 
a   serious    inconvenience.     Rarely,    however,   much   more    senn-. 
nomena  arise,  viz.,  prompt  collapse,  which  may  be  fatal.     It  i^ 
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k  that  the  injection  in  these  cases  was  made  into  a  vein,  which  must 
be  carefully  avoided. 

It  has  also  bern  claimed  that  the  antitoxin  increases  the  occurrence 
of  nephritis  and  paralysis.  For  ihis  there  is  no  evidence.  The  ap- 
parent increase  may  be  explained  by  tfic  fact  that  the  severe  cases,  in 
which  these  complications  are  musl  frequent,  die  without  the  anti- 
toxins, whilst  they  arc  saved  when  aniitoxin  is  used. 

Since  the  ill  effects  increase  with  the  quantity  of  serum  injected,  it 
]s  advisable  to  use  sera  of  high  potency. 

Therapeutic  EffecU. —  The  niurlality  <>f  diplitheria  is  re- 
duce<l  by  about  a  third  when  antitoxin  is  used.  The  exuda- 
tion ceases  spreading;  and  clears  more  rapidly;  it  rarely 
extends  to  the  larynx;  the  swelling  of  the  cervical  glands 
subsides;  the  fever  falls  promptly,  and  the  general  condition 
improves  quickly.  The  occurrence  of  paralysis  is  not  af- 
fecte<l. 

The  very  tnuch  snp{*rior  results  of  early  administration 
make  it  incumbent  to  employ  the  antitoxin  just  as  soon  as 
a  well-founded  suspicion  of  diphtheria  exists;  i.  c,  without 
waiting  for  a  prtsitive  diagnosis.  The  possible  dangers  of 
the  treatment  are  so  slight  as  to  he  negligible  in  view  of  its 
great  l)enefits.  It  is  even  advisable  to  employ  immunizing 
jdoses  in  case  of  exposure,  befcjre  the  flisease  develops. 


Serum  Anttdiphtherlcum  (U.S.  P.).— "A  fluid  separated  from  the 
coagulated  blood  of  a  horse,  immunized  through  the  inoculation  of 
diphtheritic  toxin.  It  should  he  kept  in  scaled  glass  containers,  in  a 
dark  place,  at  temperatures  between  4.5  and  15°  C."  Sp.  G. ;  1025  to 
1040.  Loses  10  to  30%  of  it*i  power  in  one  year.  The  standard  of 
strength    shnrld    be    that    cstahlislied    by    the    V     S     Marine    Hospital 


Service.     Average    Dose:    3.000 
tU-S.P.) 


units;    immunizmg    dose:    500    units 


OTHER   IMMUNI7JXG  SKRA. 

The  general  facts  concerning  these  sera  have  been  discussed  in  the 
preceding  section,  and  need  not  he  repeated. 

Tetanus  Antitoxin. —  PrtKiuced  from  horses:  antitoxic,  not  directly 
bactericidal.  The  dose  of  the  dried  serum  is  5  Gm. ;  of  fluid  serum, 
10  to  20  c.  c  The  injection?;  are  rL'pealed  according  10  the  progress 
of  the  case.  The  prophylactic  resuhs  seem  tn  he  excellent,  especially 
when  the  injections  are  made  about  the  wnund.  After  the  symptoms 
have  developed,  the  eflTccts  arc  practically  negative.  According  to 
Meyer  and  Ransom  (1903).  the  results  are  better  when  subdural  in- 
jections  are   used,  or  injections  into  the  nerve-trunk. 

Antivenomous  Serum. —  Generally  produced  from  horses,  immu- 
niied  with  cobra  venom  Calmetta's  serum  contains  2.000  units,  i.  e.. 
r  c  c.  protects  2,000  grams  of  rabbit  aR^iinsl  the  just  fatal  dose.  The  dose 
is  10  lo  30  c.  c.  injected  as  soon  as  possible,  preferably  by  a  vein.  The 
results  are  favorable,  if  used  promptly,  and  it  appears  to  be  effective 
against  all   varieties  of  snake  venom. 

Antipneumococcic    Serum. —  From    horses    or   donkeys,    inoculated 
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with  virulent  cultures,  i  c.  c.  of  Pane's  seriiin.  No.  I,  proiecis  the 
rabbit  against  i.ooo  fatal  doses,  No.  2  against  3,000  fatal  doses,  Bac- 
tericidal. Dose,  10  to  20  c.  c,  twice  a  day,  subculancously,  until  con- 
valescence. Results  uncertain,  on  account  of  differences  in  the  bac- 
teria. 

Antistreptococcic  Serum.—  Bactericidal.  Production  and  resnits 
as  in  the  la.st.  Dose  uncertain.  A  polyvalent  serum  (prc[iared  from 
several  strains  of  bacteria)  is  recommended  early  in  puerperal   fever. 

PIsKue  Serum. —  Bactericidal  and  antitoxic  From  horses  by  inocu- 
lation with  living  cultures.  Dose,  10  to  20  c.  c.  subcutaneously,  two 
or  three  times  on  first  day,  once  a  day  subsequently.  Curative  reiulis 
doubtful.     Prophylactic  good,  but   lasting  only   four  days. 

The  results  with  sera  against  typhoid,  cholera,  tubfrcuhsts  and  rabits 
have  l>cen  so  unsatisfactory,  thus  far,  that  they  require  no  further  dis- 
aission. 

Serum  Agalnit  Hay  Fever.— ;  It  is  claimed  by  Dunbar  that  the 
catarrhal  conditions  known  as  spring  fever,  hay  fever,  etc ,  arc  caufed 
by  toxalbumins  contained  in  the  pollen  of  various  plants,  notably 
grasses  and  cereals,  golden  rod,  rag  weed  and  pigweed.  These  act 
only  on  susceptible  individuals.  By  the  injections  of  these  toxins  into 
animals,  he  has  obtained  sera  for  which  be  claims  a  considerable  suc- 
cess in  treating  patients  (in  about  70%  of  the  cases).  The  serum  has 
been  patented  under  the  name  of  "  Pollantin."  It  is  supplied  in  liquid 
form  and  dried,  and  it  is  to  be  applied  locally  <a  little  of  the  dried 
serum,  about  the  size  of  a  lentil,  snuffed  into  the  nose)  every  niommg 
and  evening  during  the  season.  Further  experience  is  needed  to  con- 
firm  its  value. 

THE  ACTIONS  OF  TOXINS: 

A  common  action  of  all  toxins  and  similar  substances  is, 
that  they  lead  to  the  pro<hiction  of  specific  anti-siibslances, 
which  neutralize  the  toxins,  agglutinate,  kill  or  dissolve  the 
bacteria.     The  production  of  these  antibodies  is  not  gen- 
erally harmful   to  tlie  invaded   organism.     On   the  other 
hand,  the  direct  effects  of  the  toxins  on  the  tissue  are  uni- 
fonnly  deleterious.     These  eflFects  are  partly  local,  partly 
central.     The  Uxal  actions  lead  to  inflammation,  to  necrosis 
or   solution    of   cells,    to    immigration    of    leucccytes,    to 
hemolysis,  etc.     In  the  case  of  soluble  toxins,  similar  effects . 
may  be  produced  at  a  distance  from  the  situs  of  the  bacterial^ 
c.  g.,  fatty  degeneration  of  muscles,  partictilarly  the  hearts 
nephritis;  neuritis;  solution  of  vascular  endothelium,  etc — . 
Central  effects  consist  in  stimttlation  or  depression  of  vari- 
ous parts  of  the  central  ner\'ous  system.     The  most  com — 
mon  expression  of  this  action  is  the  production  of  fever  X 
next  come  vascular  changes,     ^^ore  pronounced  selective 
actions  are  seen  in  tetanus,  snake-bite,  etc. 

The  actions  produced  by  the  different  toxins  are  extremely  numer- 
ous. With  each  toxin,  however,  they  arc  fairlv  limited,  vn  accoiral  o( 
the  specific  affinity  of  the  toxins  for  certain  tissues.    This  determine* 
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the  characteristics  of  the  various  infectious  diseases.  As  these  arc 
sufficiently  described  in  the  treatises  on  medicine,  they  need  not  be 
discussed  here.*  A  few  animal  and  vegetable  toxins  are  of  special 
pharmacologic  importance : 


ANIMAL  POISONS. 

Siuke  Venom  —  Actions. ' — The  effects  of  snake  venom  are  partly 
local,  partly  central.  The  local  effects  consist  especially  in  an  intense 
cellulitis  at  the  site  of  the  bite.  This  is  accompanied  by  swelling  and 
progresses  to  gangrene.  The  blood  is  also  deeply  aflFeclcd.  Its  coag- 
ulability is  alterod.  as  with  albumnoscs.  The  red  blood  corpuscles  arc 
dissolved.  There  is  considerable  tendency  to  extravasation  and  throm- 
bosis.    The  leucocytes  sink  to  25%  of  their  normal  numlwr. 

The  systemic  actions  are  nervous,  and  mainly  central.  The  most 
conspicuous  is  a  bulbar  paralysis  There  is  a  period  of  incubation  (in 
man,  of  about  four  hours*  duration)  :  the  patient  then  becomes  drowsy, 
and  then  presents  an  ascending  paralysis*  of  the  cord  —  r*.  c,  in  the 
order  of  legs,  arms,  larynx,  and  tongue.  This  may  be  preceded  by 
convulsive  movements.  There  is  also  salivation  and  vomiling.  The 
respiration  becomes  dyspneic,  giving  rise  to  asphyxial  convulsions  and 
forming  the  cause  of  death.  Tlie  heart  beats  for  some  time  after  the 
respiration  stops.  A  paralysis  of  the  va.somotor  center  is  frequent 
with  these  poisons,  leading  to  a  fall  of  blood  pressure.  The  latter  is 
in  part  due  to  peripheral  effects  on  the  heart  and  on  the  endings  of  the 
splanchnics.  In  the  heart  the  paralysis  involves  both  ganglia  and 
muscle.    There  is  also  .some  curare  action. 

These  actions  are  common  to  all  snake  venoms;  with  certain  snakes, 
however,  the  local  actions  predominate,  with  others  the  systemic. 

The  fact  that  antivenin  is  eflfective  against  every  form  of  snake  bite 
also  shows  that  the  toxins  of  all  snakes  are  essentially  identical.  The 
local  and  systemic  effects,  however,  are  due  to  separate  toxins;  ac- 
cordingly, the  bite  of  some  snakes  causes  mainly  local  symptoms,  that 
of  others  systemic  effects.  The  hemolytic  toxin  is  an  amboceptor. 
Kves  has  shown  that  the  lecithin  of  the  blood  is  its  complement. 

treatment  of  Snake  Bite. —  The  active  and  passive  immunization 
has  been  discus-cd  on  page  305.  The  treatment  must  he  very  prompt. 
The  wound  should  be  ligated,  expressed,  excised  or  cauterized  Crys- 
tals of  potassium  permanganate  should  Iw  rubbed  in,  or  a  solution  of 
this,  of  chlorinated  lime  or  of  iodin,  should  be  freely  injected  into  or 
about  the  wound.  Medullary  stiniulants.  and  large  doses  of  strychnin, 
are  useful.  The  popular  treatment  with  large  doses  of  alcohol  is  em- 
pirical. 

Certain  lizards  (Gila  monster)  secrete  poisons  having  a  close  resem- 
blance to  that  of  snakes. 

Certain  poisonous  fish  have  glands  analogous  to  those  of  snakes, 
and  the  poison  from  these  produces  a  similar  cellulitis.  Most  instances 
of  u^h  poisoning  are  due,  however,  to  the  eating  of  their  spoiled  meat. 

Scorpions  contain  glands  on  the  abdomen  which  secrete  a  poison 
which  may  have  an  action  similar  to  that  of  snake  venom  Artificial 
immunity  may  be  acquired  by  the  use  of  gradually  increasing  doses, 
and  this  protects   even  against  the   local  reaction. 

Bees,  wasps,  hornets,  mosquitos,  and  ants  secrete  a  poison  which 
produces  a  local  irritation.     This  contains  formic  acid,  but  the  nature  of 

*  A  study  of  Ihc  infections  from  the  pharmacolo^c  gtaadpoint  will  l>c  found 
in  the  first  edition  of  ihi«  work,  on  page*  J91   to  410. 

^  Snake  vrnom*  have  nu  effect  un  intusuria,  bacteria,  or  on  plants,  but  tliey 
arc  taxk  to  all  animiU  alrave  the  hydra. 
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the  active  siibMances,  probably  toxalbumins,  is  not  known.  One  of  the 
most  efficient  antidotes  to  insect-poisoning  is  the  local  injection  of  a 
weak  solution  of  ammonia  water. 

Spiders  secrete  two  poisons  from  separate  glands.  One  has  a  local 
irritant  action,  the  other  is  a  toxalbtmiin  and  possesses  systemic  ac- 
tions. These  consist  in  trembling,  fast  pulse,  cold  sweat,  nausea,  and 
vomiting.  The  effect  is  rarely,  if  ever,  fatal.  A  hemolytic  loxin  is 
present  (Robert,  1902). 

The  skin  glands  of  the  toad  secrete  a  neutral  poison,  which  is  not  a 
toxin,  however.  It  has  a  digitalis  action,  There  is  also  a  hemolysin 
(Fatist.  1902). 

The  skin  of  the  fire  salamander  (^alamandra  maculata)  secretes 
alk^loidal  poisous  which  have  a  local  irritant  and  a  strychnin  action, 
and  if  injected,  produce  death  by  respiratory  paralysis   (Faust.  i8go)- 

Cantharidin,  another  animal  poison  which  is  not  a  toxin,  is  dif- 
cussed  in  another  place  A  similar  poison  is  secreted  by  many  cater- 
pillars. 

The  bodies  of  tapeivorms  contain  a  globniin-poison  whose  actions 
resemble   the   albumoses.     It   produces   hemolysis,   po<.itive   chematoxi*, 

ftaresis,  clonic  convulsions,  etc.  Anchylostoma  contams  an  anlicoagn- 
ant  substance.  It  is  possible  that  the  severe  anemias  which  are  often 
associated  with  intestinal  parasites  may  be  due  to  the  prcHluclion  of 
toxins. 

The  cervical  glands  of  the  common  leech  (Hirudo)  secrete  a  sub- 
istance  (hirudin,  hcmophilin)  which  delays  or  hinders  the  coagtiUtiun 
of  blood,  inside  and  outside  of  the  body  This  stibstancc  is  nnl  de- 
stroyed by  boiling  or  by  alcohol,  It  appears  to  he  a  dcuieroalbumose. 
Therapeutic  Use. —  Leeches  were  at  one  lime  used  extensively  for 
the  abstraction  of  blood  in  local  inflammations.  Dry  or  wet  cupping 
is  now  usually  stibstituted.  but  they  are  still  employed  ivcasionally : 
two  to  four  of  the  animals  arc  applied.  The  skin  should  be  wcIV 
cleaned,  and,  if  necessary,  a  little  milk  should  be  rubbed  on,  to  tempt 
the  animals  to  bite.  They  should  not  be  removed,  but  allowed  lo  fall 
off.  They  cannot,  of  couisc,  be  used  again.  It  is  sometimes  difficnl 
to  stop  the  bleeding. 


TOXIC  ACTION  OF   PROTEIDS. 


ficnLt 


Probably  every  proteid  is  to  some  extent  injurious  when  injecfe 
directly  into  the  circulation.  The  degree  of  toxicity  varies  grcatl 
however. 

Cytolysins. —  It  will  also  be  remembered  thai  the  injection  of  emu 
sions  of  the  cells  of  one  animal  into  another  causes  the  latter  to  pr< 
ducc  substances   which   destroy   the  cells  originally  injected;  e.  g,  )M 
injection  of  an  emulsion  of  the  kidney  cells  of  a  dog  into  the  rabt 
gives  to  the  blood  of  this  rabbit  the   property  of  causing  necrosis 
the   renal   cells  when    injected   into  dogs.     Other  gland  cells   are  »1 
affoclod   hy  the   serum,   but  to  a   lesser  degree.    These   cytolysins  » 
called  hcterolysins  when  they  are  produced  by  the   injection  of  cr"' 
from  another  species,  as  in  the  instance  given.     Cells   from  the  ^*^** 
species  may  also  give  rise  to  cytolysins.  which  are  then  termed  isolj 
sms.     It   may  be  doubted    whether  "it    has   been   demonstrated  thai    "' 
animal  can  produce  cyioly-^ins   (autolysins)   from  its  own  tiv*.nes.  ^ 

Blood  Serum. —  The  injection  nf  the  hlood  ^enim  of  certain  animJU* 
into  other   'Species  causes  severe  efTect'^.  especially   when  the  inject*^ 
is  made  rapidly.     (The  more  mild  cfifects   were  described  on  page  ,»#* 
The  symptoms  of  the  severe  action  consist  particularly  in  fever,  fall*' 
blood  pressure,  general  convul';ions  with  opisthotomos.  d>spnea,  parair 
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myoftis,  and  coma.  Nephritis  is  frequent  Hemolysis  is  a  common 
effect,     it  is  produced  hy  toxins  (amboceptors). 

The  most  toxic  of  all  sera  appears  to  be  that  of  the  eel. 

Albumoscs  and  Peptones. —  The  intravenous  injection  of  these  sub- 
stances causes  fever,  and  a  considerable  fall  of  Hood  pressure,  due  to 
vasomotor  paralysis,  especially  of  tliv  splanchnic  area.  It  i&  still  under 
discussion  whether  this  action  is  central  or  [>enpheral.  The  sccreiiotu 
—  and  particularly  the  lymph  —  arc  increased,  perhaps  by  this  vaso- 
dilatation. 

The  albumoses  have  a  peculiar  effect  upon  the  coagulability  of  the 
blood.  Very  small  and  very  large  doses  hasien  the  coagulation,  whilst 
ordinary  doses  retard  it  'n  most  animals.  The  effect  is-  not  seen  on 
shed  blood,  but  appears  to  lie  due  to  the  stimulation,  by  the  albumosc, 
of  the  production  of  substances  favoring  coagulation.  The  liver  seems 
to  be  necessary  for  this  process. 

It  has  1>cen  claimed  that  these  actions  of  albumoses  are  due  to  the 
presence  of  foreign  toxins ;  but  the  most  recent  work  ( Underbill, 
igo3)  again  refers  the  toxicity  to  the  proteoses  themselves.  Prota~ 
mitu,  histoHcs,  etc.,  seem  to  have  similar  actions   (Thompson,  igoo). 


I 


TOXINS    OF   HIGHER    PLANTS  — PHYTOTOXINS. 

Typical  toxins  occur  in  the  castor  oil  bean  fricin) ;  jcquirity  t>ean 
(abrin):  croton  bean  (crotinl,  and  in  others.  The  three  which  have 
been  nained  arc  the  most  important.  They  resemble  each  other  very 
closely  in  action,  and  are  I'cry  fowcrfui,  crotin  being  the  weakest.  Their 
admini>tration  leads  to  the  prcKluction  of  atititoAinSr  so  that  an  im- 
munized animal  can  survive  5,00a  ordinary  fatal  doses  of  ricin.  (The 
agglutinating  reaction  of  the  red  blood  corpuscles  is  not  lost  in  im- 
munization.) 

So  ricin  or  crotin  is  present  itt  castor  oil  or  croton  oil.  There  is 
still  some  discussion  as  to  whether  these  toxins  are  true  proteids. 
The  most  recent  work  seems  to  show  that  they  are,  for  a  prepara- 
tion of  ricin  ha<i  been  obtained,  which  is  a  typical  iiibnniin.  and  which 
is  so  active  that  0.0005  "^K-  is  fatal  to  a  kilo"grani  of  rabbit;  i.  c,  one 
part  of  the  ricin  is  fatal  to  2.000AXX)  parts  of  rabbit;  the  fatal  dose  for 
man  would  therefore  be  about  0.035  mg.  or  '/»«»  grain  ( Osborne,  Men- 
del, .ind  Harris,  1905).  The  agglutinnling  action  is  al.*;o  very  powerful. 
Frogs  have  a  much  higher  resistance,  but  this  is  lessened  by  raising 
their  lempcralnre.  Ricin  is  digested  by  tr>-psin;  it  is  excreted  by  the 
intestine. 

Ricin  is  the  most  important  of  the  phytotoxins.  The  eating  of  cas- 
tor beans  has  repeatedly  caused  poisoning;  three  or  four  beans  may 
Ciusc  violent  gastroenteritis,  with  nausea,  headache,  vomiting,  colic, 
tloofly  diarrhea,  thirst,  emaciation,  and  great  debility.  The  symptoms 
usually  do  not  sot  in  until  after  several  days.  More  severe  intoxica- 
tions cause  ?mall  frequent  pnUc.  cold  sweat,  icterus,  and  convulsions. 
Death  occurs  from  the  crmvulsions  or  from  exhaustion.  The  fatality 
is  about  6%.  This  small  fatality  is  due  lo  llic  destruction  of  the  poison 
in  the  stomach-  The  actions  can  be  best  studied  on  rnhbits.  by  hypo- 
dermic or  intravenous  injections.  They  are  partly  local  —  gastroenter- 
itis; and  partly  central — pnralysis  of  the  respiratory  and  vasomotor 
centers.  The  local  inflammation  aho  nccurs  nn  other  mucous  mi*m- 
branes  to  which  the  poison  may  be  applied,  especially  the  conjunctiva. 
(The  phytotoxins  have  no  effect  on  isolated  muscle-nerve  preparation. 

The  autopsy  findings  are  very  characteristic.  They  consist  in  swelW 
ing  and  reddening  of  Peyer's  Patches,  internal  hemorrhages,  and  swell- 


400 


TOXINS   AND   ANTITOXINS. 


CH.    XVIU. 


ing  of  the  reiroperitoneat  lymph  glands.  The  site  of  the  injection  is 
boggy. 

Outside  of  the  body,  ricin  causes  agglutination  of  the  rtd  blood 
corpuscles  of  all  animals.  This  action  does  not  seem  to  occur  with'm 
liie  body. 

Abrin,  a  toxalbumin  from  Jequirit}'  bean,  resembles  ricin  so  closely 
in  its  action  that  the  difference  was  only  established  when  it  was 
noticed  that  immunity  against  one  did  not  constitute  immunity  agamsi 
the  other.  When  the  whole  beans  arc  swallowed,  no  toxic  effect* 
result,  since  the  shell  is  so  hard  thai  the  poison  docs  not  dissolve.  But 
if  the  pt)wder  is  taken,  it  produces  effects  similar  to  ricin.  The  actiiw 
on  the  eye  is  much  stronger,  causing  ophthalmitis.  This  is  sometimes 
utilized  therapeutically,  but  is  not  justitiable.  since  it  is  impj.is'iiblf  to 
control  the  action.  This  inconvenience  has  recently  been  overcome 
by  employing  standardised  solutions  and  checking  the  action  with  an 
antitoxic  serum. 

*  Abrus  precatorius.— y^^uin/y  Bean.  Prayer  Bean, —  Papilionacese; 
tropics.  An  infusion  may  be  made  by  macerating  the  powder  with  50 
parts  of  cold  water. 

Phallin  and  Helvclla-acid. —  These  arc  toxalbumins  contained  in 
Hclvclla  csculenta,   Amanita  phalloides.  and   otiier  mushrooms. 

Their  action  consists  especially  in  a  very  marked  solvent  power  on 
red  blood  corpuscles,  similar  to  that  produced  by  saponins,  but  oc- 
curring inside  the  body.  This  results  in  extravasation  of  blood,  dii* 
solution,  and  a  number  of  similar  actions.  Some  of  their  effects  art 
also  primary.  The  symptoms  show  a  close  analogy  to  yellow  atrophy 
of  the  liver.  These  symptoms  appear  only  after  hours,  or  sconetimc} 
after  days.  They  consist  in  gastro-entcritis,  cold  sweat,  somnolence, 
headache,  delirium,  coma,  convulsions,  cyanosis,  fever,  hemoglobinurii. 
and  albuminuria  or  anuria. 

These  poisons  are  destroyed  by  drying,  or  may  be  removed  by  hot 
water,  so  that  these  mushrooms  may  be  eaten  with  impunity  after  thif^ 
treatment. 

TUBERCULIN. 

This  intracellular  bacterial  toxin  has  some  therapeutic  interest 
original  tuberculin  of  Koch  is  a  sterile  glycerin  extract  of  the  bodie- 
of  tuliercle  bacilli.     Its  injection  has  no  e^ect  on  normal  animals:  b\v 
even  very  minute  doses  cause  an   intense  reaction  in  tuberculous  am 
mals.     This  is  shown  by  the  production  of  fever,  and  by  acute  inflanv — 
matory  changes  al)out  the  nodules.    This  may  lead  to  the  conversioi 
of  tJie  ni>du]e  into  fibrous  tissue,  and  may  thus  effect   a  cure;  on  th 
other  hand,  it  may  cause  necrosis,  and  lead  to  a  further  disscminacioi 
of   the   tuberculous    process.     It    may   be    of   benefit    in    lupus   and 
tubercular  joints.     For  this  purpose,  gradually  increasing  do»cs  art  in- 
jecied  hypodcrmically  into  the  back.     It  is  well  to  begin  with  '/»*•  c c» 
mcreasing  by  V.™..  c  c.  until  '/,«  c.  c.   is  reached :   it  is  then  tncrea5c<l 
by  V»»  c.  c.  until  Vim  c.  c.  is  reached.     Larger  additions  may  thcn^ 
made.    The  total  dose  should  not  exceed  Vw  c.  c.  as  a  rule.     The  dil«" 
tions   are  made   with   0.5%   carbolic   acid.     In   pulmonary   tuberculosis 
its  use  is  distinctly  dangerous.     It  should  be  remembered   that  it  ha* 
no  direct  effect  on  the  hacilH. 

The  greatest  value  of  tuberculin  is  as  a  means  of  (fiagnosis.  A  rise 
of  temperature  of  1*  F.  is  taken  as  the  index  of  (he  reaction.  Tbf 
injection  should  be  made  between  6  and  8  p.  M. :  and  the  tcmperatuf* 
on  the  next  day  taken  every  three  hours.  (The  normal  temperatuft 
should  be  ascertained   for  two  days  previously,)     The  first  fnjectiofl 

*  Not  official. 
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sIkwM  be  VwM  c.c.  for  adults,  '/*••  to  Vj^  c.  c.  for  children.    If  there 
is    no   reaction,   another    injection   of   '/loo   c.c.    {for   children   Vim   to 
^/%mm  C.C.)   is  made;  and  if  necessary  a  third  injection  of  7i«  c.c.   (for 
children  '/)••  to  '/»)•    When  given  in  this  guarded  manner,  there  is 
practically  no  danger.     A  positive  reaction  is  not  quite  distinctive,  since 
«  is  sometimes  seen  in  other  affections.     The  lest  is  also  widely  used 
U>r  the   deleclion   of   tuberculous  cattle.     Another   form   of  the   tuber- 
culin  (Tuberculin  R)   has  been  prepared  by  the  extraction  of  cultures 
town  on  solid  media.     It  is  somewhat  milder,  but  no  more  successful; 
Ijnd  it  has  been  found  to  contain  living  bacilli,  so  that  its  use  should 
oc  condemned. 


CHAPTER  XIX. 

THE  SERIES  OF  HYDROCARBON  NARCOTICS. 

-ALCOHOL.  GENERAL  ANESTHETICS    HYPNOTICS, 
FORMALDEHYD. 

(A)  GENERAL. 
rFLUENCE  OF  CHEMIC  STRUCTURE  ON  ACTION. 

This    series   includes    all    such   hydrocarbon   componndie  —  derivatives 

u  ^^"*   scries   CnH;n4-j  —  in  which   the  hydrocarbon  portion   is 

the  active  part.     In  order  that  they  may  exert  their  specific   pharma- 

<oif'UMr    action,    it    is    necessary    that    they    be    capable    of    absorption 

^^  .distribution   in   the   liquids   and    tissues   of  the   body.     This   may 

(W  cilhcr  by  direct  solution,  as  in  the  case  of  chloral;  or.  in  virtue  of 

"**'    volatility,    as    with    chloroform.     Members    of    the    series    which 

1^   neither   soluble   nor   volatile  —  such   as   iwraflRn  —  have   no  action. 

..^^^'  is  reasf.m  to  believe  that  the  physiological   action  depends  on  a 

'n  of  the  fatty  constituents   (lecithin  and  cholestcrin)    within   the 

This   15    determined   by   the   solubility  roHHcient.   viz.,   the   solu- 

i'led  by  the  solubility  in  water.     This  factor,  and  there- 

ijic  action,  varies  in  a  definite  manner  with  changes  in 

-■  iiiposition. 

I  nee   of  chcmic   structure   upon   the   action   has   been   very 

^  'I   in   this   series.    The   following  conclusions  appear   jusli- 

^'^      Uihrr  things  being  equal,   the  strengtii   of  action  increases   with 

1^    /'^crh  of  the  chain;  the  greater  the  value  of  n.  the  stronger  will 

]^  1  *     A  limit  is  soon  reached,  however,  for  the  drugs  become 

.'  and  les«  soluble  the  higher  they   stand  in  the   scries;   so 

1  ^   nins  are  entirely  insoluble  and  inactive.    The  ethyl 

!■>  be  best  adapted  to  therapeutic  purposes.    Tlie 

•  ...._.    „».  iii.,^iacd  by  replacing  the  H  of  the  group  by  other  ele- 

Ignjbc  botUncpohit    anil    tbe    relative    toxicity   of    the    ilcoboli    ire    given   ai 

BoiLINO-PoiIfT.  TOXICITT     (Bah). 
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ments  or  groups.  The  compounds  so  formed  all  possess  the  typic&l 
action  of  Oie  hydrocarbon  group;  but  this  may  be  so  overshadowed  by 
other  actions  as  to  be  scarcely  appreciable.  A  good  example  of  this 
is  the  introduction  of  the  group  NO3.  This  acts  very  much  more 
strongly  than  the  hydrocarbon  part  of  the  molecule,  and  consequently 
the  nitrite  action  is  obtained  long  before  there  can  be  any  hydrocarbon 
action.  The  same  is  true  i(  we  substitute  an  aromatic  radicle.  The 
introduction  of  certain  other  radicles  weakens  the  hydrocarbon  action 
to  a  very  great  extent.  We  may  mention  especially  the  acid-forming 
radicle  COjH.  The  introduction  of  hydrocarbon  radicles  into  an  amin 
molecule  destroys  their  action  entirely.  The  introduction  of  more 
than  one  OH  group  also  weakens  or  destroys  the  action.  Aldehyds 
and  ketones  arc  more  active  than  the  corresponding  alcohoU-  The 
introduction  of  the  halogens,  and  especially  of  CI.  often  enhances  the 
action,  but  this  is  not  proportional  to  the  number  CI  molecules  intro- 
duced. The  introduction  of  O  (ethers)  also  increases  the  action.  The 
introduction  of  acids  (esters)   weakens  it 

II.  THEORIES  OF  THE   ACTION  OF  HYDROCARBON 

NARCOTICS. 

Alcohol  and  the  members  of  this  group  are  aniongsl  the  very  few 
drugs  with  which  it  has  been  attempted  to  reach  the  real  explanation 
of  the  phenomena,  and  to  go  behind  the  bare  statement  that  they  act 
stimulalingly  or  depressingly  on  such  and  such  structures.  A  number 
of  hypotheses  have  been  advanced,  hut  the  question  cannot  be  consid- 
ered as  conclusively  answered. 

In  the  first  place,  it  was  suggested  that  these  narcotics  rendered  the 
blood  incapable  of  rtottn'shitig  the  brain,  in  some  mysterious  manner. 
But  since  chloroform  acts  upon  a  frog  whose  brain  has  previously 
been  deprived  of  all  nourishment  by  replacing  its  blood  with  normal 
salt  solution,  this  theory  cannot  stand.  The  same  objection  holds 
against  the  theory  thai  the  narcosis  is  produced  by  insufficient  nourish- 
ment of  the  hrain  through  disturbances  in  its  circulation.  Nor  are 
all  observers  agreed  on  just  what  these  changes  are;  they  must  be 
looked  upon  as  incidental  rather  ihan  eansativc.  They  are  due  proba- 
bly to  the  effects  of  alcohol  on  the  circulation  elsewhere  —  the  dilata- 
tion of  the  splanchnic  and  cutaneous  vessels,  etc.  It  must  be  consid- 
ered as  proved  that  these  narcotics  act  directly  upon  the  nervc-cella. 
In  regard  to  this,  there  are  three  main  theories,  two  based  upon  chemic, 
the  other   upon  histologic,  evidence. 

Claude  Bernard  was  inclined  to  refer  the  action  to  a  &emi-eoagHlation 
of  the  f>rotopiasm .  !)ut  his  view  was  based  solely  on  analogies.  Bina 
showed  histologically  that  the  cells  of  fresh  brain  sections  are  coag- 
ulated by  solutions  of  chloroform  or  morphin ;  hut  he  had  to  employ 
relatively  enormous  concentrations,  nor  could  it  be  supposed  that  the 
coagulated  cells  could  ever  resume  their  activity.  None  of  these 
theories  are  therefore  satisfactory. 

Meyer  and  Overlon  independently  discovered  the  fact  that  the  anes- 
thetic action  is  proportional  to  the  coefficient  of  solubility,  i  e..  the 
solubility  in  oils,  divided  by  the  sohibility  in  water.  In  other  words, 
the  narcotic  action  zaries  ti'iih  the  solvent  po7ver  for  fats.  This 
forms  the  basis  of  their  theory,  namely,  that  the  anesthesia  is  pro- 
duced by  a  fluidification  of  the  fatty  (lipoid)  constituents  of  the  nerve- 
cells  (especially  lecithin  and  cholesterin),  upsetting  in  this  way  the 
normal  conditions.  The  action  cannot  be  due  to  an  actual  removal 
of  fat  from  the  cell,  nor  to  alterations  of  the  permeability  of  the 
cell   wall,  because  recover}'  occurs  very  promptly  when  the   anesthetic 
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IS  removed;  direct  cxpcrimenis  also  speak  against  this  nicchanisni. 
The  ibeory  does  not  apply  to  alkaloidal  narcotics,  such  as  inorphin. 
T/iij  theory,  thai  the  anfsthftic  action  is  due  to  a  solution  of  the 
lipoids  ii,ithiH  the  cell,  agrees  best  uith  the  facts,  and  may  therefor  b€ 
accepted. 

For  instance,  if  the  lhcor>*  is  correct,  every  absorbable  substance 
which  is  a  fat-solvent  should  have  an  anesthetic  action;  tliis  should  be 
seen  m  all  cells  (since  ever>'  cell  contains  lipoids^  ;  it  should  occur  in 
the  same  concentration  of  solution;  the  anesthetic  action  of  a  mixlure 
should  equal  the  simple  sum  of  the  actions  of  its  constituents ;  the 
eflTeci  should  he  proportional  to  the  concentraiion.  and  not  to  the  ab- 
solute dose.  etc.  These  are  llie  actual  (acts.  The  relation  of  coH' 
crntratton  to  action  is  especially  interesting.  Precisely  the  same  con- 
centration of  chloroform  or  ether  produces  the  same  degree  o£ 
Anesthesia  in  all  cells  (excepting  plants  and  a  few  invertebrates). 
For  instance,  ordinary  anesthesia  required  in  all  animals  a  concentra- 
tion of  anesthetic  to  serum,  of  ether,  i  :40o:  of  chloroform,  i  :  4,500 
to  6(000:  but  cold-blooded  animals  reach  the  same  concentration  in  the 
l^otxl  with  a  lesser  concentration  in  the  air,  on  account  of  their  lower 
temperature. 


n  *  I 

fr'S.  U— Alcohol    on    rurkinjr    celU,    cut  —  N'iul    ftain    faftrr    C.    C.    Stewart): 
I,  Normftl;  2,  alcohol  for  fifty  tninutrs;  .1,   for  fifty-four  hours. 


_f  r  tnay  well  be  suppowd  that  the  changes  in  the  physical  composition 

^      ''^  cell    will    produce    corresponding    change*    in    their    histologic 

■'lore     Nfost   of  these   would  probably  disappear  in   the  process  of 

.  '     'nil.    hut    certain    of    them    appear    to    persist.     A    diminution    and 

1  of  the  Nissl  granules  has  been  described  by  good  observer*  after 

■'■•^V  anctthr«iia    (Fig.    80) ;    other   observers   have    not    been    able    to 

^/tifirm  this,  and  the  changes  may  be  only  artifacts.     It  is  also  stated 

'  "^  'he  dendrite*  of  many  pyramidal   cells  show  moniliform  enlarge- 

^^'tcthe  alterations  disappearing  completely  within  forty-eight  hours, 

*^  mktm  cAtued  by  chloroform  anesthesia  of  nine  hours'  duration. 


i::::^^  ^^-^ 
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Tn^^ause  similar  irritations  in  other  organs.  Tliese  are 
most  marked  in  the  ikcr  and  kithtrys,  and  result  in  inHam- 
matory  changes,  especially  interstitial.  If  the  course  of  the 
poisoning  is  slow,  as  in  alcohol,  contuxtn'c-tissuc  prolifcra- 
tiott  and  fotty  degeneration  are  the  principal  lesions.  Chlo- 
rofonn  and  ether  produce  intlammation  of  the  kidneys  much 
more  quickly  than  alcohol;  a  single  administration  may  re- 
sult in  typical  acute  nephritis  with  albumin,  casts,  hemo- 
globin, etc.  It  is  scarcely  necessary  to  assume  a  special 
susceptibility  of  these  organs  toward  the  local  action  of  the 
series,  since  they  are  situated  respectively  at  the  jtortal  of 
entry  and  of  exit,  where  the  tlrugs  are,  uf  ctnirse,  in  the 
most  concentratetl  form. 

Smaller  doses  of  alcohol  cause  diuresis  through  this  irri- 
tant action. 

In  addition  to  their  coagulant  action,  the  insoluble  and 
volatile  members  of  the  series  irritate  as  molecular  foreign 
bo<l!es,  since  they  penetrate  tissues  readily  by  virtue  of  their 
volatility,  but  do  not  mix  with  their  constituents.  On  this 
quality  rests  llieir  employment  as  embrocations :  they  prcn 
duce  a  slight  but  deep  irritation.  When  applied  to  the 
skin,  this  results  in  /edness  and  a  sensation  of  burning. 
which  in  the  case  of  some  (chloroform)  becomes  very  pain- 
ful. This  is  followed  by  local  aiwsfhesia.  Alcohol  in 
greater  dilution  (25%  to  50%)  prothices  an  increase<l  cell 
division  when  applied  tn  wounds,  and  an  increased  secretion 
of  digestive  juices  and  more  rapid  absorption  when  taken 
by  the  stomach. 

When  the  more  volatile  members  are  applied  to  the  skin  and  allowed 
to  evaporate,  this  abstracts  heat,  resulting  in  a  sfitsatioH  of  coolness, 
in  place  of  the  burning  noticed  if  they  are  mhbcd  in  or  covered.  This 
abstraction  of  heal  may  be  carried  to  actual  freezing  of  the  tissues  by 
using  the  volatile  substance  in  the  form  of  spray  —  a  method  made 
use  of  for  Ihe  production  of  local  anesthesia.  fScc  p.  22^.)  Some 
also  cause  stimnlatinn  of  the  trcrves  of  Uste  and  smell;  the  bouquet 
of  wines  and  liquors  is  due  to  members  of  this  series — for  the  most 
pari  unknown  —  and  grouped  together  under  Ihe  name  *' (enanthic 
rlhrrs." 

Applied  directly  to  a  muscle  or  nerve,  they  act  like  any  cither  pro- 
toplasmic poison,  producing  increase  and  then  diniinution  of  function. 
They  also  paralyze  cilia,  and  in  fact,  all  cells,  nnimal  and  veRctablc. 

When  injected  near  a  ncrve-trnnk.  they  may  cause  paralysis  due 
to  a  rircumseril)ed  neuritis  —  a  fact  important  to  bear  in  mind  in  mak- 
ing hypodermic  injections  of  alcohol  or  ether  or  of  alcoholic  ex- 
tracts. 

The  conductivity  of  the  nerve  is  lowered,  as  well  as  its  excitability; 
for  if  a  nerve  is  exposed  to  ether  vapor,  stimulation  at  the  proximal 
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end  ceases  to  be  effectual  much  sooner  tlian  at  the  distal  end.  The 
excitability  is  recovered  if  the  ether  is  washed  off  in  lime.  With 
chloroform,  recovery  is  more  dilTiculL 

The  coagulating  action  also  determines  the  antiseptic 
properties  of  this  series.  Their  efficiency  is  much  less  than 
that  of  the  aromatic  group.     Formaldehyde  is  an  exception. 

Iodoform  owes  its  action,  not  to  the  hydrocarbon  part  of  its  molecule, 
but  to  the  iodin  liberated  from  it. 

The  hydrocarbons  are  also  very  efficient  parasiticides. 

They  are  of  no  great  value  as  anthelmintics,  since  they  are  too 
rapidly  absorbed  and  produce  too  great  a  local  irritation. 

3.  The  action  upon  the  central  nervoua  Bystem  is  purclv 

depressant,  according  to  nv)st  pharniacDlngists.  It  agrees 
with  morphin  in  affecting  primarily  the  higher  psychic  func- 
tions, hut  dififers  from  it  in  lowering,  instead  of  heightening, 
the  reflexes. 

Four  stages  may  be  disting^iiished  in  this  ner\*ous  action: 

1.  The  so-called  "  simulant  "  stage,  when  the  activity  of 
certain  centers  appears  increased. 

2.  The  mircotic  stage.  In  which  a  marked  lowering  of 
the  psychic  functions  and  a  disturbance  of  the  "  balance  of 
the  brain  "  become  apparent. 

3.  The  anesthetic  stage,  with  loss  of  motion,  of  con- 
sciousness, of  sensibility  to  pain,  and  of  some  reflexes, 

4.  The  paralytic  stage,  with  total  abolition  of  the  cere- 
bral, spinal,  and  lastly  of  the  medullary  centers,  the  latter 
causing  death. 

This  description  applies  to  all  the  hydrocarbons  which  may  be 
classed  in  this  series.  But  great  differences  exist  in  the  readiness  wifh 
which  one  stage  passes  into  the  other.  These  differences  arc  merely 
quantitative.  Alcohol,  ether,  and  chloroform,  for  instance,  form  1 
regular  series  in  this  respect.  But  this  difference  is  an  extremely  im- 
portant one  practically,  so  that  it  will  be  better,  in  so  far  as  the  action 
on  the  central  nervous  system  and  the  therapeutic  uses  are  concerned, 
to  subdivide  the  subject  into  three  groups,  placing  alcohol  in  one.  the 
general  anesthetics  in  the  next,  and  the  hypnotics  of  the  hydrocarhon 
series  in  the  third.  A  fourth  group  is  constituted  by  formaldchyd. 
which  is  not  anesthetic,  but  antiseptic. 

(B)  THE  ALCOHOL  GROUP. 

I.    THE   STIMULANT   OR    EXCITEMENT   STAGE 

is  obsen'ed  in  most  cases  after  taking  "moderate"  dosics 
of  alcohol  —  a  quantity  not  easily  expressed  in  aibic  ccnti- 
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meters.  The  phenomena  are  only  loo  well  known.  They 
are.  at  first  view,  typical  of  stimulation.  There  is  an  in- 
crease in  the  rate  of  the  respiration  and  of  the  heart;  the 
blood  pressure  rises.  The  skin  is  reddened,  with  a  grate- 
ful sensation  of  warmth  and  comfort.  There  is  an 
increased  i^ivacity  of  motion,  action,  and  speech,  whicli 
latter  may  acquire  a  stamp  of  brilliancy,  even  of  inspira- 
tion. The  subjective  condition  of  the  individual  also 
undergoes  a  peculiar  change. 

Shyness,  if  it  ordinarily  exists,  is  replaced  by  self-confidence.  The 
pcnon  under  the  influence  of  alcuhol  feds  an  unlimited  confidence  in 
his  own  powers  and  accomplishments,  both  intellectual  and  physical. 
He  will  allempt  very  difficult,  even  impossible,  tasks,  and  feel  that  he 
accumplishes  tlieni.  And  he  similarly  overestimates  the  productions  of 
others.' 


These  manifestations  are  so  conspicuous  and  apparent. 
tliat  alcohol  in  proper  doses  has  been  considered  a  typical 
stimulant :  this  opinion  is  still  held  by  some  eminent  pharm- 
acologists. However,  the  experimental  study  of  its  actions 
tends  to  ilie  conclusion  that  fezi\  if  any,  of  these  actions 
depend  upon  true  direct  stimulation  of  the  nerve-centers; 
Jjut   that  they  are  the  indirect  result  of  incoordination,  of 

ccssory  factors  of  environment,  and  of  reflex  stimula- 
tions. 

If  the  phenomena  be  somewhat  more  closely  inquired 
into,  this  will  become  ap])arent  at  once.  Of  the  physical 
phenninena.  the  fluihing  of  the  cutaneous  vcssela  —  to  which 
the  sensation  of  wannth  nuist  Ik*  attributed  —  occurs  as  the 
result  of  a  vasomotor  paralysis,  restricted,  it  is  tnie.  to  this 
area.  The  quickened  pulse  results  partly  from  reflexes 
causetl  by  swallowing  and  by  irritation  of  the  mucous 
membranes,  partly  from  the  increased  excitement  and 
motion ;  not  at  all  frr)m  a  direct  action  on  the  cardiac  ner- 
vous or  muscular  mechanism  —  for  it  is  entirely  absent  in 
animals,  and  very  brief  in  man  if  the  factor  of  excitement 
be   eliminated.     The  quickening  of  the  respiration  is  also 

largely  due  to  similar  causes. 


XI**"  increase  occurs,  however,  even  in   sleep,  so  that  the  factor<>  of 
eorironment   are  not  essential.     Nor  can  it  be  affirmed   that  it  is  due 

*  So  b«tlcr  dcicriptian  of  thefte  <ff«ct»  can  be  given  than  that  of  Horace: 
»>a-^-h...  _.  _,,|ry,  does  not  wineT  It  rliicloiir»  «rcrct«:  ratifin  and  confirm*  our 
^  ?«   the   coward    forth    to   l»attlr:   eMC-«   the   anxiou*   mind   of   U«    burthen: 

jp,,  arti-     Whom    hoj    not   a    cheerful    glass    made   eloquent:     Whom    not 

MUic    lire    vo*^   **>y   from    |iinchinic  iMvcrlyl" 
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to  reflex  irritaticm,  for  other  irritants  do  not  produce  an  equivaleirt 
effect  The  increase  is  qiiiie  large;  the  amount  of  respired  air  may 
be  doubled.  The  effect  is  especially  lar^e  in  fatigue,  and  is  greater 
with  wines  and  liquors  rich  in  "  bouquet,  *  than  with  dilutions  of  pure 
alcohol  (Binz,  i903>. 

The  psychic  phenomena  find  their  explanation  in  a  dulling 
uf  certain  mental  faculties  whilst  others  are  still  practically 
unaffected  —  in  a  disturbance  of  what  has  been  called  the 
"  normal  balance  of  the  brain."  The  first  functions  to  be 
lost  are  the  finer  g-rades  of  judgment,  reflection,  obsen-a- 
lion,  and  attention  —  tlie  facuUieA  which  have  largely  been 
acquired  through  education,  and  wliich  constitute  the  ele- 
ments of  tlie  restraint  and  prudence  which  man  usually 
imposes  on  his  actions. 


Thus,  to  quote  a  well-known  example:  The  orator  no  longer  con- 
siders that  he  may  be  called  to  account  for  his  utterances ;  he  allows 
himself  to  be  carried  by  the  impulse  of  the  moment,  without  reflecting  ~~ 
on  ultimate  cnnsequenccs,  and,  as  his  exj)rcssions  become  freer,  they 
acquire  an  appearance  of  warmth,  of  feelmg.  of  mspiration.  And  not 
a  iitttc  of  this  inspiration  is  contributed  by  the  audience,  who  are 
usually  in  a  similar  condition  of  increased  appreciation. 

The  view  that  alcohol  increases  the  intellectual  and  physi^ 

cal  powers  of  the  individual  is  shown  by  actual  experiment 
to  be  erroneous,  and  based  almost  entirely  upon  the  sub- 
jective conditions  of  the  individual,  his  weakened  faculty 
of  judgment. 


Er^ographic  experiments  show  that  moderate  doses  (lo  Gm.)  at 
first  mcrejsc  the  power  of  voluntary  muscular  work  (to  9%>,  hut  in. 
one-half  hour  diminish  it  to  6%  below  normal.  The  increase  is  onlr 
seen  when  the  muscle  is  not  too  much  exhtiusted,  but  it  is  favored  by* 
moderate  fatigue.  The  favorable  effect  appears  to  be  due  partly  f* 
the  direct  food-value  of  the  alcohol,  partly  to  a  central  action.  The 
depression  is  purely  central    (Hellsten,  1904). 

On  frofi's  muscU.  minute  quantities  ha\*e  no  effect;  moderate  do»e» 
exert  a  favorable  action  on  all  the  tcatures  of  muscular  activity:  larger 
quantities  are  vcrj'  unfavorable  CLce  and  Salant,  kjoj). 

Kraepclin,  who  has  probably  done  the  most  extensive  accut^te  work 
on  the  psychic  effects  of  alcohol,  states  it  as  his  opinion  that  the  Asso- 
ciation of  words  and  ideas  is  favored  by  it,  but  that  tlie  rapid  associa- 
tion of  disconnected  syllables,  as  in  psychologic  experiments,  is  dimin- 
ished.    Memorisation  is  not  interfered  with. 

Experience  soon  teaches  this  lesson :  that  alcohol  does  not  really 
stimulate.  Persons  who  have  to  underKO  severe  exertion,  either 
physical  or  intellectual,  very  rarely  take  alcohol  before  or  during  their 
labor,  but  only  wheti  this  is  finished.  And  then  not  for  any  stimulat- 
ing, but  really  for  its  depressing,  effect;  for  the  feeling  of  comfort 
and  general  relaxation  which  it  induces.    The  continued  use  of  large 
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los^s  of  alcohol  greatly  diminishes  the  activity  of  the  individual,  and 
v«-a-i  moderate  doses  tend  to  have  the  same  effect 

,  -.*^nother  very  characteristic  feature,  evidently  resulting 
loxn  this  paralysis  of  the  higher  functions  is  the  loss  of  the 
f^^^-'cr  to  control  moods.  There  may  be  causeless  merri- 
^■it  or  sadness,  friendliness  or  the  opposite.  It  is  inter- 
tixig  to  note  how  often  alcohol  brings  out  the  true 
lEtracter  of  an  individual  by  this  aholilittn  of  restraint: 
TT^liere  is  truth  in  wine/*  On  the  other  hand,  the  habits 
t  self-control,  where  they  have  been  cultivated,  persist  to 
:>me  extent  even  in  int*)xication. 

These  facts  being  established,  it  may  be  asked :  Why  do 
ifc  cotttifiut"  to  sf>cak  of  alcohol  as  a  stimulant  f  How  may 
;\ie  undoubted  benefits  in  general  debility,  in  shock,  in  high 
lever,  etc.,  be  reconciled  with  the  view  that  alcohol  does  not 
•stimulate  the  central  nervous  system?  The  answer  must 
V>e  that  the  explanation  is  not  the  same  in  all  cases,  but  that 
it  is  in  no  case  necessary  to  assume  any  direct  stimulant 
action.    This  will  be  discusse<l  in  the  therapeutic  part. 


n.  PARALYTIC   STAGES. 

he  symptoms  of  the  first  stage  heing  so  largclv  paralytic,  it  i«  plain 
It  fm  r)iArp  line  can  be  drawn  belwcen  it  and  the  second  stage:  and, 
B'Url).  ihcre  is  a  very  gr.idual  transition  between  the  second  and 
W;  4li  the  stages,  in  fact,  being  hut  periods  in  the  same  progressive 
"  lv*'c  process. 

The  narcotic  stage  may  be  said  to  exist  when  the  symp- 
w  of  lessened  psychic  activity  assume  prominence. 
^fnsatiott  and  motion  become  lessene<l.  Speech  is  thick 
''  fntiltcringf,  the  gait  uncertain,  the  special  senses  are 
wntefl.  There  is  tendency  to  sleep. 
C^sdousncss  and  sensation  are  gradually  completely 
■^'isherl.  and  this  constitutes  the  third  or  anesthetic  stage. 
In  the  paralytic  stage  proper,  the  symptoms  are  those  of 
^^"twmjf  medullary  paralysis:  The  respiration  is  slow 
•stertorous,  the  pulse  scarcely  dtscernible.  Skin  cold 
^^  cyanotic.  Pupils  generally  dilated.  ReHcxes  a!>o1- 
If  ver>'  lar^e  doses  have  been  taken  on  an  empty 
:K  these  paralytic  symptoms  come  on  at  once.  Fatal 
from  acute  poisoning  are  very  rare:  in  these  the  coma 
>ns  deeper  and  death  finally  restilts.  usually  from  edema 
the  Iimpe  or  stoppage  of  respiration.     In  subacute  cases 
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it  may  occur  suddenly  during  convalescence  as  a  result  of 
the  gastric  irritation,  or  from  the  debilitation.  The  fatal 
dose  is  stated  as  60  to  180  Gm. 

Ordinarily,  however,  the  course  is  very  slow,  and  almr>st 
always  ends  in  recovery.  The  coma  —  if  the  intoxication 
has  progressed  si»  far  —  passes  into  natural  sleep,  and  tm 
awakening  there  follows  a  series  of  symptoms  pointing 
mainly  to  acute  gastric  catarrh,  and  perhaps  to  neuritis; 
and  grouped  by  tlie  Germans  under  the  name  of  **  Katzen- 
jammer  " :  headache,  coated  tongue,  loss  of  appetite,  irrit- 
able stomach,  muscular  pains,  etc.  These  show  curiou'; 
peculiarities  for  the  various  alcoholic  liquids.  The  reasons 
for  these  differences  are  not  known. 

Directing  more  particular  attention  to  the  effect*  upon 
the  medullary  centen,  a  primary  direct  paralysis  may  be 
made  out.  although,  as  has  been  said  this  may  be  preceded 
by  reflex  stimulation. 

The  respiration  is  generally  quickened  through  exdtc- 
ment :  but  if  this  is  exclude<l.  it  is  usually  diminished  (Fi?- 
82  i?,  p.  43a). 

The  effects  of  alcohol  on  the  circulation  (  Fig.  82  A)  arer 
still  ver>'  obscure,  notwithstanding  numerous  researches  - 
they  appear  to  vary  with  conditions. 

In  the  excised  tiMmmalian  heart,  vtrry  low  concentrations  of  ilc^'^ 
hoi  (0.13  to  0.3%)  arc  somewhat  stimulant;  depre<ision  appears  f«Bl^^ 
when  the  concentration  exceeds  i%.  Diastole  is  not  increased  "H*^ 
heart  recovers  rapidiv,  even  from  very  severe  deprcsston»  when  ih^ 
alcohol  is  removed   (6.  Locb,  1905).  _  .     ^ 

Kochmann   (1904)    finds  no  indication  of  stimulation   in  the  exctff^^ 
mammalian  heart,  by  any  concentration.    Tlie  muscle  is  damaged  fluj 
when  2%  is  reached;  4  to  5%  arrest  in  diastole.     In  intact  mamlBi' 
he  finds  some  stimulation,  the  heart  being  better  nourished  on  acooi 
of  the  vascular  changes  (1905). 

The  blood-prCBiure  is  scarcely  altered  by  moderate  doses  of  al' 
hoi.   in   normal    animals   or   in   those   suffering   from    infectious  fcttr 
There   may   be   an    insignificant    rise     This   negative   behavior  of  | 
blood-pressure  must  not  be  interpreted  as  proof  that  there  is  no  »fti 
on    the  circulation.     On   the   contrary.   Wood   and    Hoyt    (t- 
shown  by  the  strohmuhr  that  the  rate  of  flow  is  considerably  ' 
there  is  also  a  considerable  rise  of  pressure  if  the  alcohol  1 
tercd  after  division  of  the  spinal   cord.     These  facts  demon- 
alcohol  produces   hi'o   important   effects:    an   increased   ouSp^M.   • 
heart,  and  a  vasodilation  by  depression  of  the  vasomotor  center 
two  actions  largely  counteract  each  other  as   regards   bTi>'<Tnrr 
but  they  support  each  other  in  causing  an  increased  bto' 
organs.    The  cardiac  stimulation  tends  to  be  further  ii: 
quickened  rate,  due  to  the  excitement. 

The  vasodilation  is  not   equally  strong  in   different   areas.    Tb*  »* 
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taneous  vessels  arc  affected  most  conspicuously,  so  that  the  plethysmo- 
graph  shows  a  marked  increase  in  the  volume  of  the  human  arm.  The 
gastric  vessels  are  also  dilated  through  the  local  irritation.  The  cere- 
hrat  vessels  show  at  first  a  marked  constriction,  followed  by  dilation 
througli  diminished  tonus   (Aliprandi  and   Fornaroli,   igos). 

The  vasodilator  action  uf  alcohol  is  doubtless  central;  its  peripheral 
action  on  the  vessels  tends  to  constriction   i;  Phmiicr.  1905). 

Large  doses  of  alcohol  deprei^s  both  the  heart  and  the  vasomotor 
center,  so  that  the  fall  of  blood-pressure  is  very  conspicuous. 

The  skiH,  after  severe  alcoholic  poisoning,  may  show  effects  resem- 
bling those  of  contusions  or  bums  :  edema,  blisters,  extravasation  of 
blood,  and  gangrene.  Bedsores  are  especially  common.  These  effects 
may  perhaps  be  due  to  injury  to  the  capillaries,  or  neuritcs. 

These  remarks  upon  the  action  of  alcohol  on  the  circula- 
tion apply  only  to  the  normal  individual.  With  debilitated 
indii^ditals  it  may  markedly  raise  the  rate  and  efificiency 
of  the  heart,  and  consequently  the  blood  pressure,  probably 
mainly  by  acting  as  a  food. 

As  a  consequence  of  tlie  cutaneous  vasodilatation,  there 
is  a  fall  in  the  temperature  of  the  body.  es]>ecia!ly  when  the 
external  temperature  is  low.  At  the  same  time  there  is  a 
sensation  of  warmth,  and  an  acttial  rise  of  the  tem[)erature 
of  the  skin,  through  this  increased  cutaneous  circulation. 


III.  EFFECTS    OF    ADMIXTfRE    OF    OTHER    SUBSTANCES 
lETHERS»  ETC.). 

Before  leaving  the  actions  of  alcohol  on  the  central  nervous  system, 
some  peculiarity  of  action  possessed  hy  the  different  forms  of  spirits 
may  be  discussed.  These  divergences  from  the  typical  effects  are 
due  mainly  to  substances  other  than  alcohol,  but  for  the  rpost  pari  not 
known. 

It  may  also  be  remarked  that  the  action  of  a  given  amount  of  alco- 
hol varies  with  the  concentration.  The  greater  the  alcoholic  concen- 
tration of  the  liquid,  the  greater  will  be  its  local  and  systemic  effect 
(the  latter  on  account  of  tne  quicker  absorption). 

Beer  owes  its  marked  hypnotic  qualities  to  the  bipulin  of  the  hops 
as  well  as  to  the  alcohol.  Some  wines  arc  also  hypnotrc,  whilst  others 
—  the  majority  —  arc  exalting. 

The  diuretic  oetion  of  gin  is  largely  due  to  the  essential  oils  con- 
tained in  it-  Partially  fermented  wines  produce  particularly  often  a 
disturbance  of  the  equilibrium,  sometimes  seen  with  other  forms  of 
spirit  —  the  individual  becomes  "knee  drtink."  1.  r..  incapable  of  main- 
taining the  upright  position,  before  the  paralysis  of  the  mental  func- 
tions has  progressed  to  a  great  extent.  Absinthe  produces  hallucina- 
tions and  finally  epilepsy. 

The  stronger  spirit!  coniain.  besides  alcohol,  substances  which  may 
pharmacologically  I>e  divided  into  two  groups:  those  that  give  the 
bouquet  (flavor)  and  have  no  other  marked  action;  and  those  that 
have  a  deleterious  effect  The  latter  —  which  are  commonly  called 
impurities  —  are  largely  destroyed  hy  age.  The  mos^t  common  is  amyl 
alcohol    (fusel   oil). 

The  action  of  these,  as  far  as  studied,  is,  upon  the  whole,  similar  to 
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that  of  alcohol   itself,  but   more  toxic.    The  higher  ethers  arc  said  ic^ 
be  more  stimulant  (o  respiration.     The  aldchyds  have  a  strongly  irri  — 
lant    action    on    mncons    membrane  —  as    shown    by    formaldchyd    o^r* 
acrolein     (allyl-aldchyil  —  the    vapors    of    overheated    fatty    oil).     Th^SE 
relative  toxicity   of  ihc  higher  alcohols  has  already  been  given.     Th^     ' 
most  important  is  amyl  alcohol,  the  so-called  fusel  oil.     It  has  a  mor^asr 
violent  acute  action   and  more   pronounced  after-effect  than   the   eth>^     T 
alcohol.     But   its  admixture   up  to    i%   produces  very  little  difference's 
in  acute  ititoxicalion.     Furfurol,  which  was  formerly  believed  to  modif; 
the  nature  of  the  intoxication,  does  not  appear  to  do  so.     But  it  mus 
be  said  that  this  whole  subject  is  much  in  need  of  thorough  invcstiga 
tion. 

The  deleterious  effects  of  higher  alcohols  have  been  studied  expen  — 
mentally  only  in  acute  poisonmg.  It  is  quite  conceivable  that  thci^^ 
late  actions  ma^  differ  more  markedly  from  those  of  ethyl  alcohol  . 
as  they  do,  /.  i.,  in  the  case  of  methyl  alcohol.  Indeed,  it  must  b^ 
confessed  that  we  know  very  little  about  the  action  of  impure  spirit 
and  wines,  or  about  the  substances  which  are  responsible  for  th 
deleterious  effects. 


Artificial  liquors  are  made  by  the  admixture  of  ethers 
and  essential  oils  to  alcohol.  Tlieir  action  is  not  uniform, 
but  it  is  generally  more  irritating  locally,  and  more  injuri- 
ous to  the  brain. 


AVood  AlcohoL — The  extensive  use  of  this  substance  (methyl  aUfi- 
hoi)  in  the  arls,  and  its  occasional  fraudulent  presence  in  alcoholic 
liquors,  give  it  some  toxicologic  importance.  The  crude  wood  alcohol 
has  a  very  repelhnit  odor,  but  this  is  practically  ab-^ent  in  the.  refined 
brands  (Columbian  Spirits  K  The  acute  toxicity  of  wood  alcohol  is 
less  than  that  of  ethyl  alcohol,  its  action  being  weaker  and  the  stages 
slower.  In  subacute  pois^tning,  on  the  contrary,  it  is  nK»rc  toxic 
than  grain  alcohol,  and  produces  degenerative  changes  in  the  retina 
leading  to  blindness :  effects  which  are  entirely  absent  in  grain  alcohol. 
It  has  been  shown  that  these  differences  are  due  to  the  decomposition 
products  which  are  formed  in  the  I>ody.  The  methyl  alcohol  is  not 
completely  oxidized,  but  is  retained  for  a  long  time,  being  slowly  ex- 
creted, in  large  part  as  formic  acid.  It  is  to  this,  and  to  the  fortnal- 
dehyd  which  probably  occurs  as  an  intermediate  product,  that  the 
special  toxicity  is  due.  The  effects  of  ordinary  wood  alcohol  arc  ex- 
aggerated by  the  impurities  (acetone,  etc.)  which  it  contains,  but  its 
toxicity  is  undoubtedly  due  in  the  main  to  its  methyl-alcohol.  It  » 
stated  that  its  consumption  ma^  also  lead  to  a  comatose  condition, 
extending  over  several  days.  The  use  of  methyl  alcohol,  except  for 
burning,  etc.,  in  the  arts,  should  be  absolutely  prohibited  (R.  Hunt, 
1902). 

IV.   ACTION   OF  ALCOHOL  ON  DIGESTION. 

Alcohol  could  he  conceived  as  influencin)?  the  process  of 
digestion  by  acting-  on  the  ferments,  on  secretion,  on  the 
movements  of  the  alimentary  canal,  or  on  absorption.  And. 
in  fact,  it  acts  in  all  rtf  these  ways.  (All  the  different  alco- 
hols agree  qLialitativelv  in  their  action  on  these  functions.) 
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(a)  Action  on  Ferments. —  Since  alcohol  is  very  readily  absorbed, 
and  no  great  amount  of  it  reaches  the  intestine,  it  can  only  influence 
the  ferments  of  the  stomach,  and  its  action  on  pepsin  is  alone  of  prac- 
tical interest.  It  is  found  that  in  vitro  —  and  there  is  no  reason  to 
suppose  that  it  acts  any  differently  intra  vit(hn—  1%  to  2%  of  alcohol 
(ticre-ases  the  rapidity  of  peptic  digestion.  Up  to  15%,  it  causes  no 
perceptible  retardation.  15%  to  lK%;  the  digestion  is  reduced  by  one- 
fourth  !u  onc-lhird.  20%;  the  digestion  is  strongly  inhibited  (Chit- 
tenden. Mendel,  and  Jackson.  1808). 

IJ<trs  and  wines  have  a  slii^htly  more  unfavorable  effect  on  account 
of  the  extractive  matter  contained  in  them. 

(b)  Effect  upon  Secretion  of  Digestive  Juices. —  Here  also  saliva 
and  K^stric  juice  need  alone  concern  us. 

Seuiz'C  The  presence  of  alcohol,  strong  or  dilute,  in  the  mouth  m- 
crcAses  the  amount  and  the  solids  of  iJie  saliva,  just  as  do  many  other 
substances  (acetic  acid,  ether,  etc.).  This  increased  secretion  does 
not  take  place  if  the  alcohol  is  introduced  directly  into  the  stomach 
lhfx>ugh  a  6slula. 

Gastric  Jutcc  The  amount,  the  acidity,  and  the  solids  are  very 
markedly  increased,  even   when  the  alcohol  does  not  come  into  direct 

K'niJct   witli   ihc  gastric  mucous  membrane,  but  is   introduced  directly 
bo   the   iniefline.    This  juice  is  strongly  projeolytic. 
Cc>   Movements  off  Alimentary  Canal. —  These  show  a  quickening. 
(d)  Effect  upon  Absorption. —  The  alcohol  itself  is  very  rapidly  ab- 
fcfivd  •    50  c.  c.  of  a  20%   alcohol   disappear   from   the   stomach   of  a 

dog  in  less  than  half  an  huur;  and  with  the  duodenum  ligatcd,  200  c.  c. 
oi  a  S7^  alcohol  are  completely  absorbed  fron\  the  stomach  in  three 
to  three  and  a  half  hours.  The  absorption  of  other  substances  is  also 
favored  by  it   (Strychnin,  Riemschncider,  1900I. 

.\k:oho]  intended  as  antidote  may  therefore  even  increase 
f/j<!  toxicity  of  poisons,  if  both  are  taken  by  the  stomach, 
arad  this  is  not  evacuated. 

The  effects  upon  the  digestive  organs  are  all  merely  ex- 
cisions of  its  local  irritant  action:  This  produces,  in  mild 
L  ges,  increased  vascularity;  and,  partly  as  a  result  (tf  this, 
B"lly  through  a  direct  action  upon  the  cells,  an  increase  of 
r  rction,  of  movement,  and  of  absorption. 
"^0  sum  up,  then,  the  experimental  data  bearing  upon 
-  effects  of  moderate  doses : 
"The  action  of  alcohol  on  digestion  is  a  purely  lr>cal  one. 

1y  gastric  digestion  need  be  considered,  since  the  alcohol 

s  not  reach  the  intestine. 

odtmtf   amounts  tend  tr>   favor  thtr  process  of  digestion    throuRh 

dncrffwrd  secretion    of   protcotytic   juice,   through    increased   gastric 

'emmt   and    increased   absorption.     With    a    percentage    of   alcohol 

■'f  M.  thesr  arf  counteracted  hy  the  lessened  ferment  action  and  by 

rfut  gradt  of  irritation. 

ic  actual  result  will  depend  upon  which  of  these  two  — 
^^t  lienriirini  irritant  or  the  deleterious  anti-ferment  action 
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—  predominates.     Actual  experiments  on  intra  vitam  diges- 
tion are  nut  yet  sufficiently  numerous.     But  as  tar  as  they 
go.  they  show  that  in  the  dog  the  time  recjuired   for  ih^ 
digestion  of  meat  is  about  the  same  with  and  without  alcc»  — 
hoi ;  and  metabolism  experiments  in  man  also  prove  that  i.  '^ 
does  not  diminish  the  utilization  of  food. 

Small  amounts  of  weak  alcohol  taken  at  meals  cannol 
therefore,  have  a  bad  effect  upfjn  digestion,  and  may 
act  favorably.     The  alcohol  should  not  be  taken  in  strcngtlr-» 
greater  than  perhaps  209^  :  even  this  would  be  too  stron^^ 
did  it  remain  for  any  length  of  time;  but  it  is  absorbed  sci^ 
rapidly  that  this  strength  would  very  soon  reach  the  favora.— ^_ 
ble  limit.  ^M 

Large   quantities  of  alcohol,    however, —  and   especially*  ^^ 
when  in  concentrated   form. —  produce  an  irritation  which 
surpasses  the  physiologic  limit  and  interferes  with  the  func- 
tions; and  this  is  seen  most  markedly  in  chronic  cases. 

V-  THE  FATE  OF  ALCOHOL  IN  THE  BODY. 

Alcohol  is  absorbed  very  readily.  Only  a  very  small 
proportion  is  excreted,  mainly  by  the  urine  and  lungs. 
The  balance,  over  98%.  undergoes  complete  combustion 
to  CO2  and  H^O.  By  the  chemical  energy  thus  liberated 
alcohol  can  i)erfect]y  replace  carbohydrates  and  fats  in  the 
diet,  and  is  a  typical  non-nitrogenous  food.  It  is  eveti 
superior  to  other  foods  in  one  particular,  viz.,  in  that  it  docs 
not  require  digestion.  By  its  poisonous  side-actions,  how- 
ever, it  may  at  first  cause  an  increased  nitrogen  excretion 
in  individuals  not  accustomei!  to  its  use;  but  this  action 
disappears  in  a  few  days,  and  it  then  saves  nitrogen  like  any 
other  food. 


Th«  proportion  of  alcohol  which  is  excreted  unchanged  depends 
somewhat  on  the  dose,  but  it  prohahly  never  exceeds  10%,  and  is  gen- 
erally less  than  2%.  The  excretion  takes  place  mainly  by  the  kidneys 
and  lunRS.  With  largo  doses,  a  small  amount  may  be  found  in  lh< 
milk ;  but  not  with  ordinary  doses.  None  is  excreted  by  the  sweat  or 
feces.  The  excretions  do  not  contain  an  appreciable  amount  of  inter- 
mediate decomposition   product.s. 

That  alcohol  behoves  in  essential  respects  like  other  foods,  as  far  as 
nutrition  is  concerned,  is  shown  by  the  following  facts: 
■  When  added  to  an  ordinary  diet,  the  CO:  excretion  and  the  output 
of  heat  is  not  materially  changed.  The  alcohol  therefnr  ^kve»  the 
other  constituents  of  the  diet  from  dccomposilion,  and  the  l>ody  show* 
a  corresponding  gain  in  weight  If  it  is  added  to  a  diet  deficient  in 
carbohydrates  or  fats,  the  metahnlitm  is  the  same  as  if  an  isodyiiainic 
quantity  of  these  foods  were  added. 
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t'hilst  there  can  be  no  dmibt  that  alcohol  ts  an  excellent 
food,  in  the  sense  of  being  a  smirce  of  energy,  other  factors 
must  be  taken  into  consideration.  The  increased  nutrition 
may  itself  be  detrimental  to  the  bo<ly,  cither  Uy  i)reventing 
the  complete  combustion  of  metabolites  (which  may  possi- 
bly be  Connected  with  the  origin  of  gout),  or  by  leading 
to  an  abnormal  deposition  of  fat.  A  still  more  potent  ob- 
jection to  considering  alcoliol  as  a  generally  useful  food 
lies  in  its  toxic  action,  especially  its  psychical  effects.  Alco- 
hol can  therefore  be  employed  as  a  food  only  when  a  suffi- 
cient supply  of  energy  cannrtt  be  obtained  fmm  an  ordinary 
diet ;  as.  for  instance,  in  tiigcstk*c  disturhanccs,  or  when 
the  demands  on  the  organism  are  unusually  large,  as  in 
fever. 

The  proverbial  obc5ity  of  person?;  adiiicted  ro  ihc  over-use  of  weak 
alcoholic  liquids  (in  which  the  nutrient  effect  h  less  obscured  by  the 
toxic  actions),  is  a  striking  illustration  that  too  good  a  nutrition  is 
not  necessarily  beneficial.  That  alcohol  lessens  the  oxidation  of  metab- 
olites is  shown  by  an  increased  ex'crctwn  of  uric  acid  and  ammonia 
nitr<^en  at  the  expense  of  urea.  This  points  to  a  modification  of  the 
functions  of  the  liver   ( Pat  on  and  Eason.   1901 ). 

Exccuiir  doics  of  alcohol  arc  always  detrimental  to  nutrition, 
lessening  both  assimilation  and  disassimilation.  The  effects  resemble 
those   of   the  anesthetics. 


VI.  THERAPEUTICS  OF  ALCOHOL. 

The  most  frequent  internal  use  of  alcohol  is  that  of  a 
**  stimulant."  using  the  term  in  hs  practical  meaning.  That 
the  nature  of  this  stimulation  is  nf>t  the  same  in  all  cases  is 
sufficiently  indicated  by  the  fact  that  it  is  used  in  three  very 
diflFcrcnt  conditions:  in  shock,  in  fever,  and  in  debility. 
The  manner  in  which  the  stimulation  is  brought  about  in 
these  cases  requires  some  furtlier  elucidation  in  order  that 
the  drug  may  be  rationally  emplr»yed. 

1,  In  Shock,  especially  traumatic:  Hemorrhage;  Stidden 
Weakening  of  the  Heart;  Stiakehiie,  etc. —  The  value  of 
alcohol  in  these  conditions  can  scarcely  be  doubted.  Its 
explanation  is  quite  complex,  since  it  acts  in  a  number  of 
ways : 

(a)  By  producing  a  partial  analgesia.  Its  psychic  effect 
—  the  more  cheerful  and  courageous  condition  of  mind 
which  it  induces  —  is  also  of  value. 

(b)  By  the   depression  of  the  central   nervous  system 
ich  it  produces  in  larger  doses.     Depressed  centers  are 
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not  so  subject  to  shock,  as  is  shown  by  the  fact  that  ex- 
tensive operations  are  much  less  apt  to  produce  this  con- 
dition under  anesthesia. 

(c)  By  a  genuine  reflex  stimulation:  With  the  usual  way 
of  taking  the  spirit,  this  (occurs  from  the  mucous  membrane 
of  the  mouth  and  stomacli.  The  same  reflex  stimulation 
may  be  obtained  through  the  nose;  spirit  of  ether  is  espe- 
cially  useful  in  this  connection;  and  the  smelling-salts  also 
owe  their  action  in  part  to  alcohol.  A  more  powerful  re- 
flex stimulation  may  be  obtained  by  the  hypodermic  injec- 
tion of  alcohol  or  of  ether,  or  of  spirits  of  camphor  {one  or 
two  syringes).  This  acts  especially  on  the  respiration  (sec 
Fig.  82  B).  The  effect  on  the  blood  pressure  is  uiKertain 
(Fig.  82  A.  page  430). 

Tlie  stronger  preparations  of  alcohol  are  the  l^^t  for  this 
])urpose. 

2.  Use  in  Fever,   Chills,  Inilammatory  Conditions,  etc.-^ 
Alcohol  acts  here  in  the  following  manner: 

(a)  Through  dilatation  (jf  the  cutaneous  vessels.     Thi^* 
increases  the  loss  of  heat,  removes  blood  from  congested  ^ 
internal  organs,  and  lessens  the  resistance  to  the  work  o^9 
the  heart.     This  temporanr'  relief  of  the  heart  is  often  al  t 
that  is  refjuired  to  restore  its  powers,  and  the  pulse  wil  1 
become  more  regular  and  stronger.     The  antipyretic  actioriB 
is  not  very  lasting.  ^ 

This  action  on  the  cutaneous  vessels  is  possessed  in  slil  ^ 
greater  degree  by  Sp.  ^^ther.  Nitr..  which  in  so  far  ma 
take  the  place  of  alcohol. 

{b)  Through  its  narcotic  action,  counteracting  the  ner 
vous  phenomena  of  fever  and  inducing  quiet  and  resr 
This  in  turn  diminishes  the  demands  made  upon  the  strengtl 
of  the  patient. 

(r)  Its  action  as  a  food:  The  metabolism  in  fever  is  ver^ 
greatly  increased,  and  the  assimilative  powers  at  the  sam 
time  diminished.     Whilst  this  increased  tax  falls  ver>"  large- 
ly upon  the  nitrogenous  part  of  the  body,  the  drain  upor* 
the  carbohydrates  and  fats  is  also  very  serious.     And  ihcs^ 
last  can  be  met  very  largely  by  alcohol,  which  possesses  the 
advantage  over  ordinary-  foorls  of  very  ready  absorption. 

(d)  The  diuresis  may  be  useful  in  removing  toxins,  etc. 

The  employment  of  alcohol  in  fever  must  still  be  looked 
upon  as  largely  empirical;  for  it  is  impossible  to  tell  a  prion 
to  what  point  its  depressing  action  on  the  central  nervoiw 
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system  will  be  useful  and  where  it  will  begin  to  be  detri- 
mental. The  individual  observations  in  each  case  can  alone 
giiide  its  employment :  As  long  as  it  improves  the  promi- 
nent symptoms,  the  dose  may  l^e  increase<i.  As  soon  as  it 
ceases  to  do  so,  it  should  be  diminishe<l  or  stopped.  It  is 
frequently  astonishing  to  see  tlie  quantity  which  is  borne 
without  harm  in  fever  and  without  producing  *'  intoxica- 
tion." This  must  be  attributed  largely  to  its  more  rapid 
oxidation.  The  amount  given  must,  of  course,  also  be 
governed  by  the  previous  habits  of  the  patient. 

With  regard  to  the  use  of  alcohol  against  chills  and  ex- 
posure, it  nuist  be  reiterated  that  the  time  for  taking  it  is 
after,  not  during,  the  exposure.  If  the  latter  is  done,  the 
temporary  relief  and  feeling  of  warmth  is  obtained  at  the 
expense  of  an  increased  loss  of  heat,  and  consequently 
(liminishe<l  power  of  resistance.  But  if  taken  after  the 
exposure,  the  dilatation  of  the  cutaneous  vessels  favors  the 
absorption  of  external  heat,  and  also  prevents  the  tendency 
to  congestion  of  internal  organs. 

In  all  these  conditions  the  alcohol  is  taken  in  the  fryrn 

of  the  spirits,  diluted  with  at  least  equal  amounts  of  water. 

3.  In  Convaletcence  and  General  Debility.—  The  value  of 

alcohol  in  these  conditions  is  established  by  long  experience. 

Its  action  must  be  quite  complicated.     There  is.  in  fact,  no 

organic  lesion,  and  in  all  such  cases  a  great  deal  may  be 

^A-pected  from  improving  the  symptoms.     This,  like  nursing 

ancl   hygiene,  increases  the  comfort  and  well-being  of  the 

Patient,  and  starts  him  on  the  way  to  improvement.     AIco- 

"oj     meets  these  indications  in  an  excellent  manner:     The 

'c^ling  of  well-being  caused  by  it.  the  enjoyment  in  the  act 

P^  tasking  it,  the  rest  and  sleep  induced  by  its  narcotic  action. 

'*s       ^ood-value  and  its  beneficial  effects  upon  digestion,  all 

<^or-»^;m-  in  i^g  action.     To  this  may  l>e  added  its  slight  but 

^^^.'"tsin  effects  upon  the  vascular  system, —  the  altered  dis- 

'"**^xuion  of  blood,  the  diminished  resistance  to  the  hear^ 

~~    '^vhich  may  be  of  benefit  in  some  cases. 

2"  "r  these  purposes,  alcohol  is  usually  taken  in  the  form 
wines. 

^^  The  narcotic  and  hypnotic   effects  f)f  alcohol  are  also 

*-*li?ed.  the   former  in   melancholia,   neuralgia,   and   some 

^^■**^r  obscure    nerv'ous   diseases;    the   latter    in    insomnia. 

]^^ilst  the  effects  are  undoubtedly  beneficial,  there  exists  a 

^'^"•■y  great  danger  of  inducing  chronic  alcoholism,  especially 
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in  tlie  first  class  of  cases.  It  must  certainly  be  used  with 
very  great  caution.  The  stronger  spirits  are  best  adapted 
for  nlitaining  the  narcotic  effect;  beer,  for  the  hypnotic. 

5.  Indig^eation. —  From  what  was  said  on  i)age  413  it  will 
be  easily  unclcrst*^o(1  that  it  does  not  act  equally  well  in  all 
cases.  Whilst  the  clinical  interpretation  of  the  various 
forms  of  indigestion  is  nr)t  as  yet  so  perfect  as  to  enable  us 
to  tel!  the  pathology  of  those  cases  in  which  alcohol  is  use- 
ful or  not.  it  might  be  expected  to  be  of  l)enefit  where  there 
is  a  faulty  circulation,  whilst  it  would  be  harmful  where  the 
amount  of  ferment  secreted  is  small  and  not  capable  of  in- 
crease, as  also  in  hyperacidity.  Certain  wines  become  in- 
jurious on  account  of  their  acidity.  The  tannin,  which  is 
present  particularly  in  red  wines,  may  be  detrimental  to 
digestion,  hut  valuable  in  tliarrhea.  Brandy  is  also  used 
against  diarrhea.  This  probably  rests  upon  the  beneficial 
effects  of  an  increased  circulation- 
Champagne  is  also  used  as  an  antemetic.     Its  action  in 

this  case  ilepends  upon  the  CO^  rather  than  on  the  alcohol. 

6.  The  diuretic  action  of  alcoholic  l^everages  (beer  and  j 
gin)    is  sometimes  utili;!ed.     It  is  claimed,  however,    (A. ^| 
Raphael,   1894).  that  the  diuretic  action  nf  a  liter  of  bcer^^ 
or  wine  is  the  same  as  that  of  the  same  quantity  of  water. 
and  less  than  that  of  milk.     Larger  quantities  of  alcohol, 
however,  have  a  distinct  diuretic  effect. 

As  contraindications  to  the  internal  use  of  alcohol  may 
be  mentioned : 

The  <langer  of  furniing  a  habit- 
Gastric  irritation. 
IVethral  disease  or  nephritis. 

7.  The  local  actions  of  alcolm!  are  also  frequently  used. 
The  cooling  produced  by  its  evaporation  is  very  grateful  in 
fci*cr,  and  it  is  frequently  use<l  for  sponging  the  skin.  The 
local  use  of  alcohol  is  of  further  benefit  in  this  condition 
by  preventing  the  development  of  bedsores  through  its  mild 
irritant  action.  The  same  property  determines  its  use  on 
ulcers.  Used  in  a  more  concentrated  form  and  kept  from 
evaporating,  it  acts  as  an  excellent  rubefacient,  and.  in  the 
form  of  tinctures,  it  foniis  an  important  ingredient  of  most 
liniments. 

It  is  scarcely  necessary  to  refer  to  the  great  pharmaceutic 
importance  of  alcohol,  depenrling  upon  its  solvent  powers. 
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It  must  be  remembered  that  it  forms  an  ingredient  of  very 
many  pharmaceutic  products  —  tinctures,  fluidextracts.  and 
spirits. 

VU.  HABITUAL  USE  OF  ALCOHOL. 

It  may  be  considered  as  proved  —  some  authorities  to  the 
contrary  notnAthstanding  —  that  a  certain  amount  of  alco- 
hol (variable  in  individual  cases)  may  be  taken  daily  ivith- 
out  any  demonstrable  permanently  injurious  effect.  But  it 
stands  ef|ually  certain  tliat  it  i.s  as  dispensable  tn  tlie  or- 
ganism as  nicotin  or  caffein,  and  that  it  must  l>e  looked 
upon  purely  as  a  luxury.  Tlie  injury  drme  by  such  use  of 
alcohol  lies  alone  in  the  fact  that  it  is  so  apt  to  lead  to  the 
use  of  JmmfHlcrate  ammmts. 

With  such  excessive  use  a  train  of  phenomena  results, 
which  may  be  grouped  together  under  the  name  of  chronic 
alcoholism,  and  which  depend  in  part  upon  the  irritant 
action  of  the  alcohol,  in  pari  upon  specific  injury  to  the 
neurons. 

The  first  effects  are  local,  and  depend  largely  upon  the 
concentration  of  the  spirits.  They  consist  of  a  catarrh  of 
the  tchole  alimentary  canal,  progressing  from  the  pharynx 
downward.  They  are  characterized  by  the  tisual  symp- 
toms of  catarrhal  gastro-euteritis :  loss  of  appetite,  gastric 
distress,  irregularity  of  stools,  longing  for  spices,  etc.  The 
chronic  catarrh  leads  to  mahiutrition  and  emaciation  when 
strong  spirits  are  used.  It  also  appears  to  constitute  a  pre- 
disposing factor  to  carcinoma  of  these  organs.  In  the  case 
of  excessive  beer-drinking  the  habitual  overdistention  of  the 
stomach  leads  to  chronic  dilatation. 

Tlie  continued  presence  of  alcohol  in  the  body  sets  up  a 
scries  of  irritant  and  degenerative  phoioynena  in  various 
other  organs  with  vvliich  it  comes  in  contact.  These 
changes  consist  in  fatty  infiltrations,  cellular  degenerations, 
and  h^'pertrophy  of  connective  tissue.  The  necrotic  changes 
in  the  tissue  cells  must  be  attributed  to  the  continuctl  irrita- 
tion from  the  constant  presence  of  the  alcohol;  and  to  this 
must  be  added  the  interference  with  circulatitjii  due  to  the 
changes  which  alcohol  causes  in  the  blood-vessels.  These 
two  —  the  direct  irritant  action  of  alcolioj  on  the  cells,  and 
the  impaired  circulation  —  are  inseparably  connected  in  the 
production  f>f  the  degenerations.  Of  these,  the  fatty  arc 
the  most  common,  since  alcohol,  bv  its  combustion,  prevents 
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the  normal  consumption  of  fat.  Connective-tissue  forma- 
tion results  as  the  ordinary  consequence  of  necrosis  of  the 
parenchyma. 

These  changes  are  proportional  to  tbe  concetitration  of 
the  alcohol.  And  since  this  is  naturally  greatest  in  the 
liver,  kidneys,  and  blood-vessels,  these  organs  show  the 
action  first  and  most  prominently.  And  in  the  liver,  again, 
the  periphery  of  the  lobules  is  mainly  affected,  on  account 
of  the  anatomic  relation  to  the  purial  vein.^ 

Next  in  point  uf  time  comes  the  action  on  the  blood- 
vessels. This  is  of  especial  import,  since  it  contributes 
materially  to  the  degenerations  in  other  organs.  The  prin- 
cipal changes  are  in  the  intima:  there  are  fatty  degenera- 
tions, loss  of  elasticity,  and  atheroma.^  These  may  lead  to 
ruptures  (apoplexy,  etc.). 

The  degenerative  changes  in  the  kidneys  lead  to  nephritis, 
with  cirrhosis,  albuminuria,  diminished  secretion  of  urine, 
secondary  weakening  of  the  heart,  etc.  The  heart  itself. 
however,  in  common  with  skeletal  muscle,  shows  primary 
fatty  degeneration.  This,  together  with  the  atheroma,  etc.. 
leads  to  hypertrophy  and  dilatation  of  the  viscus.  and  later 
to  dropsies,  etc.  The  fatty  changes  in  voluntary  muscle 
lead  to  muscular  debifity.  especially  in  beer-drinkers,  in 
whom  there  is  more  material  for  fat  formation.  Gout  is  a 
common  sequence  of  moderate  alcoliolism. 

The  respiratory  organs  show  a  chninic  catarrhal  inflam- 
mation of  the  passages,  and  a  disposition  to  fatal  pneu- 
monia. Changes  in  the  skin  —  vascular  ecchymoses.  acne 
rosacea,  disposition  to  furuncles  and  carbuncles  —  may  be 
counted  amongst  the  earlier  actions. 

These  various  anatomic  lesions  of  important  organs  re- 
sult in  a  pronounced  lowering  of  the  "  powers  of  resist- 
ance," and  a  high  mortality  w'itli  infectious  diseases,  opera- 
tions, etc.  Part  of  this  may  be  due  to  a  lowered  alkalinity 
of  the  tissues  through  the  partial  oxidation  of  alcohol  into 
fatty  acids.  It  appears  also  that  the  amount  of  antitoxic 
complement  is  lessened. 

The  effects  of  chronic  alcoholism  upon  the  central  ner- 
vous system  differ  from  the  above  in  that  they  are  partly 
fimctional.    Too  great  stress  cannot  be  laid  upon  the  im- 

*  It  ii  claimed  that  the  dcjitneration  of  the  liver  can  be  avoMed  in  uiimaU 
by  tbe  administration  of  canc-sunnr. 

'As  a  result  of  aiv  extensive  study  of  autop«y  material,  Cabot  (190^)  4i»*_ 
Sffre«s  with, the  common  opinion  that  alcofaolism  is  a  cause  of  artcrio«cIeToas& 
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portance  of  habit  and  repeated  impressions  on  the  psychic 
activities.  The  constant  repetition  of  the  features  of  alco- 
holic excess  could  not  but  produce  in  this  manner  a  perma- 
nent moral  degeneration.  But  associated  with  this  func- 
tional feature  are  marked  organic  changes,  due  to  the  same 
causes  as  similar  changes  in  other  organs:  and,  lastly,  it 
must  be  remembered  that  alcohol  has  a  specific  action  on 
the  nene-cells. 

Amongst  the  organic  lesions  which  have  been  observed 
are:  Chronic  meningitis  with  thickening;  serous  effusions 
into  ventricles;  s<jftening;  tendency  to  Iiemorrhages  and 
apoplexy.  Histologically,  shrinkage  and  alterations  in  the 
staining  properties  of  the  cells  (Fig.  80)  and  changes  in 
the  dendritic  processes  have  been  averred. 

Clinically,  the  first  effects  are  shown  by  a  diminished 
activity  of  the  individual.  This  occurs  even  with  very 
moderate  doses.  Later  there  is  a  diminished  acumen  of  the 
special  senses  and  of  the  reasoning  powers.  leading,  the 
farmer  to  disturbances  of  vision,  the  latter  to  degeneracy 
and  dementia,  often  suicidal.  It  is  a  noteworthy  fact  that 
by  far  the  greater  proportion  of  inmates  of  insane  asylums 
and  prisons  were  addicted  to  the  excessive  use  of  alcohoL 
In  how  far  alcohol  is  responsible  for  the  population  of  these 
institutions  —  whether  the  abuse  of  alcohol  is  really  the 
cause  of  these  conditions  or  only  another  effect  of  the  under- 
lying disease  —  c^mnot  l)e  decided  at  present.' 

On  the  part  of  the  motor  system  there  are  tremors,  and 
later  convulsions  and  paralyses,  the  latter  partly  the  result 
nf  peripheral  ncurites. 

The  influence  of  alcoholism  in  the  parent  on  the  offspring 
IS  a  question  not  yet  definitely  answered.  It  is  certain  that 
the  nutrition  and  resisting  power  of  the  offspring  are  greatly 
impaired  by  it.  The  mortality  amongst  the  children  of 
alcoholics  is  very  high.  It  is  also  certain  that  psychic  de- 
gfeneracy  —  epilepsy,  idiocy,  prerlisposition  to  crime  and  to 
the  abuse  of  alcohol  —  are  extremely  common  in  tJiem. 
But  it  cannot  be  decided  whether  it  is  tlte  degeneration  in- 
fiuced  in  the  parent  by  alcohol,  or  the  degeneration  under- 
lying the  abuse  of  alcohol,  that  is  inherited.  The  latter  is 
the  more  likely. 


*  10  to  30%  of  tbe 


of  insanity  are  atiribuled  to  the  abuse  of  alcotwl. 
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It  is  claimH  !*y  Von  Rtinge  ( r904)  that  chronic  alcoholism  on  ihc 
part  of  the  father  renders  the  daughtor  incapable  of  efficient  lactation. 
and  thai  this  incapacity,  as  well  as  a  tendency  to  tuberculosis  and  to 
caries  of  the  leelli  is  transmilled  to  subsequent  generations.  Bnl  if 
this  danger  is  really  as  great  as  it  is  painted,  it  is  difficult  to  account 
for  the  comparative  vigor  of  populations  amongst  whom  chronic  alco- 
holism has  been  fairly  commoti   fnr  many  centuries. 

When  alcohol  is  taken  by  the  mother,  it  passes  across  the  placenta 
in  such  amount  as  to  exist  in  the  same  cott  central  ion  in  the  blood  of 
the  fetus  as  in  that  of  the  mother. 

Alcohol  is  not  the  nnly  meniher  of  the  hydrrKrarbon  scries 
which  has  been  abused  as  an  intoxicant.  Ether,  chloro- 
form, chloral,  and  even  turpentine  and  gasoline  have  their 
devotees.  Their  effects,  in  so  far  as  they  have  been  studied, 
correspond  closely  to  those  of  alcohol. 

VIII.  TREATMENT. 

The  trcaimcni  of  acute  alcoholism  consists  in  evacuation 
of  the  sloninch  and  nervnus  stimulants,  cafTein  or  strychnin. 
The  subsequent  hea<lache  and  nervousness  are  met  by  bro- 
mids.  caffein  and  acetanilid.  Sodium  bicarl>onate  lessens 
the  gastritis. 

Chronic  alcoholism  can  only  be  treated  by  withdrawal  of 
the  drug.  Medication  is  of  use  only  in  meeting  the  symp- 
toms. '  Irritants  —  especially  capsicum  —  are  useful  in  re- 
placing the  local  action  of  alcolnd ;  the  depression  should 
be  met  by  caffein.  the  insomnia  by  bromids.  Suggestion 
may  be  very  useful. 

IX.  DELIRIUM  TREMENS. 

A  peculiar  disease,  specifically  characteristic  of  chronic 
alcoholism,  remains  to  be  nientionefl.  namely  delirium  tre- 
mens.  This  occurs  in  chronic  alcoholics  whenever  their 
forces  are  unusLially  weakened  —  by  an  extraordinary  ex- 
cess or  by  the  suppression  of  their  usual  allowance  of  alco- 
hol;  by  absence  of  food;  by  exfwsure  or  overexertion: 
by  an  operalif)n.  etc.  The  symptoms  consist  in  violent 
tremor,  persistent  insomnia,  and  hallucinations  of  a  terrify- 
ing character.  It  usually  runs  its  course  in  a  few  days. 
The  main  indications  of  treatment  are  to  support  the 
strength  of  the  patient  and  to  combat  the  excitement  and 
insomnia  by  hypnotics,  as  bromitls.  chloral,  or  opitim.  It 
is  nnt  deemed  advisalile  to  withdraw  the  alcohol  entirely 
during  this  con<liti((n. 
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X.  MATERIA   MEDICA- 

Preparation  of  Alcoholic  Liquids. —  Alcohol  is  a  product  of  the 
alcoholic  or  vinous  femieiUalion  of  liquids  containing  certain  sugars 
(  especially  dextrose).  This  fermctitation  is  produced  by  the  growth  ofthe 
yeast  plant  —  Torula  ccrei'isia.  I  hcsc  sugars  exist  preformed  in  the 
juice  of  the  grape  and  in  other  fruits.  Alcoholic  beverages  arc  also 
prepared  from  starchy  grains,  etc.,  the  starch  being  first  converted  into 
sugar  by  malting,  etc.  The  process  is  described  in  text-books  of 
chemistry. 

It  was  formerly  supposed  that  the  bouquet  of  the  different  sorts  of 
wines,  etc.,  depended  upon  differences  in  the  constituents  nf  the  grape- 
juice:  hut  it  is  now  known  thai  they  are  caused  rather  by  differences 
in  tlie  yeasts  infesting  these  grapes.  The  inomlation  of  a  barley  infu- 
sion with  a  wine  yeast  gives  to  the  fermcnterl  liquid  the  peculiar  flavor 
of  that  particular  wine  (the  so-called  "  Ma  I  ton  Wines"). 

As  ordinarily  prepared,  however,  the  character  of  the  fermented 
liquids  depends  upon  their  origin.  When  made  from  barley,  they  are 
beer,  etc.;  from  apples,  cider;  from  grapes,  wine;  from  milk,  kumiss, 
etc. 

Most  of  these,  as  well  as  the  distilled  spirits,  imdcrgo  further  chemic 
changes  on  keeping,  resulting  in  the  destruction  of  undesirable  con- 
stituents ("  impurities " —  fusel  oil,  etc.)  and  in  the  development  of 
ethers,  etc.,  imparting  a  finer  flavor  to  the  liquid. 

The  alcoholic  fermentation  only  progresses  to  a  certain  point: 
beyond  this,  it  is  either  arrested  entirely,  as  soon  as  the  proportion  of 
alcohol  exceeds  a  certain  amount;  or  it  passes  into  acetic  fermenta- 
tion, with  the  conversion  of  the  alcohol  into  acetic  acid 

W'hen  these  weak  liquids  are  subjected  lo  distillation  ('*  rectifica- 
tion"), the  stronger  "alcoholic  liquors"  result.  These  receive  differ- 
ent names  according  to  their  origin: 

Ifhisky.  when  distilled  from  fermented  grain  ('this  rectified  over 
jtmiper  berries  is  HnUand  Gin:  over  turpentine.  Cotnmon  Gin);  from 
wine.  Brandy  (Cognac):  from  molasses.  Rum:  from  ncc,  Arrack. 
etc. 

Further  redistillations  result  in  the  nfllicial  alcohol;  and  by  redis- 
tilling from  some  hygroscopic  substance,  usually  quick-lime,  the  so- 
called   "  Absolute   Alcnhnl  "  is  obtained 

The  strength  of  alcoholic  liquids  is  deduced  from  the  specific  gravity 
after  distillation. 

/A  ^  p..»  At^^h^i..  Specific  Gravit\'.      Pek  Ct.        Per  Ct. 

(A)  Pure  Alcohols:  05.60' C)  (60**  R)  Weight.      Volume. 

Alcohol  a'.S.P.)  fSpiritus  Rec- 

tificatus,    B.P] 0.816  CUS. P.)        g2.3  949 

0.834  (B.P.)  91.0  94-0 

Alcohol      Absolutum      (U.S.P., 

B.Pj.      Not  more  than   1%  by 

weight  of  water.  Boiling-point. 

7^4    0.797  99.0+ 

Alcohol      Dilutum      {V.  S  P.). 

Made   by   mi.xing  equal    meas- 
ures of  alcohol  and  water 0.936  41.5  48.Q 

Akoho!    (>o%)    (B.  P).     Made 

by  mixing   100  vol.   of  alcohol 

(90%)  with  ji  vol.  of  water. .         0.8900  70.0 

Study  lAateria  Medlca  Lesson  31. 
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(A)  Pure   Alcohols: 

Alcohol  (6o7o)  (B.  P.).  Made 
by  mixing  lOO  vol.  of  alcohol 
(90%)  with  53.65  vol.  of  water 

Alcohol  (45%)  (B.  P.).  Made 
by  mixiiiK  loo  vol.  of  alcohol 
(90%)  wiih  105.34  vol.  of 
waier    

Alcohol  (20%)  (B.  P.).  Made 
by  mixing  100  vol.  of  alcohol 
t9o%)  with  355.8  vol.  of  water 


Specific  Gravttv. 
(15.60"  C)  (60*  R) 


0.9135 


VOLVKX. 

PnCt 


6ao 


0.9436 


0.9760 


450 


30.0 


Since  a  condensation  occurs  on  mixing  alcohol  and  water,  the  per- 
centage of  the  resulting  produce  cannot  be  deduced  by  the  formuU 
%_^(V  +  V). 

The  quantities  needed  to  make  the  most  common  dilutions  arc  th« 
following : 

UsEOffino;(U.S.  P.) 
To  Make  iooc.cof;    Alcohol: 


80%  (volume) 

70%  

60%  

50%  , 

40%  

20%  


85.5  cc 

73-5  c.c. 

63.S  ^•*^- 

53-5  c.c. 
430  c.c 
ii.3  cc. 


Water: 
16.0  c.c. 
2g.o  cc 
39  o  c.c. 
4P  5  c-c. 

60.0  c.c 

80.1  cc 


Spectfic  GB.\vm*, 
(15VC.)  (00' F.) 

a8£43 

0-8903 

0.9I.1S 

09344 

a95» 

0.9759 


(B)  Stronger  Spirits: 

St>iritus  FruttU'Hti  (U.  S.  P.).— WAwfej.— By  dtstillatiofi  of  the  mi^ 
of  any  fermented  grain  (should  be  at  least  two  years  old).  Sp-  ** 
0.904  to  0.94^.  .Alcoholic  strength.  37  to  47.5%  weight,  44  to  ^;%  toI. 

Spirilus  I'ini  Callici  (U.  S.  P.,  B.  "P.).— Brandy  (CogmacY^By  <UV 
tillation  of  fermented  ^rape-juice.  Sp.  G.  =  0.9^5  10  0.941%:  alcoho** 
strength,  39  to  47%  weight.  46  to  .S5%  vol. 

Mistura  Spiritus  Vini  Gallici  {B.  P.). —  Four  ounces  each  of  br»** 
and  cinnamon  water,  two  yolks  of  cg^s,  and  Vi  ounce  of  sugar. 

The  percentage  of  other  stronger  hquors  are: 

Volume.  Wdcht. 

Rum   50  4i 

Gin    48  40 

German  "Schnapps"   45  38 

Russian  "  Dobry  Wutky" 63  54 

(C)  Weaker  Alcoholic  Liquids: 

The  only  ones  official  are: 

I'mum  Album  (U.  S  P.). —  White  iVine. —  A  dry  white  wine,  ^" 
as  Catawba.    8.5  to  Tf,%  hy  volume. 

firtum  Rubrum  (IJ.  S  V.).—  Red  ir»W.— Dry  red  wine  snch  as 
tive  Claret  or  Burgundy.    8.5  to  15%  by  volume. 

I'tHum  Xcricum  (B.  P). —  Sherry. —  A  pale  wine  containing  ^ 
less  than  t6%  hy  volume  of  alcohol. 

Wincp   are  made  hy   fermenting   the  expressed   juice   (mnstl   of 
grape.     If  this  contains  the  skin«  of  dark  grapes,  the  wine  will  be 
if  made  from  light  grapes,  or  from  the  juice  of  dark  grapes  with*:'* 
skins,  it  is  "white";  i,  e..  an  amber  color.  ^ 

A  wine  which  contains  much  alcohol  ('^<,%  to  20%)  in  "  generoo*  ' 
one  poor  in  alcohol,  "light";  one  containing  much  sugar,  "sweet 
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poor  in  su^r.  "dry."  If  it  contain?  COs,  it  is  "sparkling";  if 
tannin,  "rough"  or  "astringent";  if  acid  tartrates,  "acidulous."  The 
last  Vwo  ingredients  will  interfere  with  digestion  if  the  wine  is 
habitually  used. 

Alcohol. 
Per  Cent      Per  Cent 
Tlie  most  important  wines  are:  Weight,       Volume. 

Sherry  (Vinum  Xericum)  ;  Dark  amber, 
dry,  little  acidity  (Madeira,  Marsala, 
Tokay,    Malaga,    arc    similar,    but    more 

sweet)    

Port     (Vinum      Portensc)  :     Deep     purple, 

rather  sweet  and  rough 

Ciaret    (Bordeaux):     Red,    dry.    with   some 

degree  of  acidity  and  astringcncy 

Champagne:     Pale  amber,  sweet,  sparkling. 
Ih^ck     and     Moselle:      Pale     amber,     dry, 

slightly  acid   

Catai^'ba:     Amber,    dry,    rather    acid    (or 

sweet )    

Vnfermcntcd  Grape  Juice  (»'.  r.,  must,  preserved  hy  heating  or  an 
antiseptic)  can  scarcely  be  considered  a  medicinal  agent. 

Other  rermented  Liquors: 

From  Apple:     Cider,  ~\ 

From   Pear:     Perry,     >-S  to  10%    (by  weight). 
From   other   fruits,       J 

Malt  Liquors. —  These  contain  alcohol^  CO?,  sugar,  and  usually  hops. 
The  color  varies  from  pale  anilwr  10  dark  brown,  the  diflTerence  being 
due  mainly  to  charring  of  the  malt.  Lager  beer  is  made  by  slow 
fermentati<'»n  at  a  Inw  temperature ;  porter,  ale,  and  stout  by  rapid 
fermentation  at  a  higher  heat. 

Their  alcoholic  strength  is  as  follows: 

.■lie.  Porter.  Stout,  and  Export  Beer 3  to  6%  \.      weight 

Lager  Beer i  to  3%  J    ^ 

ly  fermenting  milk,  a  pleasant  alcnliolic  liquid,  "Kumiss,"  can  be 
lined,  which  contains  to  3%  of  alcohol. 


8  to  14 
8  to  10 

10  to  17 
10  to  13 

12 

15 

OtO  12 

13  to  15 

Mixed  Spirits. 

It  must  be  remembered  that  all  tlie  alcoholic  preparations  —  Fluid- 
extracts,  Tinctures,  Spirits,  and  Klixirs  —  whose  dose  contains  more 
than  alKtnt  5  c.  c.  of  absolute  alcohol  show  the  action  of  the  latter. 

Some  of  the  pharmaceutic  preparations  whicli  arc  employed  largely 
on  account  of  their  content  of  alcohol  are  the  following: 

Approximate 
Alcohol  Content. 

Elixir  Aromatieum  25% 

Spiritus  Juniperi  Compositus  (a  substitute  for  Hol- 
land Gin )    6s% 

Vinum   Ferrt   Amarum 15% 

•Cordiale  Rubi  Fruelus  {Blackberry  Cordial),  N.  P..   33% 
*Elixir  Adj\rvans,  *Elixir  Anisi,  and   other  Elixirs, 

N.F 25% 

♦r-'imiifi  Auraniii;  V.  Caruis;  V.  Coca,  etc 16% 

•  Noi  official, 
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(C)   THE  CHLOROFORM  AND  ETHER  GROUP. 

L  HISTORY.  ^ 

Attempts  to  induce  ancsihcsia  during  operations  date  back  lo  very 
ancient  times.  The  Rgyptians  gave  narcotic  potions  for  the  purpose 
The  Assyrians  are  said  to  have  half  strangled  the  children  l)etorc  cir- 
cumcision, producing  anesthesia  hy  the  aid  of  the  CO3.  The  Onnese 
used  hashish.  All  kinds  of  narcotics  were  given  during  the  middle 
ages.*  But  modern  anesthesia  dates  from  the  middle  of  the  nineteenth 
century.  Its  discovery  is  claimed  by  quite  a  number,  but  the  real 
credit  of  introducing  anesthetics  into  practice  belongs,  for  ether,  10 
Jackson  (1841)  and  Morton  (1846);  and  for  chloroform,  to  Simpson, 
in  1B47.  Soon  afterward  lan)^hing  gas  was  introduced,  although  this 
had  been  suggested  by  Da^y  fifty  years  before. 

n.  DETAILS  OF  ACTION. 

The  action  of  this  subgroup  corresponds  very  closely  to 
the  general  action  which  has  been  discussed  on  pages 
40 1  to  406. 

The  difference  from  alcohol  consists  in  the  greater  rapidity  with  which 
th*  successive  stages  may  be  induced.  Of  the  different  memlwrs  of  the 
series  which  might  be  used  for  the  production  of  anesthesia,  chloro- 
form and  other  are  the  most  imporiani,  and  the  following  description 
applies  particularly  to  them. 

The  action  of  the  anestlietics  has  l>een  divided  into  differ- 
ent stages.  Since  these  are  Init  degrees  of  the  same  action, 
it  is  quite  optional  where  the  line  is  drawn,  and  the  same 
stages  will  be  retained  here  that  were  given  in  the  discus- 
sion of  tlie  general  actioit :  viz..  Stimulant,  Narcotic.  Anes- 
thetic, and  ]*aralytic. 

1.  Stimulant  Stage— This  sets  in  with  a  comfortable 
feeling  of  warmth,  spreading  over  the  whole  body,  s<x>n 
associated,  however,  with  a  sensation  of  asphyxia.  The 
local  effects  make  themselves  felt  bv  pricking  and  smarting 
of  nose,  throat,  and  conjunctiva.  Consequently  there  is  a 
hypersecretion  of  tnucns.  fears,  and  saliva,  and  possibly 
vomiting;  but  the  latter  does  not  usually  occur  until  much 
later,  when  the  patient  has  been  some  time  under  deep 
anesthesia  and  this  is  passing  off.  The  face  at  this  stage  is 
flushed,  the  pupils  some^i'haf  enlarged,  the  pulse  accelerated, 
the  respiration  sonie7i*hat  quickened  and  irregular  —  all 
effects  of  the  excitement. 

'  Eftpecially  it|)iimi  and  dru^  containing  hvowrin  («uch  fts  Mandraicora  offi- 
cinalis).    This   has  hccn  rfcently  revived   in  the  Schnctderlin   method   (ic«  Iml»). 


I 
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2.  The  second  or  narcotic  stagpe  is  ushered  in  by  formi- 
_     ion.     The  sptxial  senses  are  disturbed;  tliere  arc  halluci- 
nations  (noises,  etc.).     Sensation  of  stiffness  and  want  of 
control  in  the  muscles.     The  patient  loses  his  self-control, 
and  gives  way  to  manifestations  which  vary  with  his  char- 
^Xtr  —  loud    talking,    laughing,    singing,    swearing,    etc. 
Then  there  is  struggling,  and  sometimes,  es])ecially  in  hys- 
teric patients,   convulsions.     These  motor  plienomena  are 
tnuch  more  violent  than  in  the  case  of  alcohol,  probably  on 
account  of  the  greater  local  irritation  and  also  because  of 
a  certain  amount  of  asphyxia.     They  differ  greatly  in  vio- 
lence in  different  individuals.     The  skin  is  moist  and  warm, 
the  face  reddened,  the  pupils  contracted,  the  apcx-bcat  more 
prt^txounccd.     The  sensibility  to   pain   is  blunted,   but   not 
obr?/ished. 

3.  The  third  or  anesthetic  stage  —  the  stage  which  it  is 
airn^i  10  pro<luce  and  maintain  —  is  characterized  by  com- 
plete paralysis  of  the  brain  and  of  the  motor  rertex  centers 
of  I  lie  cord,  and  lowering  of  the  medullary  centers.     Con- 
^io  us7tess,  sensation,  and  most  rcHexcs  arc  lost  —  the  cor- 
"«»/  reflex  being  among  the  last.     Consecpiently  the  muscles 
^^   lax.     The  smooth  muscles  are  not  usually  affecte<l.  but 
mere  is   sometimes  a   relaxation   of  the  sphincters.     The 
^*^^£'  is  sloic,  full,  and  soft,  chie  to  lozvercd  blnod  pressure. 
*he  respiration  is sUkc  and  shallou*,  but  regular.     The  tern-- 
Pf^ature  falls  in  consequence  of  the  lessened  muscular  ac- 
^^vity  and  increased  heat  loss.     The  face  is  pale  w  ith  cliloro- 
^^'"m,    often    cyanotic    with    ether.     These    symptoms    of 
"^^lullarv*  paralysis  do  not  reach  a  dangerous  degree  if  the 
^^tninistration  is  carefully  done.     But  with  prolonged  anes- 
^^^sid  the  pulse  tends  to  become  progressively  weaker,  the 
^^piralion  more  shallow,  and  the  temperature  lower  —  it 
^ay  fall  as  much  as  5*  C     This  is  due  to  paralysis  of  the 
function  of  temperature-regulation. 

TKpTf  Is  somr  r^ndcncc   that   the  sensory  cells  arc  paralyzed  before 

IJ**  motor.   «incc  at   certain   stage*i   of   the   action   reflex   paths   which 

•"^f  their   <;etiv>ry   and    motor   cells    in   different   parts    of    tlic   cord 

"ov  V  excited  if  the  motor,  hut  not   the  sensory,  cells  are  exposed 

0   of  the   anesthetic.     Rut  later  the  motor  cells   also   lose 

'\\\xy.    The  excitability  of  the  motor  area  of  the  brain  is 
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4.  The  fourth  or  paralytic  itsigt  is  characterized  by 
progressive  paralysis  uf  tlie  medulla.  This  stage  must  Iw 
carefully  guarded  against. 

The  respiration  becomes  irregular,  stertorous,  labored, 
and  then  ceases.  The  shitt  is  cold  and  pale,  and  covered 
with  the  cold  clammy  sweat  of  the  "  agony."  The  pnpiU 
are  widely  dilated.  The  pulse  becomes  slow  and  weak,  am 
ceases  normally  after  the  respiration. 

9.  During  the  stage  of  recovery,  after  the  anesthetic  has^ 
been  removed,  the  patient  again  passes  through  a  stage  of 
excitement,  much  less  violent  than  in  the  second  stagt] 
Then  there  is  usually  a  slce/y  lasting  for  several  hours. 
Vomiting  is  very  common  during  recovery,  when  the  irrita- 
tion of  the  alimentary  canal  is  no  longer  maskcl  by  iHc 
depression  of  the  centers.  Thirst  and  gastritis  persist  for 
some  time. 

6.  Phenomena  Indicating  Onset  of  Paralytic  Stage. —  Since 
Accidents  in  Anesthesia  arc  generally  due  to  the  onset  of 
the  paralytic  stage, —  i.  r.,  to  paralysis  of  the  medullarr' 
centers, —  it  is  important  to  study  more  in  detail  the  smp-, 
toms  which  usher  in  this  condition.  It  will  be  profitaWi 
to  follow  these  from  the  beginning  of  the  anesthesia.  TIm 
refer  to  tlie  respiration,  circulation,  and  pupil. 

Respiration. —  This  is  fairly  normal  in  the  iirst  stage^ 
except  in  so  far  as  it  is  interfered  with  by  the  choking  pnH 
duced  by  the  local  action.  This  latter,  through  stimuIation| 
of  the  trigeminal  endings,  may  also  produce  a  short  su 
page,  but  this  is  never  very  long  (it  does  not  appear  afiffj 
section  of  the  vagi  in  animals).  During  the  second  siaft^ 
the  respiration  is  affected  by  the  struggling,  being  af 
nately  stopped  and  quickened.  In  the  anesthetic  stage  it 
ver>'  slow,  but  regular.  With  the  approach  of  the  foi 
stage  it  is  first  quickened  as  the  result  of  asphyxia. 
danger-sign  is  the  irregularity-  The  death  by  aneMi 
is  in  most  cases  due  to  asphyxia.  But  this,  except  witi 
most  ignorant  administration,  is  not' due  primarily  to  a 
of  air.  but  to  paralysis  of  the  respiratory  center. 

Circulation. —  The  effect  of  anesthetics  on  the  circuUt 
is  complicated,  and  varies  for  the  different  anesthetics, 
it  depends  upon  several  factors,  which  vary  quantitatn 
for  the  different  drugs,  and  according  to  circumstances. 

During  the  ^rst  and  second  stages  there  is  general'^ 
quickening  of  the  pulse  and  a  rise  of  blood  pressure  i 
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),  mainly  from  the  increased  movement,  but  partly 
'om  a  slight  depression  of  the  vagiis  center.  The  face 
•comes  flushed.  A  considerable  rise  of  pressure  may  oc- 
ir  from  incipient  asphyxia  (Fig.  81  B).  In  rare  cases, 
icre  may  be  a  temporary  slowing  or  even  stoppage  of  the 
from  reflex  stimulation  of  the  vagfiis  center  through 


Fic    Bi— Accident*  oj  anesthesU:     A.    Reflex   stonpaRc  af    hear!;   blood    pres- 
E,     dog.      Ethyl     chlorid     t»     inhaled     at     a.      The     heart     am]     rr^iiirattoii     »lop 


l>    (triBcminuftva^us    retlcn).     They    resiimo    spontancouftly    after    two    min- 
B.  Direct   panlysis   of   the    heart,   preceded    by   asphyxia!    rise.     Ethyl   cblo- 


r 

Vlr 


Uiian.    bill vl    preuurc.   dog. 


tngeminal  endmgs  fFig.  81  A).  This  may  ^>e  pre- 
tmed  by  atropin,  or  by  cocainizing  the  nasal  mucosa. 
I  In  tlie  third  stage,  the  pulse  is  rather  soft  and  slow,  but 
ir.  The  blood  pressure  is  scarcely  altered,  fjr  may 
show  a  slight  rise,  when  ether  is  employed  (Fig.  82 
Ether  therefore  has  but  little  effect  on  the  vasomotors, 
chloroform.  A.  C.  E.  mixture,  and  ethyl  chlorid,  there 
►nsiderablc  fall,  due  to  denression  of  the  vasomotor 
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center,  the  heart  being  but  little  altered  (Fig.  82  D  and  E). 
If  asphyxia  supervenes,  the  pressure  may  rise  considerably 
with  ether  and  ethyl  chlorid,  but  not  with  chloroform. 
since  the  cardiac  and  vasomotor  depression  are  too  pro- 


'm^- 


NMPVUU^ 


Fic  8j. — Alcohol  and  AneMlietics.  A,  Stood  prcffure.  dog.  x  c.  c.  ^^y 
wkiikey  intraveHOusty  ot  (a)  and  (b),  Slight  tcmpurar;r  fall;  followed  hy  t-i>'*  •»^- 
fttnall    anil    temporary   rinc    in    (a),    not    in    (li).      0,    Rc^i'iratton   of    a" 


I   " 


tiit    Ipncumograpb).     At    (aj,   2   c.c   of    witiskfy    hyfi'J^rmtcoity. 
increase    of    rate    and    depth    of    respiration.     CI    Et ficr    on    blood    [  t 
The   animnt    i»    very    liuhtly    anesthetized    at    the    bcieinntntt    of    the    tr^icin^ 
eihcr    is    pufhcd    at     (a).      There    i»    practically    nu     cflccl     on    the    blaod-pre««* 
even    after    ten    minutcA    (b),      I>.    CMoroform    on    blood- ft ftsurt    (duie>.     The 
halation    is   besun    at    (a)    and   pushed.     The    pressure    falls,    without    any 
change    in    the    heart    (central    v-asomotor    depression).     The    anesthetic    i 
drawn   at    (b).     The    respiration    is    very   shallow.     Arti6cial    rcsniration    is 
at    tc)    and    stoppetl    at    (d).     The    original    pressure    t«    gradually    recovered 
Ethyl  cMor%d  on   bloott  pminre    (dog).      The  inhalation   is    continued    from  a  t»* 
The  eflccts  are  very  sirailar  to  those  of  chloroform.     K.  Chloroi  on  Hearty  M 
cardiogram,    dog:     (a)    normal,    (b)    after    chloraL     Tbc    beatt    ar«    alowc4 
weaken  cd. 


nounced  with  the  latter  drug.     It  is  possible  that  the  vas<^ 
motor  endings  and  the  arterial  muscle  are  also  depressed  ^X 
chloroform,  especially  in  the  intestine  and  kidney  (EmM«?' 
and  Martin,  1905);  some  other  vessels,  however,  arecua- 
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chloroform    { Schaefer  and    Scharlieb.    1904), 
(count  of  the  extensive  vasodilatation,  the  skin  be- 

pale  in  chlorofonn  anesthesia,  but  not  with  ether, 
ratability  of  the  vagus  endings  is  depressed.  The 
niuscle  is  but  little  affected  at  this  stage,  even  by 
form. 

the  fourth  stage,  the  vasomotor  depression  becomes 
anccd.  even  with  ether.  This  is  due  partly  to  a 
action  on  the  vasomotor  mechanism,  but  is  also  aided 
asphyxia.  It  is  the  usual  cause  of  death.  The  pulse 
cs  ver>'  soft  and  irregular  (  Fig.  82  D).  At  this  time 
fdiac  muscle  is  Init  little  affecte<l.  except  indirectly, 
through  the  asphyxia  and  low  blood  pressure.     Rc- 

of  the  anesthetic,  artificial  respiration,  and  brisk 
^e  of  the  heart  ( /.  c,  rapid  and  strong  rh>'thmic  com- 
)n  of  the  cardiac  region)  will  usually  cause  prompt 
fy  (  Fig.  82  D).  The  patient  must,  however,  be  care- 
iratchefl.  even  when  recovery  seems  complete, 
hloroform  is  pushed  very  rapidly,  it  acts  directly  on 
fiUac  muscle.  Recovery  Is  then  much  more  difficult. 
p  impossible. 


Alrcct  action  on  the  heart-muftcle  has  been  studied  \>y  per- 
\i  the  excised  heart  (  Lanjfcndorflt  method).*  The  effect  is  very 
Vat^  zcith  chloroform  than  with  ether.  It  occur?  very  promptly 
,  two  minutes)  and  consists  in  a  lessened  force  of  the  contrac- 
ic  rale  being  but  little  altered  (  Kig.  8j  /■■).  The  auricles  are 
tctc<d  than  the  vcniricles.  The  cflFcct  is  proportional  to  the  con- 
pn  of  the  chloroform,  and  independent  of  the  absolute  quantity 
the  time  of  perfusion.     The  heart   recovers  at  once  when   the 

rn  is  removed,  unless  the  concentration  was  exccsMve  (0.15%), 
case  fibrillary  contractions  appear  and  recovery  is  impossible. 
As  mucli  les>&  action,  and  alcohol  ii>  practically  harmless  even 
f  is  present. 

^^-  These  are  dilated  during  the  first  and  second 
I  as  the  ordinary  result  of  excitement.  During  the 
fsuj  they  are  strongly  constricted,  due  to  depression 
idilator  center,  and  to  the  cutting  off  of  afferent  im- 
j  as  in  ^leep.  In  the  fourth  stage,  asphyxial  stimu- 
to^he  center  causes  dilatation.  Dilatation  also  ck- 
^■p^^ery.  The  danger-sign,  therefore,  is  dilatation 
P^Ts.  unless  this  accompanies  evidence  that  the  pa- 
coming  out  of  the  influence. 

\wff6aDf  Shcrrinfton  A  Sowton.  SuppL  Brituk  Mtdlcal  Jottnul.  ifoj. 
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in.  CAUSES  OF  DEATH  UNDER  ANESTHESIA. 

In  the  later  stages  of  the  anesthesia  this  usually  results 
from  mahillary  f^aralysis,  aided  by  <lirect  paralysis  of  the 
heart  muscle,  and,  as  has  been  pointed  out.  the  respiration 
normaliy  gives  out  before  the  other  centers  or  the  heart. 
But  it  must  not  be  forg-otten  that  tlie  latter  are  also  \veak-< 
ened.  and  would  eventually  lead  to  death  even  were  the 
respiratittn  kei>t  up.  Tlie  respiration  is  simply  the  weakest 
link  in  an  interlocking  chain,  and  when  another  link  is  ab- 
n^trmally  weak,  it  may  give  out  first.  In  cases  in  which 
the  heart  is  not  normal,  this  may  and  does  give  out  before 
the  respiration. 

But  in  another  class  of  fatal  cases  especially  with  chloro- 
form, the  course  of  events  may  be  entirely  different : 

Here  the  heart  stops  suddenly,  often  when  only  a  few 
whiffs  of  the  anesthetic  have  been  taken.  This  is  especially 
apt  to  occur  when  the  patient  has  been  struggling  or  hold- 
ing the  breath.  The  chloroform  is  forced  tighter  ui>on  hini. 
ami  when  a  respiration  is  taken,  the  vapor  is  inhaled  in 
almost  undiluted  form.  Now.  the  concentration,  and  not 
tlie  total  quantity,  of  the  anesthetic  constitutes  the  primary 
element  of  danger.  This  concentrated  anesthetic  vapor  may 
produce  sudden  stoppage  of  the  heart  in  two  ways: 

1.  By  reflex  stimulation  of  the  vagus  through  the  tri- 
geminus endings.  This,  thmigli  very  alarming,  is  not  usu- 
ally dangerous  with  normal  inrlividuals.  for  stimulation  of 
the  vagus  cannot  sto|)  tlie  heart  sufhcicntly  long  to  consti- 
tute an  element  of  danger.  In  fact,  this  is  a  safeguard,  in 
not  allowing  the  concentrated  anesthetic  to  Ik  carried  to  the 
heart.  But  with  a  weak  heart  and  dejiressed  circulation 
this  temporary  stopi)age  may  turn  the  scale.  This  vagus 
stoppage  does  not  occur  when  the  anesthesia  is  well  ad- 
vanced, since  all  reflexes  are  diminished  at  this  time.  Be- 
sides, anestliesia  causes  a  lowering  of  the  irritability  of  the 
vagus  endings  in  the  heart. 

2.  The  vapor  is  carried  by  the  blood  in  very  concen- 
trated form  to  the  heart,  which  it  paralyzes  through  its  di- 
rect action  on  the  muscle.  This  is  almost  invariably  fatal. 
Concentrated  vapor,  then,  generally  paralyzes  the  heart, 
whilst  diluted  vapor  paralyzes  the  respiration. 


ACCIDENTS   OF    ANESTHESIA. 

Another  cans€  of  unpleasant  symptoms  of  an  irritant  character  Ii 
in   the  impuritUs  resulting  not  only   from   imperfect  manufacture,   bi 
from   the  <Jec(jmposition   of  the   pure   product.     This   decomposition 
especially    frequent    with    chloroform,    resulting    in    the    fonnalion    ol 
Phosgen  gas  and  of  free  O  and  HCI.  all  very  irritant. 
4CHa,  +  30,  =  4COCl3  +  2H,0  +  iCT 
Phosgen, 
COCt,  +  H,0  =  CO:  -f  2Ha. 
Ks  this  is  greatly  favored  by  exposure  to  light,  chloroform  should  be 
kept    in    small    dark-colored   bottles.     The   addition   of    \%   of   alcohol 
Rreatly  retards  this  decomposition,  hut  when  chloroform  is  used  with 
arti6cial   light,  (he  combustion  of  its  vapor  necessarily  results  in  these 
proilticts.     It  would,  tlierefore,  be  advisable  lo  use  incandescent  electric 
light,   which,  in  the  case  of  ether,  would  also  obviate  the  danger  of 
Ignition. 


Of  course,  many  deatlis  during  anesthesia  are  due  to  the 
inexperience  of  the  anestliettzer,  some  possibly  to  impuri- 
\es^  a  few  are  undoubtedly  unavoidable.     But  it  is  incor- 
:t  to  attribute  every  death  upon  the  operating  table  to  the 
"ccts  of  the  anesthetic ;  for  patients  died  upon  the  table 
%%rticn  anesthetics  were  yet  unknown. 

CTne  such   case  was  of  considerable   importance  in  the  history  of 

an^ST'^thesia     When  Simp!>on  wa^  atiout  to  try  chloroform  on  a  patient 

fox"       ^he   first   time,  the  orderly   who  was  carrying  the   bottle   fell   and 

^ps  I  f  ed  the  chtornform.     No  other  being  obtainable  Simpson  proceeded 

in      C  he  operation,   which   was   for  hernia,   without  anesthesia.     The  pa- 

t>c«~«<  died  with   the   first  cut.     Had  the  chloroform   been  given  in  tnis 

ca«*^^    and  the  same  accident  had  happened,  its  introduction  into  practice 

wot*  Id  have   suffered  a   long  delay.     Other  similar  cases  are   not   un- 

coTw-t-mon:     A    patient   was   lo  be  operated   and   demanded   chloroform. 

Hi?s     condition,  however,  was  so  low  that  the  surgeon  feared  to  grant 

>  IV     %*i*h.  and  to  calm  him  held  a  cloth  xvithoui  chloroform  before  his 

'\:.-*-       S^carcely  had  the  patient  made  four  inhalations  —  of  air  —  when 

lead.     In  preanesthetic  days,  the  French  surgeon  Desault  drew 

rriad  over  (he  perineum  of  a  patient  to  mark  the  line  of  inci- 

"  'Hr  patient  suddenly  gave  a  cry  and  was  dead.     And  many 

^iB"  of    -iudden    death    from    the    violent    mental    impression 

nnc'  I'loned,  l^esides  deaths  undoubtedly  due  lo  traumatic  shock. 

t^tii  ai  the  present  day  patients  often  exhibit  "  psychic  shock "  when 

Q'PtTaled  under  local  anesthesia,  so  ttiat  it  is  a  general  practice  to  pre- 

cwlc  fhi»  by  morphin   (Strassmann.   1898). 

\i  "  ime  that  the  public  nowadays  has  largely  lost  the  great  fear  for 

'TwrMiotii  and  that  anesthetics  lessen  the  danger  of  traumatic  shock. 

^:i  tifiihfT  ts  excluded,   and  there  is  no  doubt  that  many  deaths  al- 

'uW\fi  10  anesthetics  have  their  "cause  elsewhere. 


"Htf  nntopsy  in  acute  chloroform  or  ether  deaths  shows 
roilhing  lieyotid  the  ordinary  phenomenon  of  death  by 
wphyxia  —  heart  distended,  veins  congested,  etc. 

Jl  fltey  tn  doubted   whether   anjr    fat«t   effect    can    f>e   ucrilied   to   the    im- 
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Idiosyncrasy. —  There  can  be  no  doubt  that  the  dangers  of  anci- 
thesia  vary  in  different  individuals.  These  differences  are  ala<j  seen 
in  animals.  The  zone  of  safety  is  especially  small  in  alcoholic  and 
hysterical  patients.  The  difficulty  is  mainl;^-  one  of  administration, 
struggling  and  irregular  respirntion  making  it  impossible  to  dose  the 
anesthetic  correctly.  This  may  be  largely  obviated  by  morphin.  Somt- 
times  a  patient  will  lake  one  or  the  other  anesthetic  more  readily  It 
seems  probable  that  idiosyncrasy  may  exist,  even  when  the  adnnnisiri- 
lion  is  uniform;  but  of  this  there  is  no  good  protjf.  Mansfcid  (iqd,s) 
claims  that  star\-ed  animals  are  much  more  susceptible  to  chloral,  parai- 
dehyd,  and  morphin,  but  not  lo  alcohol,  amylen  hydrate,  or  urrthane 

In  connection  with  anesthetics  there  is  a  question  of  some  medico- 
legal importance  —  namely,  whether  anesthesia  can  be  produced  during 
sleep.  Such  cases  are  reported,  but  it  must  be  extremely  difficult,  and 
consequently  rare. 

After-Effects,  Side-Actions  and  Effects  on  Metabolism. —  A 
certain  arnounl  of  gastric  {rritatitni  is  a  constant  i>hen(mic- 
n(*n.  but  rarely  assumes  seriiuis  featnres.    Si^  is  an  irritation 
n{  tlie  respiratory  structures,  which  is  further  complicated 
hy  a  lowered  resistance  of  the  hmgs.  which,  with  the  in- 
spiration of  saliva  and  buccal  bacteria,  may  give  rise  to 
pneumonia.      Previous  disinfection  of  the  month  has  tliere— 
fore  been   recominended.     The  occurrence  of  other  infec- 
tions is  likewise  favored  by  the  temporary  lowering  of  tl"*^ 
powers  of  resistance.     Evidences  of  an  acute  nephritis  — 
albuminuria  and  glycosuria,  sometimes  casts  —  are  not  ur 
common,  but  may  in  some  cases  be  referred  to  asphyxia. 

These  after-effects  are  more  pronoimced  in  the  case  <^^  ^ 
ether  than  of  chloroform;  for  although,  quantity  for  qua.*"^  — 
tity.  chloroform  is  by  far  the  more  irritant  of  the  two,  tV»^ 
absoUite  amount  of  ether  taken  more  than  balances  ihmi'S 
difference. 

The  question  whether  ether  or  chloroform  is  more  ir"*"^^ 
tant  to  the  kidney  cannot  be  considered  as  decided. 

Recovery  «x:curs  most  promptly  and  with  the  least  aft^« 
effect  with  nitrous  oxid  and  ethyl  chlorid;  then  comes  cth^"*"* 
and  lastly  chloroform. 


Chloroform  and  chloral  occasion  vcr>*  pronounced  change<i  m 
olUm,  shown  especially  in  an  increased  excretion  of  non-urea  T\itT>t£<~^ 
and  of  orf^anic  sulphur  (especially  in  carnivorous  animals).*    T 
gen  of  the  liver  is  diminished,  the  sugar  of  the  blood  is  inert-;; 
glycosuria    is    frequently   seen.     These   effects    are    due    specifically    '' ' 
the  diloroform,  and  not  to  the  anesthesia.     Tlie  effects  of  ether  re^^W 
hie  those  of  alcohol.     Chloroform,  ethyl  chlorid,  and  nitrous  oxid  lo*^ 
the   COi  of   the    blood    and    increase   its   oxygen.     Croton-chloral   »"" 
chloralose  have  the  opposite  effect.    The  anesthetici  of  this  series  caw^ 

*  The  effect*  of  chloroform  are  rJe4crib«d  by    Ro*toVi.    1901;  thotc  of  ether  *T 
Pringic  k   Maunscll,   1905;   ether  glycosuHa  by   Rohricht,   190$* 


:ral  anesthetics. 


a  laking  of  the  blood  outside  of  the  body,  and  there  seems  to  be  a 
slight  effect  of  this  kind  in  the  body:  cxaminalion  of  the  blood  shows 
a  polycythemia,  due  to  diminution  of  the  plasma.  The  hemoglobin  i!^ 
however,  reduced.  Some  corpuscles  are  destroyed  entirely,  others 
lose  only  part  of  their  hemoglobin.  Since  a  diminution  of  hcnioglobin 
to  50%  is  dangerous,  it  is  never  safe  to  use  anesthetics  on  patients 
showing  only  60%  of  hemoglobin   (Da  Costa  and  Kalteyer,  1901). 

It  is  conceivable  that  this  hemolysis  explains  partly  the  annnia  and 
icturus  which  arc  sometimes  seen;  but  these  may  also  be  causerf  by 
hepatic  changes.  The  Hvcr-cclls  show  marked  and  rapid  vacuolization 
after  the  use  of  large  doses  of  meml)ers  of  this  scries  (particularly 
urcthan.   Snllmann   and    Brown,    iqoj). 

Blood  absorbs  considerably  more  chloroform  than  does  salt  solution. 
This  excess  cannot  be  removed  by  a  vacuum. 

The  cells  of  otlier  organs  of  the  body  a!so  suflfer,  espe- 
cially with  chloroform  and  when  the  anesthesia  is  pro- 
longed. 

The  patient  remains  in  a  general  apathetic  cnncliiion  and  dies  inside 
of  se\-cral  days  with  the  general  phenomena  of  heart  failure.  The 
autopsy  in  such  cases  reveals  fatty  degeneraiion  throughout  the  body, 
and  especially  in  the  liver  and  heart.  Recent  researches  make  it  appear 
that  these  faity  degenerations  are  not  the  dangerous  clement.  They 
appear  quite  easily,  but  disappear  again  equnlly  readily.  The  real 
<langer  seems  to  he  in  dtgeneraik'c  rfttiH^vj  in  fhr  cardiac  ganglia. 
These  are  cumulative  and  perfsistent.  Thoy  are  seen  after  chloroform, 
chloral,  morphin,  and  large  doses  of  atropin.  but  not  after  ether.  They 
^cem  especially  dangerous  in  the  "status  lymphaticus"  (Strassmann, 
1898). 

Jf  flhcr  is  taken  into  the  stomach,  it  is  rapidly  volatilized  and  dis- 
tends the  organ,  sometimes  so  much  as  to  interfere  with  respiration; 
it  may  even  produce  rupture  of  the  organ.  It  also  causes  considerable 
local  irritation,  and  consequently  a  temporary  Icucocytosis.  Anesthe- 
sia may  be  produced  in  animals  by  the  gastric  administration  of  chlo- 
roform  (Grchant,  1905,  sec  Index). 

IV.  OTHER  GENERAL  ANESTHETICS. 

The  slow  action  of  ether  and  the  dangers  of  chloroform  have  Ted 
to  the  trial  of  a  number  of  other  general  anesthetics.  Schnciderlin 
has  proposed  a  narcosis  by  morphin  and  atmpin.  In  lalmralories,  a 
general  anesthesia  is  induced  in  animals  hy  \ircthane,  chloral,  and 
chloretone.  All  these  methods  have  the  drawback  that  the  degree  of 
anesthesia  cannot  be  adjusted  to  the  varying  needs  of  the  case.  In- 
halation anesthesia  cannot  be  replaced  by  them. 

Of  the  var>'ing  substitutes  which  have  been  suggested,  nitrous  oxid 
alone  has  thus  far  firmly  established  its  value,  It  is  discussed  in  the 
following  chapter.  Ethyl  chlurid  is  promising,  but  is  still  in  the  ex- 
perimental stage.  Ethyl  brnmid  ard  methyl  oxid  have  not  stood  the 
test  of  continued  use.  Anesthetic  mixttires  are  to  he  condemned.  The 
problem  has  been  partly  solved  by  the  introduction  of  combination 
anesthesia;  i.  e.,  the  preliminary  use  of  a  quickly  acting  anesthetic, 
followed  hy  ether. 

Ethyl  Chlorid  (CaHaCl)  has  proven  very  useful  for  short  anesthesia, 
as  in  minor  surgery:  or  to  precede  the  administration  of  ether  or  chloro- 
form.    When   it  is  administered   for  a  shnrt  time  only,  it  seems  quite 
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safe;  but  with  prolonged  administration  it  produces  the  same  effect* 
as  chloroform  (E.  D.  Brown  and  Gcbaticr,  1905),  and  seems  to  be  even 
more  dangerous. 

Its  main  advantages  consist  in  the  rapidity  with  which  anesthe&u 
is  induced ;  in  the  consequent  absence  ot  struggling,  excitement,  and 
unpleasant  sensation;  in  the  very  prompt  and  complete  recovery,  with 
a  minimum  of  after-effects.  The  muscular  relaxation  and  abolition  o{ 
rcriexes  are  incnmplctc,  and  a  little  experience  is  required  to  recog- 
nise the  proper  time  for  operating.  It  has  occasionally  failed  iti 
alcoholic  patients. 

It  may  be  administered  by  spraying  it  on  a  chloroform  mask.  Thi* 
method  \i  so  wasteful  iliai  a  special  mask  is  to  be  preferred,  allowing 
its  administration  in  gaS  form,  and  restricting  the  admission  of  air. 
It  has  also  been  used  by  pouring  a  small  amount  into  a  closed  mask. 
These  methods  utilize  a  partial  asphyxia:  they  consume  from  5  to  10 
c.  c.   for  short   operations    (Large,    igo.")). 

Ethyl    Bromid    (QHiBr)    resembles   the   ethyl   chlorid   in   most   re- 
spects.    However,    it    must    not    t*c    pushed    to    the    disappearance   i>  fc 
reflexes,  since  the  respiration  is  paralyzed  about  the  same  time.    Th^ 
zone  of  safety  is  therefor  very  narrow.     Pain  is  abolished  before  cor»  — 
scioiisnes.s,   and    the   operation   must   be   made   before   conscmiisne-** 
entirely  gone.     The  pniper  lime  for  operating  is  somewhat  difficult  ' 
choose,  and  tlie  drug  is  very  dangerous  in  unskilled  hands.     With  cj 
pcrience,    the    danger   seems   to   be    slight.     The   proper   amount    ( f*         it 
adults.  8  c.  c. ;  for  children  not  more  than   i   c.  c.  per  year)   is  ponr^^^r*! 
on  a   folded  toWel  or  cone,  and  administered  to  the  exclusion  of  aaHw^ 

until  the  proper  degree  of  anesthesia  is  reached.     It  is  then  remove ^\ 

It  is  only  suitable  for  short  operations  ( lonsilotomy,  etc.).  The  a^-^  d- 
ministration  requires  jo  to  40  seconds ;  the  anesthesia  lasts  about  tiP^^atO 
minutes.     Recovery  occurs  at  once. 

After  a  bottle  has  been  opened,  the  contents  cannot  be  tLsed  aga^^ 
as    they    dcteriurate    rapidly.     The    drug   must    not   be    confused   wi 
Bthylt'tt  hrnmui   iOA\*C\i),  which  is  very  poisonous. 

Bromoform    (CHBr*)   is  not  sufficiently  volatile  to  be  of  use  as 
anesthetic.     It  is  employed  as  an  antispasmodic  in  whooping  cough. 


Anesthetic  Mixtures. —  The  attempts  to  blend  the  acti< 
of  anesthetics  by  mixing  them  have  been  imiformly  unst 
cessfiil.  because  the  ingretUents  do  not  volatilize  with  eqi 
rapidity.  The  composition  of  the  inspiretl  anesthetic 
therefore  absolutely  uncertain.  As  a  rule,  the  conccnti 
tion  of  the  chlorofi  irm  increases  during  the  anesthess-  -w. 
These  mixtures  arc  therefore  quite  as  dangerous  as  chlo: 
from,  and  should  be  condemned  (Kochmann,  1903). 


A.  C.  E.  Mixtures. —  These  contain   alcohol,  chloroform,  -"-^  .-r>irr 
in  various  proportions.     fThe  English  mixture ^i  :2  :  j:   1 
t  :3  :  I.)     Their  effects  crrrcspond   to  those  of  chloro(onn. 
tain  dilution.     They  lower  the  blood  pressure. 

Other  Mixtures. —  Schleich   believes  that  it  would  be  an  advantiyr 
to   employ   anesthetics  whose  boiling  point   lies   at  the  temperattirr   •' 
the   l>ody'     For  if  the   boiling  point  is   lower    (e.  g,.  with  ether  »,jl' 
vap<ir  will   expand,  oppose  a  greater  pressure  to  the  t  ■  f  '  ' 

and    induce    asphyxia.     If,    on    the    nihcr   hand,    the    1'  '    '' 

above  the  body  temperature,  some  of  the  vapor  will  be  v-mu.  ..-tu.  lu 
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will  contain  less  than   the  inhaled  air,  and  there   will  be 
r  from  the  dnig   (as  with  chloroform).     This  is  based  on  falla- 
a  priori   reasoning ;    but   even    were   it   true,    it   may   be  doubted 
•ther  the   boiling  point  has  this  great  importance  in  practice,  since 
anesthetic  is  not  inhaled  automatically,  but  is  controlled  according 
the   symplomK.     Schleich   secured  an  anesthetic  of  the  boiling  point 
about  40    C.  by  mixing  ether,  chloroform,  and  petroleum  ether,  the 
for  the  purpose  of  lowering  the  boiling  point.     A  mixture  of  ether, 
loroform.   and    ethyl   chlorid,   boiling   at   40"    C,   has   recently    been 
>mnicnded  under  the  name  of  anesthol.  with  the  claim  that  it  is  a 
lie  compound,  and  that  its  composition  does  not  alter  on  evapora- 
The  claim  seems  to  be  unfounded.    Other  mixtures,  containing 
ethyl    bromid,   etc.,   have   also   found   advocates  (Schleich). 

Combined  Anesthesia. —  To  avoid  the  prolonged   excite- 

tn  stage  of  ether,  with  the  disagreeable  sensation  of  suf- 
ation,   and   the   dangers  of  struggling  in   atheroma  or 
rt  disease,  it  has  l}een  customary  in  certain  cases  to  start 
anesthesia  with  cliUtroform,  changing  to  ether  as  soon 
the  anesthetic  stage  is  reache<L     The  practice  is  objec- 
lable,  on  account  of  the  dangers  of  chloroform  in  tlie 
and  second  stages.     A  notable  advance  was  made  by 
ing  the  inhalation  of  nitrous  oxid  ( mixed  with  about  2% 
oxygen)    for  the  production  of  the  primary  anesthesia, 
lis  lias  been  entirely  successful,  and  is  used  as  a  routine 
some  hospitals.     The  expense  of  the  apparatus  and  gas 
:he  only  objection.     M(»re  recently,  ethyl  chlorid  has  been 
Lsiituted.     In  either  case,  the  anesthesia  during  prolonged 
linistration  is  maintained  with  ether. 


Volatile  Narcotics  of  Toxicologic  Interest. —  Qasolin. —  (PetrO' 
^Ipit  Hc^sin.) —  The  more  volatile  product*.  01  petroleum,  adminis- 
^Kd  in  the  form  of  concentrated  vapor,  cause  purely  paralytic  symp- 
^B»  tn  fr'igs,  hut  in  mammals  ihey  seem  to  have  only  a  weak 
^^Bthctic  action,  If  they  arc  inhaled  to  the  exclusion  of  air,  they 
mm  cause  an  asphyxial  anesthesia.  Before  this  sets  in  there  are  very 
cturacicrisiic  convulsions  (Sollmann,  1901).  The  animal  struggles 
VKJentty.  then  falls  on  its  $ide  and  claws  the  air  with  all  fours,  as  if 

King     The  pupils  are  widely  dilated.     Reflexes  absent    The  spasms 
intermittait.  and  between   them  the  dog  is   perfectly  limp,  except 
the  toes,  tail,  and   eyelids   continue  to  twitch.     The  respiration  is 
stimulated,   then   weakened.     There   is   a   paralysis   of   the   vagus, 
a   depression  of  the   cardiac  muscle,   and   later  of  the  vasomotor 
cmlcr      Either  heart  or  respiration  may  stop  first. 
^if^i'n-.'!  -hows  similar  changes.) 

ids  are  therefore  unsuitable  as  anesthetics,  even   for  ani- 

m  is  'iaid  to  be  used  as  an  intoxicant. 

icn  fclrolfum  i^s  swallowed,  it  produces  narcotic  eflfects  similar  trt 

of  alcohol,  with  strong  gastroenteritis.     It  is  toxic  in  proportion 

ilent  of  the  more  volatile  products.     No  fatal  ease  has  thus  far 

>rtcd.     O-al  oil  applied  to  the  skin  is  a  moderate  irritant,  and 

to  dermatitis   (J'^s'-'ph.  1896). 


Carbon  Disulphid  (CSi).— Tliis  very  volatile  fluid  has  a  toxicologic 
importance,  from  its  extensive  use  in  the  arts,  particularly  in  ihe 
rtibbrr  industry  (Stadelmann.  l8g6). 

Acute  Foisoning  is  quiu*  rare  and  produces  effects  similar  to  those  of 
chloroform. 

Chronic  Poisoning  is  the  more  common.  The  sjTnptoms  may  not 
appear  for  several  weeks  and  tlien  develop  quite  slowly  *o  that  several 
stages  may  be  distinguished.  The  effects  have  a  pathological  basis  in 
irritative  changes  throughout  the  body,  The  symptoms  begin  with  dis- 
turbed scnSiition  ( headache,  formication,  virrlign^  etc. )  and  gaslro- 
intestinal  catarrh.  Ir4  the  second  stage  there  is  irritability,  excitement, 
hystcrial  manifeslntimis,  etc..  and  signs  of  marasmus.  The  third  stage 
shows  central  paralytic,  or  epileptic  features,  and  peripheral  neurites. 
Ataxia  has  been  reported.  The  marasmus  is  pronounced.  Degenera- 
tive histologic  changes  are  found  in  blood  (hemolysis,  leucocytosis. 
anemia;  no  methemoglohin  formation),  nerve  cells  and  dendrites,  liver 
(vacuolization),  kidneys,  and  hums,  Death  docs  not  occur  until  very 
late  (A  more  extensive  description  is  given  on  page  461  of  the  Brst 
edition.) 

V.  THE  CrjOICE  OF  THE  ANESTHETIC. 

For  short  operations  the  preference  should  be  given  to 
local  anesthesia:  or  where  this  is  not  practicable,  to  nitrous 
oxid  or  ethyl  chlorid.' 

For  prolonged  operations  the  choice  is  practically  re- 
stricted to  ether  and  chloroform.  There  can  be  no  doubt 
of  the  much  greater  safety  of  ether;  the  average  fatality 
with  ether  l>eing  aljout  i  in  u.ooo;  that  of  chloroform  i  in 
3,000.  Ether  should  therefore  be  preferred,  t4ftiess  it  is 
speciHcally  coiitraindicaied. 

These  eontraimlieatiotis  to  ether  are  the  following: 

It  is  more  disagreeable  to  take.  The  struggling  contra- 
inclicates  the  drug  in  atheroma.  These  objectiims  arc 
largely  met  by  the  combined  methods.  Ether  is  to  be  avoid- 
ed in  all  diseases  of  the  respiratory  organs.  The  relative 
damage  to  the  kidneys  by  the  two  anesthetics  is  disputed. 
(Both  should  be  avoided  in  atlvanced  renal  or  cardiac  dis- 
ease. Giloroform  sh<^nilfl  never  be  used  when  the  heart  is 
abnormal,  nor  when  the  operation  is  likely  to  lead  to  much 
hemorrhage.  It  is  preferred,  on  the  other  hand,  in  brain 
surgery.)  Etiier  does  not  cause  as  complete  muscular  re- 
laxation, 7ini\  chloniform  is  preferred  when  this  is  essen- 
tial. Ether  anesthesia  being  less  lasting,  chloroform  is  pre- 
ferred when  the  inhalation  has  to  be  interrupted;  as,  for 
instance,  in  operations  abml  the  mouth.     The  inflamma- 

*  .\  (jutck  and  short  ane*lhesia  can  also  \x  producrd  by  nber,  the  socatlc^ 
"  one  minulc  ancnthrsia"  A  tcaspoonful  is  poured  into  the  cnn«.  *n(i  x\k 
patient  14  directed  to  lake  deep  inspirainn*.  whiUt  counting.  The  o[^raliur  i» 
made  at  soon  a*  t)K  counting  bccomu  irregular.  The  method  cannot  comr^f 
with   those   ffivcn   in    the    texU 
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tty  of  ether  forbids  its  use  when  the  cautery  is  to  l>e  em- 
pktyed,  and  enjoins  great  caution  when  open  fires  or  lights 
are  in  the  room.  The  greater  volatility  of  ether  limits  its 
usefulness  in  hot  climates;  its  slower  action  and  the  larger 
bulk  which  is  required  also  make  it  less  useful  on  the  battle- 
field. 

Chloroform  is  especially  contraindicated  in  prolonged 
operations,  on  account  of  the  late  degenerations. 

Occasionally,  the  choice  of  the  anesthetic  is  determined  by 
the  idiosyncrasy  of  the  patient. 


VI    PRACTICAL  RULES  FOR  ANESTHESIA. 


Preparations. —  Beforr   commencing   the   administration,   the  patient 
should  be  prepared  by  receiving  a  cathartic  on  the   previous  day,  and 
nothing  bill  a   very  light  meal   for  al  least  two  hours  before  the  anes- 
thesia, to  prevent  the  HischarRe  of  ihe  content s;  of  the  alimentary  canal 
dnring  the  anesthesia.     He   should  be  carefully  examined   for  cardiac, 
fvful.   and   pulmonary   disease.     He   should   then   be   placed   in   such   a 
poMtion   a^   to   interfere   to  the   smallest   possible   extent   with   respira- 
tion :   the  hvatS  preferably  low.     The  clothing  should   l>e  loosened  and 
all    foreigTi   t»odics  —  false   teelh.   etc. —  removed   from   the  mouth.     All 
th^  instruments.,  etc.,  apt  to  he  used  should  be  at  hand  before  the  ad- 
/ni»i»5tra!ion    is    started  —  both    anesthetics,    mask,    hypodermic    with 
^ir>chnm.  brandy,  etc. 

1 1  IS  very  useful  to  administer  a  hypodermic  injection  of  morphin 
^(gCf  mg.  =  '/,  grain)  and  atropin  or  hyoscin  {0.5  mg.  =:Vi,o  grain) 
^tyc:»ttt  hair  an   hour  before  the  anesthetic  is  started. 

'T"he  morphin  lessens  (he  apprehension  of  the  patient,  and  the  strug- 

{gtiT^R  and   excitement.     It   renders   the  course  of  the  anesthesia  much 

iBn*^"**'' **'■''.  and   rcd\ices  materially  the  quantity  of  anesthetic  which  has 

I  to    1^>*  administered ;  and  thereby,  the  dangers  of  the  afier-efTccls.     The 

»tr-c»pin  or  hyoscin  reinforce  the  narcotic  action  uf  the  morphin  some- 

wWa^t;  liut  they  are  especially   useful  by  preventiuR   the  hypersecretion 

oi       ** .ind    the    reflex    vagus    stoppage    of    heart    and    respiration. 

Th  i.ij  be  attained  by  cocainizing  the  nasal  mucosa.     It  must  be 

^^^^  .<U   that    these   alkaloids  affect   the  pupil,   so  that    this   cnimot 

^H^At ;  but  ihey  are  especially  useful  by  preventing  the  hypersecretion 
HHb  utilized  as  a  dimger  signal.  A  small  dose  of  strychnin  is  also  use- 
™L    if  re**piratory  failure  is  to  be  feared. 

'y  ffevent  ihe  heat  action  of  the  anesthetic  an  the  face,  it  is  well  to 
3^'nt  the  nvMith  and  nose  with  petrolatum.  Care  should  be  taken  to 
"   -   'Hr  patient  close  his  eyes. 

rvifard  to  the  administration  of  the  anesthetic  itself:     This  is 
dune  by  inhttiation.  since  the  amount  can  tic  much  more  readily 
d  m  that  manner.     Attention  should  be  directed  to  the  follow- 
points: 

^^confentration  of  the  vapor.    It  must  be  well  understood  that  the 

le  danger   lies   in   the   concentration   of   the   anesthetic   vapor. 

in   the    actual    amount    employed.    The    absolute   quantity    is 

pfiftant    in   connection    with    the   after-effecls.     With   regard   to 

ntration,    experiments    have    shown    that    the    percentage    of 

the  respired  air  must  !>e  3.6  vol.:  of  chloroform,  [.o  to  1.5  vol. 

limits  are  quite  safe,   and  such  quantiuuive  mixtures  have,   in- 

^'-n   given   by  special   apparatus.    Aside   from   the  cumbersome 
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nature  of  the  latter,  an  important  objection  to  such  standard  mixiurcs 
is  the  slowness  with  which  ihey  produce  anesthesia.  Il  is  certain  that 
much  stronger  nnxlures  than  these  may  be  borne  for  a  short  time,  and 
are  quite  safe  in  starting  the  anesthetic.  Nor  have  any  of  these  ap 
paratus  deserved  or  attained  much   popularity/ 

The   fact  is  that  no  mechanical  device  can   replace  the  sense  of  rr- 
sponsibiiily,  the  constant  watchfulness,  and  the  quick  reasoning  of  the 
experienced  anesthetizer.     Aneslheti7ation  is  not  a  physical  experiment 
where    the    factors    can    all    be    foreseen,    but    the    condition    of    the 
patient  is  apt  to  vary  from  moment  to  moment,  and  must  be  taken  into 
account.     The   state  of  the   respiration   must   be   carefully   watched:  if 
the   patient   holds   his   breath,   the   mask   must   be   held    farther   away, 
since  the  next   respiration   will   be  an  especially  deep  one.     When  the 
respiration   becomes   slow   and    shallow,  this   signifies   that   a   sufficient 
amount   has  been  taken,  and   that   the  rjuantity  may  be  lessened.    TV 
object  is  to  give  no  more  than  is  necessary   to  just  keep  the  patient 
anesthetized.     On   the   other   hand,   care   must    lie   taken   to    keep  him 
thoroughly  under  the  influence,  for  shock  is  much  more  common  under 
partial  anesthesia.     Since  the  respiration  and  circulation  react  one  upon 
the  other,  so  that  no  change  could  occur  in   the  latter  without  being 
noticed   in   the  former,  and  since  mo.st  acciclenls  occur  from  stoppage 
of  the  respiration,  it  may  be  sufficient  to  watch  this  alone,  as  is  advi*«l 
by  some.     But  as  it  is  of  the  highest  importance  to  discover  beginning 
failure  of  the  one  or  the  other  at  the  earliest  possible  moment,  the 
anesthetizer  cannot  be  considered  as  dv^ing  his  duty  unless  he  carefaify 
observes  both.     The  argument    that  watching  the  circulation  distracts 
the  attention    from   the   respiration   •should   not   hold ;   the   aneillietito" 
should  be  able  to  keep  his  attention  fixed  upon  both. 

The  fact  that  the  required  concentration  of  ether  is  much  greattf 
than  with  chlorofonn.  lends  to  the  temptation  not  to  admit  suffiocnt 
air.  This  must  be  carefully  guarded  against,  or  asphyxial  symptortii 
may  result  simply  from  a  deficient  supply  of  oxygen. 

Cldoroform  is  given  on  a  cloth,  held  some  little  distance  from  the 
face,  and  best  supported  on  a  frame.  With  either  anesthetic  the  mwk 
should  al  first  be  kept  fairly  away  from  the  mouth,  until  some  nar- 
cotic effect  is  obtained,  to  lessen  the  feeling  of  choking  from  the 
concentrated  vapor.  The  patient  should  be  encouraged  to  hrrfltne 
quietly  and  regularly.  Counting  is  a  good  expedient  for  this  pnrp*»^ 
With  regard  to  the  chloroform,  this  is  best  dropped  in  a  regular  rfun- 
ner  on  the  cloth.  The  rate  should  under  no  circumstances  cxcc«<I^ 
per  minute,  and  usually  should  not  be  over  12  After  the  anesthetic 
stage  has  been  induced  6  drops  per  minute  will  usually  suffice.  Th«* 
will  be  found  better  than  to  remove  the  mask  altogether  and  reapply  •' 
with  a  larger  dose  when  the  patient  shows  signs  of  recovery. 

Ether  is  usually  administered  on  a  special  mask,  which  admits  o"*^ 
a  lunited  amountof  air.  About  a  tablespoonful  is  placed  in  the  oias*^ 
and  repented  as  needed. 

It  may  also  be  given  by  a  "drop  method,"  being  dropped  al  the  rtt* 
of  about  150  per  minute  over  the  entire  surface  of  a  chlorofonn  inhal^^ 
with  about  8  layers  of  gauze,  held  an  inch  from  the  face.  This  w**'^ 
considerable  ether,  but  avoids  largely  the  suffocation,  cyanosis,  t^ 
struggling  of  the  fir.st  and  second  stage. 

The  quantity  of  anesthetic  which  is  required  for  an  ordinl^ 
operation  is  very  varinhlc.  Seme  40  c.  c.  of  chloroform,  or  150  cX  o' 
ether,  by  the  ordinary  method,  or  250  c.  c.  by  the  drop  mcthotl.  *" 
about  the  smallest  quantities  for  an  hour's  anesthesia. 

The  tongue  may  fall  back  and  interfere  with  rcspiralton,  as  denowo 

*  Tlie  limplent  fomi  »  that  propoicd  by  A.  V.  Hmrcoart;  SappL   Bnt  Un 

lourn.    1903,   p.    14J. 
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H     by  noisy  breathing.     In  this  case  it  will  usually  suffice  to  push  the  jaw 

■  forward,  but   it  may  be   necessary   to  draw  out   the  tongue.     If  tnuch 
^     mucus  accuniuiaie*,  this  should  be  removed  with  a  cloth.     If  vomiting 

occurs  the  head  should  bo  turned  to  the  ^ide. 

If  the  symptoms  of  the  fourth  stage  (p.  4J8)  should  make  their  ap- 
pearance, or  if  cither  heart  or  respiration  should  show  signs  of  failing. 
the  anesthetic  should  at  once  be  withdrawn  and  restorative  measures ' 
started.  These  consist  in  lowering  the  head  of  the  patient,  in  order  to 
give  the  medullary  centers  the  benefit  of  any  circulation  still  remain- 
ing. A  few  rhythmic  compressions  of  the  epifiastrium  may  be  tried, 
but  if  these  do  not  succeed  quickly,  artificial  respiration  hy  any  of  tiie 
H     niethod-s  should  be  begun  at  once.     This  prevents  asphyxia   and  elim- 

■  mates    the    poison.     The    cardiac    region    should    also    be    compres.sed 
■^   strongly  at   the   rate  of  seventy  times  per  minute,  since   this  aids  the 

action  of  the  heart  and  supplies  a  mechanical  stimulus.  A  venesection 
15  .sometimes  efficient  in  starting  the  heart,  but  is  always  risky.  Faradi- 
zation of  the  phrenic  nerve  or  of  the  heart  has  also  been  advocated,  but 
appears  to  be  prompted  more  by  the  desire  to  do  something  than  by 
any  rational  view  of  the  object  to  he  accomplished.  Stimulation  of 
the  phrenic,  to  be  sure,  causes  contraction  of  the  <liaphragm  and  in- 
H  spiration,  and  if  done  intermittently,  would  take  the  place  of  artificial 
B  respiration.  But  it  possesses  no  advantaye  over  the  latter,  and  besides 
k1^  ^^*~^  *''-^^  ^^^  ^'""^  required  to  adjust  the  apparatus  might  be  much 
belter  utilized,  there  is  apt  to  be  stimulation  of  the  vagus  —  a  most 
undesirable   feature. 

With  regar<i   to   faradization  of  the  heart,  there  is  no  more  effectual 
way  known  of  killing  this  organ  than  electric  stimulation  (by  the  pro- 
duction of  delirium  cordis),  and  the  only  reason  why  more  harm  has 
pot  been  clone  hy  this  senseless  procedure  is  that  the  electricity,  as  it 
^**  ^^'^■'"arily  applied,  does  not  penetrate  through  the  chest  walls. 

■  Of  drugs,    strychnin,  or  caffein,   by   virtue  of  the  stimulation  of  the 
^irespiraiory  and    vasomotor  centers,  are  very  useful  if  given  in  time  — 

■-  ^.,  while   they   may  still  be  absorbed.     Injection  of  normal  salt  solu- 
tion may  be   tried. 

The  inhalation  of  oxygen  is  also  very  useful.  This  does  not  decom- 
pose the  chloroform,  but  counteracts  the  asphyxia.  It  has  been  sug- 
Rested  that  oxygen  be  administered  throughout  the  course  of  the  anes- 
thesia.    This   requires  special  apparatus. 

One  of  the  best  methods  of  resuscitating  animals  is  by  strong  sensory 
stimulation,   as    of   the   sciatic.     Hypodermic   injections  of  ether,  which 
gave  been  used    in  man,  might  be  supposed  to  act  in  the  same  manner 
But  clinical   obser\-ers  condemn  their  use,  and  experiments  on  animals 
show   that    the    stimulus   is   too   weak   to  produce   much   effect.     Small 
aoses    cause    nn    perceptible   change    in   blood   pressure   or   heart   rate. 
mhilst  largner   doses   produce  narcosis  with  fall  of  blood  pressure.     The 
^^^pirMion,   however,  may  be  materially  improved   (Fig.  82  B). 
The  inhalation   of  ammonia  is  sometimes  rcmark.ibly  effective. 
It  is  often    necessary  to  keep  patients  lighlly  under  the  influence  of 
an   anesthetic     when    no   skilled    assistant    is   available,   as   in   obstetric 
practice.      Here    a    method  of  self-Inhalation  suggested  by  Brunton  is 
very  useful  : 

The  inside  of  a  tumbler  is  covered  with  blotting-paper.  A  few  drops 
of  chloroform  are  poured  on,  and  this  is  given  to  the  patient,  with 
directions  to  hold  it  an  inch  from  his  month  and  inhale.  This  works 
automatically,  for  as  the  patient  becomes  narcotized  he  naturally  allows 
his   hand    lo    drop,    and   so   removes   the   tumbler;   and   as   soon   as  he 

'  Eirrcise     s8- 
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becomes  conscious  and   sensitive  to  pain,  he  will   replace  it.     It  wouM 
not,  nf  course,  tw:  possible  to  induce  deep  anesthesia  ni  this  manner. 

Other  Uses  off  Anesthetics.—  BcMdes  the  use  of  anesthetics  in  op- 
eration, they  are  often  used  in  obstetrics,  especially  chloroform  Nnt 
complete  anesthesia,  hut  merely  a  dulling  of  the  pain,  is  desired  here, 
and  the  dose  should  be  small,  since  larger  quantities  are  apt  to  prolong 
the  labor,  and  may  be  dauRcrous  to  the  fetus  by  lowering  the  genera! 
blood  pressure.  Clinicians  insist  that  anesthetics  arc  remarkably  wtll 
borne  during  labor.     This  has  not  been  explained. 

A  light  chloroform  anesthesia  is  also  used  to  dull  the  excitability  of 
the  central  nervous  system,  in  f>ain  or  insomma;  and  to  check  cunin/* 
sions.  as  those  of  strychnin,  tetanus,  or  eclampsia.  It  i*.  cApecially 
useful  in  the  onset  of  these  conditions:  when  the  convulsions  are  folly 
developed  it  nuisl  be  used  cautiously,  to  avoid  asphyxia, 

For  the  production  of  the  light  anesthesia,  cnlon>form  is  preferred 
to  ether,  since  it  can  be  more  easily  regulated,  and  its  effects  are  morf 
lasting. 

A  very  deep  degree  of  anesthesia  is  emplojred  in  reducing  dishta- 
tions.  to  relax  the  tone  of  the  opposing  muscles. 

Besides  the  narcotic  action,  the  local  irritation  of  these  drug^i  ii  o«^ 
therapeutically  in  the  same  manner  a.-s  alcohol,  chloroform  being  a 
very  active  rubefacient  and  much  superior  to  ether,  since  the  lattf 
evaporates  too  quickly.  The  use  of  chlorofonm  as  anthelmintic  and  of 
ether  for  freezing  is  discussed  elsewhere  (Chapter  XXX,  F).  Bromo- 
fuim  is  given  in  whooping-cough. 

VII.  MATERIA  MEDICA. 

Chloroformum    fUS.  P..    B.  P.).*— CA/ortj/orm.— Contains  at  k 
9Q%  CHCTi,  made  by  distilling  alcohol  with  chlorinated  lime  and  panf_ 
ing  the  product.     Sp.  dr.   1.49.     Soluble  in  200  parts  of  water  ard^» 
all  proportions  of  alcohol  or  ether.     Boiling-point.  60°  to  61*  C   V-" 
inflammable.    Dose:  o.i   to  i  c.c.   (2  lo  15  minims)    (0.3  c.c  =  5" 
U.S.  P.). 
Preparations: 

Aqua  Chloroformi  ( l\  S.  P.,  B.  P.).— A  saturated  solution  In  »aM 
(Made  by  agitation.)     Flavoring  and  hypnotic.    Dose:  4  to  15  C^ 
to  4  drachms)  (16  c.c.  =4  3,  U.  S.  P.). 

Bmulsum  Chlorofonm  (V.  S.  P.). —  A  4%  emulsion.     Dose:  8  c  c- 
2  3.  U.S.  P. 

Sfiritus  Chloroformi  (U.S.  P..  B.  P.).— A  6%  solution.     Dwr*  l 
4  c.c.   (Vj  fo  I  drachm)    (2  c  c.  =^30  tit.,  US.  P).  ,^ 

Linimenium  Chloroformi. —  30%  with  soap  liniment,  U.  S.  P.  fJ*  ' 
with  camphor  liniment.  B.  P.].  1^ 

*Mistura   Chloroformi  ct   Cannabis   Indictr   Cotnposita.   \,  P.— t*^ 
teaspoonful  contains  0.5  c.  c   each  Chloroform  and  Tr   Cannabis  ItKPf*  ' 
Q,2y,  c.c.  Tr.  Cnpsicum;  and  0.01   Gm.   Morphin  Sulphate. 

Tinctura  Chloroformi  ct  MorphiH(p  Cotnposita  (B.  P.).— 7.5^  chlo'^ 
form:  1%  of  Morphin  Hydrochlor.,  and  5%  of  Dilute  Hydrocja'"'*^ 
Acid  ;  also  Capsicum.  Peppermint,  and  Cannabis  Indica. 

Bromoformum  (V.  S.  P.).— CHBr..  A  heavy  liquid.  rewmM]?^ 
chloroform,  Sparingly  snl.  in  water,  readily  in  ale.  or  elhcr.  Sji  y' 
2.808.  Boiling-point,  148**  C.  Dose:  005  to  0.4  c,  c  (i  to  5  ifl.l  **• 
c.c.  =  3  Tit-,  U-S.  P.)  in  mixtures  of  alcohol  and  glycerin,  or  dropp*" 
on  sugar,  not  as  emulsion.  , 

/Ethylis  Chlorldum  (U.  S.  V,).— Ethyl  CA/onrf  — C,H.a.    Preprcd 


I 


*  See  pnrlry  lens,  Excrctic  10. 

•  Not  official. 
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the  action  of  HCl  on  absolute  alcohol.  Colorless,  extremely  vola- 
tile liquid,  of  sharp,  sweet  taste,  and  peculiar  odor.  InAammablc. 
Sp.  Gr.  0.Q18  at  8"  C.  Boiling-point,  IJ.5  to  13"  C.  Sparingly  sol  in 
water,  readily  in  ale.  or  ether  TDi.ipcnscd  in  special  glass  or  metal 
tubes.     Used  for  freezing  and  for  general  anesthesia. 

*  Ethyl  Bromid.  CjHsBr.  General  properties  resemble  the  preced- 
ing. Boiling-point,  38  to  40*  C. ;  Sp.  Gr.  1.45  to  1.47.  Should  be  pro- 
tected from  light  and  heat.     Used   for  short  general  ant-sthesia. 

•  Chior-mcthyl-rnenthyl  ether,  used  by  inhalation,  has  been  rccom* 
mended  against  coryza. 

>Ether  (U.  S.  P.).'— 5"«//>/iMriV  Ether.  Ethyl  0.rtrf,— Contains  96% 
by  weight  of  fCiHOsO;  made  by  acting  on  alcohol  with  strong  sul- 
phuric acid,  distilling,  and  nurifving  the  product.  End-rcaclion  = 
aCH.OH  +  H.SO.=  <CH.),0  +  H..O  +  H.SO..  Sp.  Gr.  0.716  to 
0.717:  boils  at  355"  C.  Inflammable.  Soluble  in  10  vol  of  water,  all 
proponions  of  ale.,  etc.     Dose:  i  c.  c  =  15  Til.,  U.  S.  P. 

Tliis  is  the  .^.ther  Purificatus  (B.  P.).     Mlher  (B.  P.)  is  a  less  pure 
and  more  watery  Ether. 
Preparations: 

SpiritHs  JEiheris  OA  Ether,  Y^  Alcohol.  U.  S.  R)  [7.™  Ether.  '/.«  Al- 
cohol, h/P.Y—Dose:  l  to  4  c.  c.  {%  to  l  drachm)  (4  c.c.  =  l  3, 
U.S.  P.). 

Spiritus  Mthcris  Cotupositus  (U.  S.  P..  B.  P. >.—"  Hoffmann's  Ano- 
dyne"—  Above  with  2.5%  of  "Ethereal  Oil."     Dose:   same. 

j^ther  Aceticus  (U.S.  P..  B.  P.).— C:H».C,H,0=.  Boiling-point,  72° 
C  Soluble  in  7  parts  water,  freely  in  ale,  etc.  Dose:  i  c.c.=  is  ill, 
U  S.  P. 

Aeetonum  (V.  S.  P.).— CHi.CO.CH,.  Boiling-poim,  56.5'  C.  Sol- 
vent for  fats,  resins,  rubber,  camphor,  gun-cotton,  etc.  Sp.  Gr.  o.7go. 
It  is  faintly  hypnotic,  but  causes  so  much  dyspnea  that  it  is  not  used 
internally  (Albertoni.  1884). 

Benzinum  (U.S.  P.)  and  Betisinum  Purificatum  (U.S.  P.). — 
petroleum  Bensin. —  HydrocarlKjns.  chiefly  of  the  methane  scries 
(CiHij,  C«Hi..  etc.).  Sp.  Gr.  0.638  to  0.660"  C.  Boiling-point,  45  to 
60*  C.     Insol.  in  water,  sol.  in  6  ale.     Highly  inflammalvle. 


(D)  GROUP  OF  HYDROCARBON  HYPNOTICS. 

All  the  members  of  the  Hydrocarbon  Group  tend,  in  small  doses,  to 
produce  sleep.  But  many  have  properties  which  prevent  their  being 
tiscd  for  this  purpose.  Thus,  chloroform  and  ether  are  ton  irritant  to 
the  stomach  and  later  to  oihcr  organs;  and  being  rapidly  absorbed  and 
excreted,  their  actitm  is  not  sufficiently  lasting.  Further,  the  preceding 
stimulation  is  not  desirable, 

A  really  desirable  hypnotic  of  this  series  must  combine  the  follmving 
characters  to  the  highest  degree  attainable: 

Its  action  must  be  quick  and  lasting.  Vcrj*  volatile  substances  arc 
iherefore  excluded.  It  must  produce  the  maximum  hypnotic  action, 
willt  the  least  depression  of  the  medullary  centers.  It  must  not  iwsscss 
an  odor  or  taste  which  would  preclude  its  employmeni;  and  it  must 
not  irritite  the  stomach  Preparalions  which  arc  insoluble  in  water, 
btn  which  arc  nevertheless  abst^Tbcd,  are  vnlu.iMe  becuusc  they  arc 
nearly  tasteless,  and  l>ecausc  their  action  is  apt  lo  be  more  lasting. 
.\  soluble  compound  which  conld  Ik-  used  hypodcrmically  would  be 
vcr>*  useful,  but  has  not  yet  been  invented. 

Siady   Materia   Mcdicm  I.csson   31. 
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A   cliemico-physiological  classiftcation  of  rhe  hydrocarbon  narcotia 
is  ihe  most  satisfactory.     They  may  be  classed  as: 
I.  Chlorin  siihstitution  products. 
II.  Ethyl   derivatives. 
III.  Aldehydes  and  Ketones. 
None  of  the  products   so  far  invented   satisfy  all   the  demands  for- 
mulated  above.     The  chlorin    compounds   arc   the   most   powerful,  bol 
also  the  most  toxic.    The  ethyl  derivatives  are  safe,  but  comparativeljr 
weak.     The   aldehydes  and   ketones   arc  inferior   in   cver>'   respect.    A 
choice   must   therefore    be   made   according   to  conditions:     The  ethyl 
derivatives,   especially    Trional,   are   most   generally    useful.     But   if  i 
very  strong  hypnotic  is  necessary,  chloral  or  chloralose  must  be  em- 
ployed. 

I.  CHLORIN  DERIVATIVES. 

These  owe  their  activity  to  the  entrance  of  chlorin  atoms  into  tf>« 
molecule.  The  oldest,  and  still  the  most  widely  used,  of  these  com- 
pounds is  chloral  hydralc.  In  the  endeavor  to  obviate  the  imdc^irablc 
features  of  chloral,  various  modifications  h.ive  been  suggested.  It  *as 
found,  however,  that  these  acted  only  by  virtue  of  the  regcncraiioo 
of  chloral  within  the  body.  The  comparative  insolubility  of  some  of 
these  compounds  avoids  the  bad  la.ste  and  the  gastric  irritation.  h'A 
at  the  same  time  it  reduces  their  hypnotic  i>ower.  They  therefore 
lose  entirely  the  one  desirable  feature  of  chloral  —  its  great  activity; 
and  arc  in  every  other  respect  inferior  to  the  less  dangerous  elM 
derivatives. 

Chloral   Hydrate. —  This  is  chemically  trichloraldehvd : 

CH.rOH  CCla.COH  CClXdH-HX) 

=  Ethyl  Aldehyd  =  Chloral.  =  Chloral  Hydralc. 

This  substance  was  dii^covered  by  Liebig  in  1831   and  introduced  ** 
a  hypnotic  by  Licbrcich  in  iftS8.     He  assumed  that  it  was  decom(H)fe<i 
in  the  organism,  as  it  is  bv  the  action  of  alkalies  in  the  test-tube' 
CC1,.C0H'+  K0H  =  CHCU  -f  KCOjH 
Chloral.  Chloroform.  Pol.  Formate- 

This  is  not  the  case,  the  chloral  being  excreted  for  the  most  pari 
trichlorcthyl-gh'curonic   acid.     This    latter    reduces   Fchlings   snlnt 
which  gave   rise  to  the  erroneous  assertion   that  chloral  cau^cf  ^])^ 
suria.     A  small  portion  of  the  chloral  is  excreted  unchanged,  vrhi!«t 
fraction  is  decomposed,  being  excreted  as  chlorids. 


A 


Action. —  This  occurs  along  the  same  lines  as  with  ll> 
whcfle  hydrocarljon  series:  depression,  first  of  the  brair* 
then  of  the  spinal  cord,  and  lastly  of  the  medulla;  ant"* 
finally,  a  direct  action  upon  the  heart  muscle.  The  actir* 
is  developed  much  more  slowly,  however,  than  with  \^ 
fluid  members  of  the  series.  With  small  doses  it  is  qt«t 
possible  to  confine  it  purely  to  the  brain,  resulting:  in  a  '^^^ 
ened  receptivity,  and  a  lowering'  of  the  mental  activity,  atic* 
in  this  way  producing  sleep — for  the  most  ]Kirt  indirectly 
by  the  cutting  off  of  afferent  impulses.  This  resemW^ 
the  natural  sleep  in  every  partiadar  —  as  in  the  latter,  the 
respiration  and  pulse  are  slowed,  but  not  more  than  with 
normal  sleep. 


ll  chloroform:  a  lessened  rate  and  amplitude,  sometimes 
tetlcd  by  a  short  increase  due  to  direct  irritation.  As 
he  case  of  chloroform,  it  is  impossible  to  state  to  what 
tnt  the  vasomotor  and  the  cardiac  paralysis  respectively 
Iconcemed  in  the  fall  of  blood  pressure.  A  dilatation 
|ht'  cutaneous  vessels  is  quite  a  marked  feature  and  may 
I  to  the  ap()carance  of  skin  eruptions.  Larger  doses 
kys  cause  a  marked  fall  of  temperature  on  account  of 
I  cutanetnis  vasodilatation  coupled  with  the  diminished 
Auction  of  heat  fnmi  lessened  movement  ( an<l  ])erhap.s 
Itiied  irritability  of  the  heat-regulating  centers?).  In 
i  doses  death  is  ordinarily  cansed  by  |)aralysis  of  the 
liralory  center,  although  it  may  take  place  by  paralysis 
&  weakenerl  heart,  just  as  in  the  case  of  chloroform, 
this  account,  and  because  it  is  apt  to  induce  the  same 
eneration  of  organs,  it  is  contraindicated  in  the  same 
ditions  as  chloroform  —  degeneration  of  heart  or  ves- 
,  nephritis,  etc.;  also  in  lo\vere<l  activity  of  the  respira- 
r  center, 

'he  action  of  chloral  upon  metabolism  consists  in  an  in- 
iscd  destruction  of  proteids.  the  waste  products  being 
■fteil  in  a  less  completely  oxidized  condition  than  is  the 
)  normally. 

Tie  local  action  of  chloral  is  so  pronounced  as  to  allow 
Is  use  as  a  rul)efacient.  Its  action  on  the  stomach  is 
tequently  very  prominent,  and  it  must  be  largely  diluted 
VM^Xes  bcfur^  administration ;  else  it  may  produce  voui- 
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ChhraJum  Hydratum  (U.S.  P.)  [Chloral  Hydras.  B.Pl  (OiMra/V— 
COjCOH  +  H;0  Prepared  by  acting  on  alcohol  with  chlurin  ami 
purifying  the  product.  Colorless  crystals,  freely  soluble  in  water,  »Ico- 
ho!,  and  ether.  Dose:  03  to  1.5  dm.  {maximal  dose,  3  Gm.)  (5  to  2$ 
grains).     Largely   diluted,     (i    Gm.^^is   grs.,   U.  S.  P. ) 

Syrupus  Chloral  (B.  P.). —  One  drachm  =  10  grains  of  chloral.  Dou: 
Yj  Xq  2  drachms. 

*ChU*ralum  Catuphoratum.  N.  F. —  A  liquid  composed  of  equal  parts 
of  camphor  and  chlural.     For  external  use. 

*  M'xstura  Chhrali  »•/  Potasjii  Bromidi.  N.  F. —  Each  leaspoonful  con- 
tains I  Gm.  (15  grs. I  each  chloral  and  Pol  Brnmid,  and  8  mg.  (Ji 
grain)  each  of  Ext.  Cannabis  Indica  and  Ext.  Hyoscyamus. 

'  Mcta-Cftturat. —  A  polj-mer;  insoluble,  odnrles?.  and  almost  taste- 
less; hypnotic  power  weak,  short,  and  uncertain.  Dose:  1.5  to  2  Gms. 
(30  to  30  grains  >. 

Bulyi  Chloral  Hydrate  ( B.  P. )  (Croton  Chlora!  HydraU).—  So\tMt 
in  50  parts  of  water,  freely  in  alcohol  or  glycerin.  Hypnotic  action 
powerful,  but  short;  great  gastric  irritation;  claimed  to  be  potent  in 
trigeminal  neuralgia.     Dose:  0.3  to  i  Gm.   (5  to  15  grains>. 

*  Chloraiittiid. —  CC}» — CH  =  NH;  a  very  stable  compound,  msolu- 
ble  in  water;  has  not  been  tried  sufficiently.  Dose:  i  to  3  Gm.  (15  to 
45  grains). 

Chioralformamidum  (U.  S.  P.).—  (CAMrofomirf.)— Ca..CH(OH)- 
NH.COH.  Colorless,  lustrous  crystals,  sol.  in  18.5  parts  of  water,  1.3 
ale.  Aqueous  or  acid  solutions  quite  stable  at  ordinary  temperature, 
partly  decomposed  at  60*  C,  or  by  alkalies  into  chloral  hydrate  and 
nmmonitim  formate.  Feebly  bitter  taste.  Hypnotic  action  weaker  than 
chloral,  but  the  cardiac,  medullary,  and  local  action  is  also  much 
weaker.  Even  a  10%  solution  is  said  to  be  not  irritant  to  the  eyt.  The 
lesser  depressant  effect  on  circulation  and  respiration  is  due  to  the 
stimulant  action  of  the  liberated  formaniid  (CHONHj)  (Fricdlander. 
1893). 

This  compoimd  cannot  replace  chloral  as  an  analgesic,  or  in  de- 
lirium: bttt  it  is  an  efficient  hypnotic,  and  has  also  been  recommended 
in  seasickness  (combined  with  bromids).  Dose:  0.6  to  4  Gms.  i,  10  to 
60  grains),  usually  2  Gms.  (i  Gm.^15  grs.,  U.S.  P.);  in  brandy  or 
elixir. 

*  Aceione-CMoroform  (Chloretone,  Irichlormethyl  propanol). — 
CC1jC(CHi),0H.  Colorless  crystals  of  camphoraceons  odor;  sparingly 
soluble  in  water  (125  parts),  readily  in  akohol.  Best  given  in  capsule* 
or  tablets.     Dose:  to   i   Gm.    (15  grains). 

In  the  doses  in  which   it  is  used   it  has  no  action  on  circulation  nr 
respiration,  and  is  not  dangcrou:^  in  even  much  larger  doses.     But  iis^ 
effect  is  also  nnt  so  very  strong.     Really  narcotic  doses  arc  even  roore-^ 
dangerous  than  chloral. 

Death  results  from  respiratory  paralysis,  with  simultaneous  central  ^ 
vasomotor  paralysis  and  cardiac  depression  —  the  latter,  however,  noC^ 
as  pronounced  as  in  the  case  of  chloral.  There  is  also  an  eflFect  npofi^ 
metaliolisni,  which  finds  expression  in  a  great  lowering  of  temperature^ 
and  diminution  of  oxygen  consumption,  and  the  animal  often  show^ 
marasmus  when  the  acute  effects  have  pas^ied  off   (Impens,  igoO. 

Chloretone  is  a  valuable  anesthetic  for  laboratory  anitnals.  as  it  al — 
lows  of  long  operations  without  requiring  any  attention.     The  dogs  arc 
priven  the  usual  dose  of  morphin   (see  dose  tahle^).     As  *oon  as  vomit— 
mg  has  occurred,  02  Gm.   of  chloretone   per   Kilogram  of  animal,  i^ 
administered  by  stomach  tube.    The  chloretone  is  previously  dissolvec/ 

*  Not   official. 
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in  the  smallest  possible  amount  of  alcohol.  The  anesthesia  is  com- 
pete m  15  10  JO  niinuttrs.  and  lasls  several  hours.  The  bloud  pressure 
^Is  rapidly  m  rabbits,  sk.wl.v  in  dogs.     Chlorclonc  is  inadvisable  when 

it  IS  wished  10  have  the  animal  recover. 

*  CA/tfro/wr— Freely  soluble  in  hot  water.  Dose:  aj  to  0.5  Cm. 
(S  to  8  grains).  Best  in  capsules.  A  condensation  product  of  chloral 
and  glucose.  The  opinions  as  to  its  value  vary.  Some  observers 
consider  it  as  sirongly  hypnotic  as  chloral  and  devoid  of  the  medullary 
depression.  Others  have  seen  very  toxic  effects,  due  to  the  presence 
of  parachloralose   (Hcnriot  and  Richet). 

• /?orm/o/.— A  condensation  product  of  chloral  and  amylen  hydrate. 
The  hypnotic  action  is  about  equivalent  to  chloral,  with  less  local  irri- 
tation. Colorless  fluid,  camphoraceous  odor,  not  unpleasant,  pungent 
t&ste.  Miscibic  with  alcohol:  slowly  soluble  in  water.  Dose:  is  c.  c. 
oi  the  10%  solution  (=1.5  Gni  )  in  syrup. 

*  Caifein  cUhral  and  •  Chloral  urcthanc  have  no  advantage  over 
i^ixtiires  of  the  active  constituents. 

*  Hyfnaf  is  a  compound  of  chloral  and  antipyrin,  and  combines  the 
acuons  of  bt)th. 

'Samnai  is  not  a  chemic  compound,  but  a  mixture  of  chloral,  alco- 
hol, and  urethane. 

in.  ETHYL  DERIVATIVES. 

The  radicle  CiHj  has  strong  hx^nolic  properties  when  it  is  combined 
in  "Hch  a  way  that  it  can  exert  its  action.  This  effect  is  indicated  in 
ct/jvl  alcohol,  but  this  as  well  as  many  other  ethyl  compounds  arc 
o>c»<liiced  too  rapidly  to  be  available  as  hypnotics.  The  ethyl  must  be 
prorccted  from  oxidation;  this  is  accomplished  in  the  urcthane  and 
yulfonal  molecules.  The  hypnotic,  and  especially  the  analgesic,  effects 
of  the  ethyl  compound  is  always  weaker  than  those  of  chloral ;  but 
oti  the  other  hand,  ordinary  doses  lack  any  appreciable  action  on  circu- 
Utiofi  and  respiration.  Toxic  doses  cause  collapse,  rapid  cooling,  and 
dania^c  to  cardiac  muscle. 

^^rhylis  Carhamas  ( U.  S.  P.).— (f 'r*V/ifl«e.)  —  CO(OCaHs)NH:.    An 

^t^er    of   carlamic  acid,  obtained  by   the   reaction   of  alcohol   on   urea. 

ColoTles*.  odorless  crystals,  of  saline   taste.     Sol.   in    I    water,  0.6  ale. 

Oo-sc:   to  4  Gms.   U  5»    (1  Gm.=  15  grs.,  U.  S.  P.  K     It  is  a  vcr>'  good 

wi  harmless  hypnotic,  hut  not  very  strong,  and  patients  soon  become 

iPin\unr  to  it.     It  h:is  qnilc  a  decided  diuretic  action.     It  lowers  the  ex- 

ct^taoo  of  nitrogen   and   sulphur,  even   in   doses   as   small   as   '/»   Gm., 

«t>il^t   the   phosphorus   is    increased.     Large   doses   cause   in   rabbits  a 

it**^^so1ar   degeneration    of    the    hepatic    epithelium.     It   is    excreted    as 

tt^^*    (Schmiedeborg). 

Hr4oHai    (melhyl-propyl-carbinol-nrethane)    is   more   hypnotic,   but 

a^^^'   rnnrr  loxic,   and   diuretic,   than   urcthane.     White  powocr,   almost 

I   water,  soluble  in  alcohol.    Dose:   to  2  Gms.,  best  in  pow- 

iltsule-i   ( ficichelhcim,  igoo). 

"^tronai   (diethyl-inalonyl-urca)   has  been  highly   recommended.     It 

'*  »  white  crystalline  powder,  of  faintly  hitter  taste.     Sol.  in  150  water. 

^*"-' O.J  to  I   Gm.   <5  to   ?5  KTS.),  in  capsule  or  in  hot  milk.     Habit 

**•  been  reponrd   (Krep.'  igo5>. 

SaJfonal,  Trional,  and  TetronaL— 

(CM.  ^C(  SO;  CjH.'ii^  Snlfonal   (SuIphonmcUiannm) 
CH.C-H..r<SO-  C-Hv),  =Trional  (Sulphonethylmcthanum) 
fC=H,t:C{SO,CsH,)=  =  Tetronal 

*  Km   uAcial. 
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These  three  resemble  each  other  very  closely  in  their 
action.  Since  Trional  is  the  more  soluble,  more  quickly 
absorbed,  and  more  active,  it  is  now  preferre<l. 

They  are  less  dangerous  than  chloral,  but  do  not  act  as 
strongly  on  pain,  and  if  used  for  the  latter,  must  be  sup- 
plemented by  Morpliiu  (Kast.  1888). 

Their  excretion  seems  to  be  slower  than  their  absorption, 
so  that  there  is  a  tendency  10  a  cumulative  action.  This 
leads  to  gastritis,  renal  disease,  and  ill-understood  changes 
in  the  blood  resulting  in  lienmtoi)orphyrinuria.  The  latter 
has  so  far  been  produced  only  in  man  and  in  rabbits.  These 
phenomena  can  be  avoided  by  intermitting  the  administra- 
tion at  times.  The  factor  urea  -i-  nitrogen  is  lessened. 
The  fate  of  sulfonal  in  the  organism  is  not  known. 

Sulphonal  habit  has  been  reported. 

Quite  a  number  of  fatal  cases  of  acute  sulphonai-poisoninR  are  on 
record.  The  prominent  symptoms  were:  Various  forms  of  paralyMS, 
often  of  wide  extt'iU  —  rarely  spasms;  various  cut.ineous  eruptions: 
gastro-intcstinal  disturbance  and  extreme  con-^tipation ;  cardiac  and 
respiratory  weakness  with  a  peculiar  dyspnea:  'iomnoleiice  or  insom- 
nia, frequently  with  mental  disorder.  Hcmatoporphyrinuria  is  no!  al- 
ways seen  in  acute  cases.  The  autopsy  is  generally  negative  (Taylor 
and   Sailer,   1900). 

Suif>ltonmethanum  (U.  S.  P.)  [Sulfonal  R  P.]. —  Colorless  crj-staK 
odorless  and  tasteless.  Sol.  in  360  water.  47  ale,  15  boiling  water. 
Dose:  to  2  Gm.  (jo  grs,)  (i  Gm.  =  is  grs.,  U.S.  P.)-  Besi  as  pow- 
ders. 

Sulfhonethytmethanum  (U.  S.  P.). —  (Trinnc!.)  — Colorless,  odorless 
crystals,  bitter  taste.  Sol.  in  195  water,  more  readily  in  boiling  watcr^ 
readily  in  ale.    Dqsc:  as  the  preceding. 

•  Tetronai. —  Properties  and  dose  resemble  the  preceding. 

IIL  ALDEHYDES  AND  KETONES. 

These   are    inferior   to   the   other   groups   in   hypnotic   power,   whiU 
their   toxic  and   irritant   properties  are  more   powerful   than    those  oi 
the  ethyl  derivatives. 

Paroldchydum    (U.S.  P..   B.  P.).— (CH,uCHO).:   soluble   in   8   pai 

of  water,  freely  in  ale.     Especially  objectionahlc  for  its  very  disagree — ■ 

able  taste,  and   for  tho  persistent  odor  which   it  gives  to   the  breattu 

Dose:  2  c.c.^^30  rrt,  (U.S.  P.).  in  brandy  (Friedlander,  1893). 

*  Amylene  Hydrate  may  be  mentioned  in  this  place.  It  is  used  ar~  1 
a  hypnotic,  and  is  claimed  to  lessen  the  polydipsia  and  polyuria  o^»^ 
diabetes  insipidus.  Colorless  fluid;  soluble  in  8  parts  of  water.  rcadil9^^_ 
in  alcohol.  Dose:  I  to  2  Gnv  (15  to  30  grains),  in  glycerin.  2CH»-^H 
CtH».C.OH    {Harnack   and    Meyer,    1894).  ™ 

It  Will  be  useful  to  sum  up  at  this  point  the  principa/ 
remedies  user!  for  the  production  of  sleep.  They  have  re- 
ceived the  name 

•  Not    officiat. 

Study   Materia   Medica  Lesson.  33* 


I 


INSOMNIA, 


449 


HYPNOTICS. 

*-^y*'<Jnymj. —  So{*oriRcs,  Somntfacintis:  Narcotics,   if  they   produce 
depression  of  the  psychic  freas  aiide  from  th<*ir  soporific  effect;  Ano- 
"TV^    "^^  ./Mrt/^cjirj.  It  they  arc  especially  active  in  relieving  pain.) 
ipc    indication  for  the  use  of  Hypnotics  is  insomnia,  whether  from 
exciteniciit,  pain,  cough,  ner\ousness,  etc. 

in    the  treatment  of  this  condilion  it   must  be   remembered  that  the 
druRs     of  this  class   act   purely    symptomatically ;    (hat    they    soon   lose 
tlicJr    effect;  that  none  of  them  are  entirely  free  from  objection,  be  it 
ihr<»ugh  The  tendency  to  the  formation  of  drug-habit,  through  an  irri- 
^l"^     ^ff«'Ct.  or  through    the   dangi-r  of  overdosage.     They   should   not. 
therefore,  .be    resorted    to   except    in    case   of   necessity,     The   dose    at 
ine     beginning    should    be    very    small  —  it    must    be    remembered    that 
TO  many  cases   the  action  of  the  hypnotic  it>elf  need  not  be  very  last- 
!II£*    ^^^  sleep  once  induced  tends  of  itself  to  continue.     And  this  small 
"^^R^*?  presents   the   opportunity  of  enlarging  the  dose   when   the  pa- 
tient   becomes  accustomed  to  it.     When  the  hypnotics  need  to  he  con- 
lint«r<l   fj^j.  jj  i^pg  time,  it  is  well  to  change  frequently  to  a  hypnotic 
01  another  type,  to  return  to  the  fir«t  later.     This  obviates  'to  a  great 
5»^«n  I   thp  irritant  effects  and  also  the  difficulty  of  ihe  patient  becom- 
*"■:''•  •^rulomed  to  the  drug. 

*  5^  the   duly  of  the  physician  to  inquire  into  the  underlying  con- 

'  ".'^*  ;  the   removal  of  tnis   frequently  renders  drugs  unnecessary.     If 

'."^I*cnd  iipoti  worry,  caffein.  late  eating,  late  hours,  or  want  of  exer- 

"^-     these  conditions  should  be   removed.     When    it   depends   upon   a 

"Ctfived    idea   of  the   patient  that   he  cannot  go   to   sleep,   incn   a 

'^?*j   powder    of    any    kind    will    often    have    the    desired    effect. 

^    czses  are   due    to  a    faulty  circulation:   anemia   of   the  brain   i» 

'rt  induce  sleepiness,  while  congestion  is  apt  to  result  in  insomnia. 

"    the  tone  of  the  blood-vessels  is  itppaircd,  the  effect  of  gravity 

f'g  down  may  send  an   added   supply  nf  Wood   to  the   brain,  and 

'-dinner   produce   wakefulness?      Drugs    like   digitali<i    would    lie 

itcsl    l)ene(it    in    such    condiiions.     Much    may    be    done    by 

^    'liiod   from  the  brain  by  applying  warmth  to  the  extremities 

""^  *b,lomen. 

'  he  Hypnotics  may  be  classed,  according  to  iheir  ctinfcat   action, 

**    the  fulluwing  type«: 

';    -^Icokol.    including  beer  and  wines:  there  is  a  tendency  to   pre- 
™^**^«  e;tcitemcni,  birt  no  dangerous  depression.    The  hypnotic  action 
><al(. 

"  /       '     Trional,    Paroldehyd:     These    have    a    com- 

■'A   action.     They   arc   only   to  a  slight   eitrnl 

.ilexes  le^s  than  chloral;  btil  are,  on  the  other 

ihcy  must  becon-idcred   intcrmediaie  in   ttrength 

^er  between  alcohol  and  rhbjral, 

^    a  quick  and   lastmg  action.     With   Targe  doses. 

i>'ne    and    lowers    reflexes,    but    ii    danKcr<:rt«*    on 

^J*Uiii  of  depression  of  medulla.    It  is  apt  to  produce  gastric  irriu- 


Kti., 


tiers   from  chloral   in  hetghtenitig  reflex**,  and  it  ha» 

:  '■  medulla. 
'   '"   '    '  —  Lactophenin,    aceipheoetidiru      The 
'  febrile  ca«c« 


zroMp:    Speciiicalir  against  pain;  hdgfalcna 


t— aq 


450 


SERIES   OF    HYDROCARBON    NARCOTICS.      CH.    XIX. 


(b)  Cannabis  Indtca:     Preceding  excitement.     Uncertain. 

(c)  Hyoscin:     Especially  in  psychic  exaltations  and  insanity. 

6.  Mineral.^  JiTom'\ds  (especially  of  potash):  Supposed  to  act  by 
simple  depression  of  the  activity  of  the  brain-cells.  No  depression  of 
medulla.    Weak. 

The  drugs  may  also  be  grouped  according  to  the  form  of  insomnia 
in  which   they  are  especially  indicated,  as  follows: 

(a)   In  pain;     Morphm.     Large  do^cs  of  chloral  or  chloralose. 

{b)  In  nervousness  or  e.xcitemcnl  or  increased  reflex  irritability 
(tetanus,  epilepsy) :     Chloral  Trional. 

((■)   In  delirium  or  worry:     Hyoscin,  chloral,  bromids. 

id)    In  mild  cases:     Alcohol,  Vrethane. 

When  several  of  these  indications  exist,  much  good  may  be  done  by 
the  combination  of  several  hypnotics. 

Contraindications: 

Morphin  atui  chloralose:     Increased  reflex  irritability. 
Chloral:     Depression   of   medullary   centers.    Tendency   to   vascular, 
heart,  kidney,  lung,  or  gastric  disease. 
Sulfonal:     Tendency  to  nephritis. 
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E.  HYDROCARBON  ANTISEPTICS  (FORMALDEHYD 
GROUP.) 

The  hydrocarbons  are  antiseptic  and  irritant  by  coagulatinR  pro- 
toplasm. This  property  appears  in  various  degrees  in  the  different 
mcmher'^  of  the  group;  It  is  rather  weak  in  the  alcohols,  ethers,  and 
esters;  it  is  rather  stronger  in  chloroform  and  iodoform.  (This  last 
acts  mainly  by  ihe  liberation  of  iodin,  and  will  be  considered  in  an- 
other place.)  The  strongest  antiseptic  action  is  possessed  by  the 
aldehyds   caceialdehyd,  paraldehyd,  fomialdchyd,  acrolein). 

The  formaldehyd  is  the  most  important.  It  is  one  of  the 
most  powerful  of  antiseptics,  and  its  usefulness  is  further 
enhanced  by  its  ready  volatilization  and  consecjuent  pene- 
tration. Its  irritant  properties,  on  the  other  hand,  limit  its 
uses.  The  irritation  can  he  greatly  lessened  by  using  the  for- 
maldehyd in  the  form  of  inactive  and  non-irritant  prepara- 
tions from  which  the  active  aklehyd  is  gradually  liberated. 
The  formaldeliyd  has  the  property  of  forming  more  or  less 
stable  condensation  products  with  a  large  list  of  substances. 
such  as  proteids  (c.  ^..  glutol)  :  carbohydrates  (dextro- 
form,  arayloform)  ;  phenols,  urea;  tannin  (tannoform); 
ammonia  (urotrnpin)  ;  and  polymers  (para form).  TTic 
urotropin  can  aho  form  condensation  products  with  pro- 
tcids.  etc.  All  these  compounds  may  be  utilized  for  the 
adniinistratinn  of  fi>rmaldehyd.  For  disinfection  outside  of 
the  body,  the  formaldehyd  itself,  in  the  form  of  its  solu- 
tions or  of  the  gas,  deser\'es  the  preference.  Gliitol  is 
especially  useful  as  antiseptic  powder;  urotropin  as  urinary 
disinfectant;  tanuiipin   for  intestinal  antisepsis. 
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Formaldehyd,    HCHO,    is   a   colorless,    irritant   gas,   discovered   by 

von  Hoffmann  in  1868,  and  prepared  by  the  oxidation  of  methyl  alco- 
hol, Ii  is  freely  soluble  in  water,  and  is  found  on  the  market  in  the 
form  of  a  40%  solution  {Formalin}."  The  sulutions  tend  to  become 
inactive  by  the  formation  of  the  insoluble,  polymeric  paraform.  This 
conversion  is  now  prevented  by  chemic  means. 

Antiseptic  Action. — Formaldehyd  in  solution  inhibits  the  growth 
of  bacteria  when  it  is  present  in  the  proportion  of  1  :  5.000  to  i  :  jo.ooo, 
according  to  the  species.  It  checks  the  growth  in  1  :  30,000;  sirvnger 
solution  (H  to  2\'2%,  according  to  the  species  and  the  time  of  ex- 
posure) kill  all  bacteria  and  spores.  'The  gas  is  similarly  antiseptic, 
especially  when  it  is  moist.  Formaldehyd  surpasses  most  other  disin- 
fectants in  penetrating  power,  and  does  not  injure  metals  or  fabrics. 
It  is  employed,  for  disinfection  of  roonts,  etc..  as  the  gas,  prepared  by 
spraying  the  solution,  by  suspending  sheets  saturated  in  the  solution^ 
or  best  by  the  volatilization  of  paraform  (sec  below)  ;  for  instruments 
and  other  articles,  it  is  used  as  Vi  to  l^^%  solution;  feres  are  deo- 
dorized immediately  by  a  i  %  solution ;  and  rendered  germ  free  in 
10  minutes.  The  propriety  of  its  internal  use  may  be  doiilUed  on  ac- 
count of  its  irritant  qualities,  but  it  has  been  employed  for  the  disin- 
feclioH  of  hands  (i%):  as  a  mouth-uash  and  gargle  ('/2%>:  in  skin 
diseases  and  hypcridrosis  (2.5%) ;  for  painting  the  throat  in  diphtheria 
vr  tonsilitis  (2Vj  to  5%)  ;  and  as  presentative  for  milk  and  other  foods 
and  l»everages  (l  :  20.000  to  1  :  33,000).  The  eraporation  of  a  small 
amount  of  the  solution  in  the  room  has  also  been  recommended  in 
tuberculosis. 

Action  on  Tissues  and  Body-Constituents. —  The  vapors  of  for- 
maldehyd cause  a  very  strong  irritation  of  all  mucous  membranes, 
even  when  they  are  very  dilute.  The  suscepiibilily  to  this  irritation  is 
diminished  by  habituation.  Applied  to  the  miliroken  skin,  it  hardens 
the  epidermis,  renders  it  rough  and  whitish,  and  produces  anesthesia. 
Repeated  application  of  strong  solutions  leads  to  superficial  necrosis 
of  the  skin  and  nails,  and  to  persistent  eczema  (Galewsky,  igos  >.  Its 
application  to  broken  surfaces  is  very  painful.  Isolated  tissues  are 
promptly  hardened.  Formaldehyd  is  therefore  used  in  histologic  technic 
in  the  strengths  of  \4  to  10%.  TTiese  effects  are  prCKluced  by  the 
coagulation  of  proteids.  The  formaldehyd  enters  into  actual  combina- 
tion with  the  serum  or  proteids,  casein,  gelatin,  alhumoses,  etc.  The 
combination  may  occur  very  slowly  and  the  result  is  usually  a  pre- 
cipitate or  coagulum,  which  retains  some  COHj  mechanically.  This, 
35  well  as  the  combined  COH?.  may  he  liberated  in  various  ways,  as 
by  the  action  of  bacteria,  or  by  changing  the  reaction  of  the  solution, 
etc.  The  digestibility  of  fibrin  and  the  coagulability  of  casern  are  di- 
minished. Formaldehyd  also  diminishes  the  activity  of  certain  fer- 
ments,  namely,  papain,  trypsin,  ptyalin.  and  amylopsin;  whilst  pepsin, 
rcnnin,  and  malt  diastase  are  hut  little  altered. 

Formaldehyd  retards  or  presents  the  coagulation  and  spontaneous 
taking  of  shed  blood,  when  added  in  the  proportion  of  t  :  200  to  400. 
l^rie  acid  and  urates  are  dissolved,  or  their  precipitation  is  prevented, 
by  the  formation  of  soluble  compounds,  {'rea,  on  the  other  hand, 
forms  an  insoluble  compound  with  formaldehyd. 

Effects  on  the  Body  at  Large. —  The  inhaiatton  of  formaldehyd 
vapors,  even  for  a  long  time,  profUiccs  liut  small  effects,  beyond  the 
local  actions,  causing  bronchitis  and  pneumonia.  The  intravenous  in- 
jection of   solutions   in  normal   saline  of  a   strength   of   i  :  5,000  also 

"  In  making  ♦oluiions  of  a  given  streniith,  it  is  therefore  neccHarv  to  take 
lV4  time*  «s  much  of  the  commercial  solution  as  would  be  required  of  a'^O'"** 
formaklehyd.      The   pcrcenugcs  given  in   this  book  refer  always  to  absolute  COH,^ 
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causes  nn  immerfiatt'  effects,  even  in  man.  This  measure  has  recently 
been  recommended  in  septicemia;  favorable  results  were  produced,  but 
these  could  be  duplicaltd  by  the  injection  of  the  salt-solutiun  aUme. 
It  may  also  be  doubted  wliclhcr  these  doses,  although  not  immediately 
or  conspicuously  harmfLil.  were  really  without  deleterious  action.  Tlie 
use  of  dilute  sohiUons  by  mouth,  in  the  fonn  of  food-ftn'senvlivf,  is 
also  without  immediate  harmful  results,  but  is  Rcnerally  deemed  to 
produce  cumulative  effects,  by  the  irritant  action,  by  the  interference 
with  ferments.'  and  perhaps  aho  by  the  formic  acid  into  which  the 
aldehyd  is  oxidized.  Even  the  local  application  may  cause  inflamma- 
tory  changes  in  the  liver  and  kidneys  ( Fischer,  1905).  /-(WjfC  doses, 
injected  into  (he  h]ood.  cau.ie  coagulation,  with  the  production  of 
methemoKlobiu  and  henintin.  The  syuiptoms  are  those  of  asphyxii. 
The  aniidoh'  to  the  local  action  of  formaldehyd  is  furnished  by  am- 
monia, well  diluted,  or  by  the  ammonium  salts.  These  also  stop  the 
antiseptic  action. 

f'alr:     Small   doses  are  destroyed  completely  in   the  body. 

Liquor  Formaldehydi  (  U.  S.  P. ).— Formd/iM.  Melhanal.  Not  !e$i 
than  J7%  of  HCOH  (an  oxidation  product  of  methyl  alcohol).  Color- 
less liquid  of  pungent  odor  and  caustic  taste.  Misc.  with  water  or 
alcohol  To  prepare  a  suhition  of  1%  absolute,  add  a  tablespoon  of 
the  liqufir  to  a  liter  or  quart  of  water. 

♦  Paraform  (Trioxymethylen.  Triformol).—  (H.COH)».  —  This 
polymer  iKciirs  as  a  while,  practically  insoluble  powder,  often  com- 
pressed into  tablets.  It  sublimes  slowly  at  too*  C.  and  melts  at  i/i' 
C.  Heated  under  proper  conditions,  it  is  decomposed  into  formal- 
dehyd aii'.i  is  used  for  the  disinfection  of  rooms.  Two  Gms.  of  paraform 
are  required  per  cubic  meter  (15  cubic  feet  of  space).  Formaldehyd 
Is  also  slowly  liberated  a!  bony  temperature:  paraform  is  theretor 
useful  as  an  ititestina!  nntiseptic  (0.05  to  ot  Gm.  every  2  hours,  for 
children ).  It  is  nmre  powerful  than  beta-napblhol,  but  its  irritant 
action  renders  it  objeclinnablc.  Larger  doses  (3  to  4  Gm.)  arc  cathar- 
tic, small  doses  *ire  rather  constipating.  It  will  not  cause  seriotis 
poisoning  even  in  brge  doses. 

*QlutoU — Tbis  is  an   odorless,   non-irritant  powder,   formed   by  the 
combination    of    formaldehyd    with    gelatin.     The    COHi    is    liberate<l 
under   the   action   of   living   tissues.    The   product  is   recoiiuuendcd   ^^HH 
a  dusting- po^i'der   for   open  wounds,  on   which   it   forms  a   firm,   anti-^| 
septic  scab 

Hexamethlenamina    (U.  S.  P.), — (i/ro/ro^iM,Hexanicthylcnletramia"»- 
Formin,    Anitiu>luiin  >  —  (CH-)»N«.     Obtained    by   the   action    of    atr"^^    — 
monia     on     forrnalHfhyd.      Colorless,     odorless     crystals,     of     sweeti^^^B 
taste,   with   bitter   aficr-laslc.     Sol.    in    1.5    water,    ro   ale.     This   coi^    — i 
pound  is  itself  practically  inactive,  but  if  the  urine  is  acid   (not  if  it       "» 
alkaline)    it    is   partly   changed   into   formaldehyd   in    the   course    of  ^  -^KM 
excretion,     This  excretion  begins  in  a  short  lime  and  may  last  scvet — ^^=3 
days.     The  urine  therefor  becomes  Antiseptic,  and  uric  acid  and  urat  ^ 
are  brought  into  solution.    The  drug  is  therefore  used  in  cystitis,  go^^^r 
urate  stone,  etc.,  and  as  a  diuretic.    The  urate-solvent  action  is  inferi  «^::^ 
to  that  of  pipera/iii.     The  urinary  antisepsis,  on  the  other  hand,  is  ixr-*     — 
valuable.     The  use  of  large  or  long-continued  doses  tends  to  nephrica^^^ 
but  this  result  is  unusual.'    The  ordinary  dose  is  d.j  to  i  Cm.  (3  to     /  _^ 

Price  (1004)  has  shown  that  the  pro;*orlion  which  preserve*  mnk.  i:feo«>^-» 
doe*  not  impede  (Itjiestion  in  vitro,  but  the  objeciion*  to  ihe  intemnl  use  of  f«m***~ 
deliyij   arc   not   removed    by    thi»   ol»CTv«tion- 

'  .'>criouii    poiMininK    has    sometinicA    been    otiacrvcd    (aec    Medical    Xrws»    Sr^ 
York,  Auk.  'Qth.   1903). 

•  Nui    official. 

Stud]'    Materia    Medica   X.r»sun   J4. 
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imes  a  day,  in  a  tumbler  of  water,  after  meals  (0.25 
itn.  =4   grs.,    V.  S.  P.)     (Nicolaier,    iSgy). 

Citarin  <  Anhyilramclhylcncitrate  of  Sodium). —  A  while  crystal- 
line powder  of  aRrccablc,  slightly  acidulous  lastc ;  readily  soluble  in 
water,  almnst  insoluble  in  ale.  Liberates  COHj  in  the  blood.  Recom- 
meii<lcd  in  gout  and  uric  acid  diathesis.    Dose:  1  Gm.   (15  grains). 

•  H^'lmitol  (Urolropin-anhydromcthylcncilrale). —  Fine  colorless  crys- 
Uil.i,  slightly  soluble  in  water,  decomposed  by  alkalies,  and  slowly  by 
dilute  acids,  with  liberation  of  COHj.  Used  in  the  same  conditions  as 
urotropin.    Dose:   1  Gm.   (15  grains), 

•  Tannopin    l.Tannon)    is  a  compound   containing  87%   tannin   and 

Ijfv    of    urotropin.     It   is   a   brownish,   tasteless   powder,   insoluble   in 

%k-ater   or  dilute  acids.     In    the    intestine   it   is    slowly  decomposed,   so 

chat   the  antiseptic  action  of  the  urotropin  and  the  astringent  eflfcct  of 

xYtc   tannin  is  developed  in  the  intestine,  with  a  minimum  of  irritation. 
XJ^-^**-  0.5  to  I  (_im.  (8  to  15  grains). 

•  Tonnoform  is  an  analogous  compound  of  tannin  and  formaldehyd, 
wif  ^  similar  properties,  hut  more  irritant.  It  is  used  externally  against 
^jtc^«5sivc  sweating,  m  the  form  of  dusting-powder  twith  i  to  3  parts 
r,f    starch  or  talcum)  or  as  a  10%  ointment  for  eczema. 


CHAPTER  XX. 
GASES. 


C3-<aeral  Remarks  on  the  Action  of  Oases —  The  respiration 

«z>xygen  is  essential  to  life.     A  deficient  supply  of  this 

leads  tf>  the  plienomena  of  asphyxia.     A  mnnber  of 

gas^?fi   fN.H^CH^)    act   merely  hy   excimling  oxygen  me- 

ci^anically.     This  also  fonns  an  im]K)rtatit  clement  in  the 

«vcti«  »n  nf  nitrous  oxid,  as  ordinarily  used.     Carlwm  monoxid 

^ls< »    acts  by  excluding"  oxygen,  but  it  does  so  chemically. 

^)lWe^r  gases  have  specific,  direct  actions,  especially  un  the 

cet>tr^l  nenous  system.     Oxygen  itself,  when  at  a  pressure 

cf  several  atmospheres,  is  toxic.     Carbonic  acid  and  nitrous 

'*xit|    produce  their  peculiar  actions  at  lower  pressures,  but 

*^<    air  must   contain  considerable  proportions.     Sulphur- 

*ttf«^I    and  arseniuretted  hydrogen  are  toxic  in  very  small 

pn^tx-irtions.     The    gaseous     acirls     (sulphurous,     nitrous* 

^_^).  alkalies  (ammonia)  and  halogens  (  bromin  and  chlrt- 

^^"^     act   mainly  as  local   irritants.     Compressed   air  acts 

Wrtbanically. 

1^  effects  of  e^ses  appear  very  promptly  after  Iwjrinninj?  the  in- 
teUti*iii,  anrl  disappear  a*-  rapidly  when  the  animal  is  made  to  respire 
|Wff  air  Thi5  i?  due  to  the  large  surface  and  lar^e  quantity  of  hlnod 
ji(».<*>.I  f,    .»..m  In  (he  lungs.    As  these  factors  arc  relatively  greater 
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in  small  mammals,  these  succumb  and  recover  very  much  more  rapidly 
than  man,  and  may  indeed  be  used  as  a  test  of  the  safety  of  a  ^as* 
pcctcd  air  Whilst  the  recovery  from  the  direct  effects  of  gascj  is 
rapid,   indirect   after-effects  may  be   very  persistent. 

The  Quantitative  effect  of  gases  defends  on  their  farliat  fressnre  in 
the  air.  At  ordinary  barometric  pressure,  this  is  equal  to  the  voliimc- 
perccnlagc  of  the  gas.  But  it  is  important  to  rcmcmi)er  that  the  effect 
of  the  normal  percentage  of  oxygen  at  half  an  atmosphere  pressure  ^ 
the  same  as  that  of  half  the  percentage  at  ordinary  pressure;  and  con- 
versely, that  one  per  cent  of  a  gas  at  three  atmospheres  produces  the 
same  effect  as  three  per  cent  at  one  atmosphere. 

The  symptoms  produced  by  most  toxic  gases  resemble  those  "^ 
asphyxia,  and  this  whether  the  effect  is  truly  asphyxial  (i.  e.,  produced 
by  the  absence  of  oxygen) ;  or  whether  the  gas  has  a  spccilic  toxicity- 
They  arc  closely  related  to  those  of  anesthetics. 

A:  OXYGEN. 

The  Inhalation  of  Pure  Oxygen. —  Oxygen  constitutes 
about  one-iiftli  (^0.94%  ).  by  volume,  of  ordinary  ai*"- 
An  increase  i»f  titis  proportion,  and  even  tiur  inhalation  of 
ittuiilutcd  oxygen,  produces  no  noticeable  effect  under  ortf^' 
nary  conditions.  The  rate  of  oxidation  is  nf»t  at  all  i«^" 
creased;  indeed,  the  output  of  COg  is  rather  lessened.  E^'*' 
dently.  the  proportion  of  oxygen  in  air  suffices  for  all  or«l'' 
nary  needs  (or.  rather,  it  is  greater  than  necessary):  h-T^*^* 
a<lditionaI  oxygen  act?  merely  as  an  indifferent  gas  —  as  ^' 
much  nitrogen  or  hydrogen. 

Tilts  statement  needs  some  qiialificattan.  The  reputed  l>cnefits  frc*i 
the  inhalation  of  oxygen  in  fatly  defeneration  and  some  other  obsC'9*'^* 
diseases  (if  the  reports  are  reiiahle)  would  point  to  some  effect  •" 
metabolism,  perhaps  too  small  to  be  detected  by  the  usnal  methwli9  *^' 
observation.  The  out-door  treatmeiit  of  tnhercutosis  may  come  un*'^*', 
the  same  heading.  Oxyscn  under  excessive  pressures  (altove  >-^1 
atmospheres)  produces  pneumonia:  pressures  above  ^  or  4  aim  cau-*^ 
violent  convulsions  and  ultimately  death.  These  effects  are  not  due  **^ 
pressure  as  such,  for  they  arc  not  produced  by  compressed  air  until  tH^ 
partial   pres?;ure   of  oxygen   reaches   the   above   figures. 

Caisson  Disease  occurs  on  the  removal  of  an  exces'iive  pressure  *** 
air,  I.   I*.,  after  coming  out  of  the  air-lock.     On  breathing  compre*^** 
air,  the  nitrogen  and  oxygen  arc  ahsor!>ed   in  the  serttm   in  proporti<r*'' 
to  their  pressure.    The  oxygen  is  rapidly  tiscd  in  the  tissues,  hut  t|i^ 
nitrogen  retnains  in  solution.     If  the  pressure  is  suddenly  removed.  "'^ 
nitrogen   is  converted  into  gas,  within  Ahc  vessels,  and  produces  «"*' 
holism.     The  bubbles   may  be   readily  demonstrated.    This   may  (tcctf^ 
in   various  situations,  producing  a  great   variety  of  symptoms.    Tbf*^ 
disappear  promptly  if  the   patient    is  again  subjected   to   pressure,  tl*^ 
gas  going  into  sninlion.     This  is  the  proper  method  of  treatment    1' 
the  decomprcssiiin   is  made   slowly,   the  gas   is  liberated   so  gradtal'r 
that  it  can  Iw  eliminated,  and  no  s>*mptom3  are  produced. 

Therapeutic  Uses  of  Oxy^n. —  In  striking  contrast  to  the 
inefficiency  of  oxygeti  inlialations  under  ordinary  conditions. 
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marked  effect  in  asphyxia,  t.  r.,  when  the  supply 
:  oxygen  is  deticienl,  from  any  cause.  The  asphyxia! 
tnptoms.  however  alarming,  are  removed  with  marvelous 
ompiness.  It  is  especially  effective  in  those  forms  of 
iphyxia,  in  which  the  access  of  oxygen  to  the  blood  is 
ndered.  as  by  initiated  air  (anesthesia,  mines,  wells,  etc)  ; 
V  mechanical  interference  ivith  respiration  (suffocation, 
rowning.  croup,  etc.);  by  depressed  respiration  (anesthe- 
a,  collapse)  ;  or  by  a  (liminished  absorbing  surface  of  the 
4ng  [pneumonia).  In  all  these  cases  the  blood  is  dis- 
'ncily  venous,  i.  e.,  the  hemoglobin  is  not  saturated  with 
tygen :  and  the  inhalation  of  the  gas  causes  the  saturation. 
in  anemia  { whether  from  hemorrhage  or  any  other  cause, 
zYi  as  chl«>rosis  or  leucemia)  asphyxial  conditions  result, 
t  from  deficient  supply  of  oxygen,  but  from  a  deticiency 
hemoglobin.  The  inhalation  of  oxygen,  in  these  cases, 
fs  not  increase  the  quantity  of  oxygen  carried  by  the 
noglobin.  but  that  carried  in  solution  by  the  plasma. 
iilst  this  is  not  very  large  in  amount,  it  is  sufficient  to 
s  the  patient  over  critical  periods  after  hemorrhage,  and 
\<zi  as  a  general  stimulant  in  other  anemias. 

r^inary  arterial  blood  contains  about  18.5%  of  oxygen  in  chemic 

^inatinti   wilh  hemoglobin;  and   0.6%  dissolved   in   the  plasma  —  a 

of    19.1%.     Inhalation    of    undiluted    oxygen    increases    the    pcr- 

:*^'-  'II  oxyhemoglobin  only  to   iS.7%  ;  the  dissolved  oxygen  is  in- 

proportion  to  the  partial  pressure;  i.  r,  to  ^%,  giving  a  total 

,  or  an  increase  of  j.6%.     This  is   not   really  as  small  as  it 

:  for  it   fiecms  that   the   oxyhemoglobin  does  not   yield  all   its 

to  the  tissues   (for  instance,  after  death  by  asphyxia  the  blood 

mamti   cunsiderable   oxygen).     Haldane   considers   that   the    in- 

of  26%  really  equals  about  40%  of  the  easily  available  oxygen 

blood. 

le  inlialation  of  oxygen  is  also  useful,  in  an  entirely 
:tus  maimer,  in  aiivirnced  cardiac  disease,   when  the 
'^"^Ution  is  too  slow  to  convey  the  required  oxygen  to 
tissues.     It  acts  also  in  the  same  way  in  coal-gas  poi- 
'^.  where  the  carNm  monoxid  prevents  the  hemoglobin 
combining  with  the  oxygen.     In  this  condition,  as  in 
lia  and  cardiac  disease,  it  is  the  increase  of  dissolved 
•globin  which  produces  the  results:  whilst  in  ordinary 
lyxia.  etc..  it  is  mainly  the  oxyhemoglobin. 
Imi&istration. —  Compressed  oxygen  ts  now  obtainable 
lunnnum  tanks.    This  is  connected  with  a  suitable  mask, 
the  gas  is  administered  according  to  the  symptoms  — 
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30  ttr  40  liters  arc  genernlly  needed.  In  emergency,  the 
tube  from  the  tank  may  be  inserted  directly  into  the  mouth. 
The  oxygen  should  l>e  free  from  chlorin  and  ozone. 

Ozone  (0«). —  The  presence  of  this  gas  in  ihe  air  is  often  claimed 
as  one  of  ihc  attractions  of  heaUh  resorts,  but  it  cxiMs  at  best  in 
extremely  small  amoiitits  (r.  j^..  0.015  to  15.8  milligrams  m  100  bier* 
of  air).    These  cunld  not  have  any   eflfect  of  whatever  kind 

Effects  of  InhaiatioH.—  O/.one  has  not  so  far  been  obtained  pore. 
since  all  the  methods  used  for  its  manufacture  also  develop  niiroat 
acid.  The  gas  produced  in  this  manner  is  quite  a  strong  local  irritant, 
causing  inflammation  of  the  mucous  membranes,  etc.,  and  dcpro*c4 
the  central  ner\'0us  system.  'SinaUcr  ddses  act  rather  as  a  narcotic 
tSignunid,  1905).  and  later  produce  somnolence,  convulsions,  and  finally 
death   by  edema  of  the  lungs    (Du   Mont.   1891). 

Ozone  is  distinctly  antiseptic,  but  is  so  readily  decomposed  ihal  itt 
value  is  limited.  Its  use  for  the  sterilization  of  water  is  said  to  be 
feasible,  scientifically   and   commercially, 

The  Role  of  Oxygen.— Oxygen  is  an  absolutely  essential  condition 
to  the  life  nf  protoplasm.  Organisms  are  indeed  classified  as  aerobic 
and  anaerobic  —  those  which  require  frc^  oxygen,  and  those  which  di> 
not  —  but  even  anaerobic  forms  re<4uire  oxygen  in  some  shapt  The 
oxygen  as  it  exists  in  the  air,  or  ni  most  compounds,  is  not  sufficiently 
active  lo  effect  the  oxidations  of  the  protoplasm:  it  must  be  in  ihe 
form  of  active,  atomic,  "nascent,"  oxygen.  This  liberation  of  activt 
oxygen  is  usually,  if  not  always,  accomplished  by  the  action  of  fff- 
mcHts.  "oxidases,"  which  were  first  discovered  in  plants,  but  hare 
since  been  demonstrated  in  most  animal  cells  and  tissues,  especially  in 
glands.  They  can  be  isolated  by  precipitating  them  from  the  extracts 
with  alcohol.  They  may  he  recognized  bv  ^hc  liberatinn  of  nxygcn 
from  H3O;  and  by  blueing  guaiac.  Their  action  is  inhibited  by  heat, 
cyanids.  and  many  other  poi-^ons.  This  same  fcrmcniativc  action 
exerted  by  linely  divided  tnrtals.  especially  in  the  "  colloid  "  stale,  W 
these  are  inhibited  by  the   same  agencies. 

The  action  of  oxidases  is  at  once  oxidizing  and  reducing:  1.  r.  tt) 
reduce  lUOa,  and  oxidire  guaiac.     In  the  tissues  also  powerful  reducr 
rions  and  oxidations  always  go   hand   in   hand.     By  .ippropriatc  c»ili3 
reactions  it  has  been  shown  that  the  cclUnucieus  is  the  principal  ica 
of  this   reaction.     A.    P.   Mathews    (1905)    favors  the   theory  that  r^ 
respiration   consists   in  hydration,   rather  than   in   oxidation,   .is  in  t^i 
rustuig  of  iron;  according  to  the  formula  Fc  +  aH-O^  Fct OH)i +^'*»'^ 
The   role  of  the  atmospheric  uxygeii  consisting  in   the  removal  ol  lH*fj 
liberated  hydrogen,  which  would  bhxk  the  reaction  in  aerobic,  but  i»«>» 
in  anaerobic  organisms. 

(!)xidaiion  is  faiored  by  on  aikoUne  reaction,  and  retarded  by  af«l* 
This  is  due  to  the  fact  that  a  large  part  of  the  oxygen  supply  i»  '**" 
rived  from  the  free  OH  ions,  which  exist  in  water  by  dissociait^^ 
which  are  increased  by  the  addition  of  the  OH  ions  of  the  alkali  1' 
this  is  added,  but  which  are  more  firmly  bouiul  if  acid  is  added. 

The  increase  of  available  o.xygen,  up  to  certain  limits,  act*  »«  * 
stimulus  to  all  the  functions  of  Ihe  protoplasm.  In  the  case  of  fre*" 
swimming  forms,  this  gives  rise  to  the  phenomena  of  chemoU^t^* 
H  the  organism  is  so  placed  that  the  concentration  of  onygcn  i?  \vn- 
eqnal  al  two  different  points,  one  will  be  more  strongly  stimiiUtttJ 
than  the  other,  resulting  in  movement  until  symmetrical  stnicttirei  ate 
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e«]  v-^a -attly  stimulated,   i.   e.,   are  exposed   to  equal   concentration   of  tl 
OJcjygen. 

~  M.      his    "  orientation "    is    also    fretiuently   accompanied    Dy    movemcii 

tov^~  .zird  the  greater  concentration  of  oxygen   ipoi^itive  chemotaxis),  ui 

B^v  ^m.  :jf    from    ii    ( negative    chemotaxis ) ,    according    to    the    structure; 

^^•H»<z"h  are  stimulated.     There  may  also  be  a  zone  of  optimum  concen- 

tra^«<^ii,  tn  which  case  the  organism  will  swim  in  a  limited  belt  at  a 

deiSs-ftiic   distance    from    ihc    oxygen.     I'lant-cells    exhibit    similar    phe- 

^  <:na,  which  arc  called  chcmotropism  (-tropism  referring  to  inclina- 

-taxis  to  movement).     Many  other  substances  also  produce  chemo- 

•^^^  i^  ■  «^  phenomena,   the    reaction    varying  with   the   special   pruloplasnv* 

Sirr»  «  tit    phcnumcna    arc    produced    by    light    (phololaxis)  ;    electricity 

(ea  I  ^ranotaxis)  ;  contact   (stereotropism)  ;  gravity   (gcniropism )  ;  etc. 

/-  Kx^k  of  oxygen  produces  a  series  of  well-dc^fined  functional,  siruc- 
»**>"*  !•  and  chrmic  changes  in  cells.  The  functional  changes  consist, 
J'*  tl^«:  case  of  nerve,  in  excitation,  followed  by  loss  of  excitability;  in 
«pws.«rle.  there  is  first  a  loss  of  rhythmic  activity,  then  of  irritability. 
'l"<^  structural  changes  consist  in  slight  coagulation  followed  by 
soft^-t-jjng,  with  tncrcafe  of  osmotic  pressure  and  conseiiucnt  swelling, 
•^*o»-ption  of  water,  vacuolization,  and  finally  liquifaclion.  The 
rAv-rrjvc'  ihangcs  consist  in  the  production  of  acid    (generally  sarcolac- 

IP>»     I«i3»  ul  synthetic  power,  but  persistence  of  katalytic  processes  i,  e„ 
I  breaking  down  of  the  protoplasm,  witti  production  of  COt. 
^1 
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-^sfhyxia  results  from  a  deficiency  of  oxygcti  or  an 
fx-crxj  of  carbon  dwx'ui  in  the  blood.  The  phenomena  in 
V'th    ci&es  are  almost,  though  not  quite,  identical.     When 

^^P^iyxia  results  from  breathing  in  a  confined  space,  both 

causative  factors  are  intermingled. 

,  *^^  iymptoms  of  asphyxia  vary  somewhat  accnrding  to  the  rapid- 
2^^»lh  which  it  is  produced.  When  It  occurs  rapidly,  three  typical 
Y****  may  Ijc  distinguished:  During  the  first  sta^c,  the  respiration 
jj^'^fularly  the  inspirations)  are  increased.  In  the  second  stage, 
w  •,.--.-  ,^^  j^j.^  irregular  and  convulsive,  the  inspirations  being 
'.  cak.  the  expirations  powerful  and  prolonj?t?d.  Conscious- 
1  he   skin,   and    partictilarly    the    face,   hecftmc   cyanotic. 


tif- 
Tb. 


The 


third   stage    is    characterized    by    collapse    and    convulsions. 
'ttM^i,,rv    :ind    vasomotor    centers    are    depressed     The    respiratory 
p"  '  re    shallow   and    infrequent.    The   convulsive,   vagus   and 

"'  r  centers  are  stimulated.     The  extremities  and  the  muscles 

'lit  face    and    neck    twitch   convulsively,    there   are    ga«vping    movc- 
t%;  tbe  UuU'  f^i  the  animal   is  rigid  and  arched  backward.     Urine 
1      The    pulse   is    very   slow   and    soft,   at    fir«t 
'y  weaker.    The  pupils  are  widely  dilated  until 
..irt  fiiiinues  to  Kent  weakly  for  several   minutes  after 
PI   has  stopped.     Artificial   respiration  during  this  interval 
""'-"It  in  recover}'.     Death  occurs  within  6  or  8  minutes, 

'.v4  a  very  venous  color  of  the  blood.    The  veins  of 
pan   of    the  body,  and   the   right   heart,   are   greatly   distended 


iTh 


•  lifflpV  ihfory  doet  ncn  wem  to  confirm  wiih  some  of  !hr   faci«,  p«r- 
m    infasofta    (Jenoings,    1905). 
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The  effects  on  the  circulation  are  shown  in  Fig.  47,  page  151.    Glyco- 
buria  is  a  common  sequence. 

If  the  asphyxia  is  produced  slowly,  the  first  symptoms  are  cyanosii 
and  fiysprica  on  txcrtion.  The  individual  becomes  stupefied,  bm  s*i 
gradually  that  he  may  not  be  aware  of  his  condition.  The  stupor  pa*5c« 
into  unconsciousness  and  this  into  collapse.  The  motor  sympUim* 
may  be  eiuircly  absent. 

Asphyxia  Through  Lack  of  Oxygen.— This  may  result  from  a 
deficiency  of  oxygen  in  the  air  —  by  breathing  rarefied  air,  or  aif 
diluted  with  indifferent  gases  ( N,  H.  CH.):  by  the  presence  of  CO;, 
by  anemia:  etc.  Ordinary  air  contams  about  21%  of  oxygen  II  may 
be  diluted  until  it  contains  only  alwiit  15%  of  oxygen  (or  mar  be 
rarified  to  the  rame  degree),  without  producing  any  immediate  effect' 
At  alfout  10%  slight  symptoms  are  noticeable,  especially  on  exertion, 
but  thev  are  not  alanning  — dizziness,  shortness  of  breath,  deeper  and 
more  frequent  respiration,  quickened  pulse,  slight  cyanosis.  Wilh 
7%.  these  symptoms  become  serious,  and  stupor  sets  in.  With  a  slightly 
lesser  percenlage.  unconsciousness  occurs.  With  2  to  3%.  death  occur* 
within  45  seconds. 

Exposure  to  slightly  rarefied  air,  as  on  mountains,  cause*  "  mountaia 
sickness  '*  —  nausea,  headache,  insonuiia.  etc.  This  generally  diwip- 
pears  after  a  few  days.  A  curious  phenomenon  is  a  prompt  and  per- 
sistent increase  in  the  corpuscle  and  hemoglobin  content  of  the  blood 
(by  25  to  40%).  This  is  due  to  a  diminution  of  the  plasma,  the  tftal 
quantity  of  hemoglobin  being  unaltered.  The  phenomena  i*  not  yet 
satisfactorily  explained.  Recent  investigations  indicate  that  the  symp- 
toms are  due  to  deficient  pressure  of  carlxm  dioxid  in  the  blood. 

Carbonic   Oxid    (Carbon    Monoxid.   CO).— Occurrence. —  Thi«  gai 
has   a   toxicologic    importance,    for  accidental   or    suicidal    poisoning 
its  means  are  common.     It  constitutes  4  to  to%  of  ordinary  rW/fdJ. 
and  30  to  40%  of  water-gas  (which  is  consequently  more  daniierMtsl 
It  is  formed  during  incompictf  combustion  and  is  therefor  present  11 
the  vapor  of  burning  charcoal,  after  mine  explosions,  etc      It  is  the  prin- 
cipal  toxic   ingredient   of  tl»ese   gases.     Coal-gas.  however,   is  said 
Vahlen    C1903)   to  possess  more  than  double  the  toxicity  which  wmiU 
correspond  to  its  CO.     This  is  due  to  coal-tar  products   (which  ma* 
be  removed  by  passing  the  gas  through  oil).    The  di^'agreeahle  oji 
of  gas   is   not   due   to  the  carbonic   oxid    (which   is  practically  odoi 
less),  but  to  sulphur  compounds.     The«e  are  not  toxic,  but  serve  a* 
useful  warning  of  the  escape  of  gas.    Tins  odor  can  be  detected  in  li 
contiining  001   to  0.02%  of  gas;   1.  <•..   much  below  the  danger  Umi 
They   are    removed   by   filtration   through   soil;    so   that   undergroiii* 
breaks  in  gas-mains  arc  especially  dangerous. 

Manner  of  Action.— Carbon  monoxid  combine*  with  hcmnglota' 
to  form  carbunic-oxid  hemoglobin.  The  compound  is  very  fin"  *"^ 
is  distinguished  speclroscopically  fmm  hemoglobin  by  the  fact 
it  is  not  reduced  bv  ammonium  sulphid.  (See  Kig.  79.  page  378*  *' 
has  a  cherry  red  color,  which  is  quite  different  from  that  of  oxyhetm^ 
globin,  especially  when  it  is  diluted.  This  forms  the  most  delicate  it^ 
for  its  presence*  ^. 

The  affinity  of  hemoglobin  for  carbonic  oxid  is  about  three  hnndreo 
times  as  great  as  that  of  oxygen :  even  rrry  small  f*roportions  therefof 
prevent  the  complete  oxy^nation  of  blood,  and  pri-nJuce  asphyrtA  n 
begins  to  be  toxic  when  ns  quantity  in  the  air  reaches  005%:  aioT- 
is   dangerous:  0.4%   is   Rcnerally    fatal.    The   symptoms   do  not  dif" 

*  A  candle   will   be  extinKuishcd  when   the   oxygen   ha»   fallen   lo  »1>oat   ly. 
and  in  (herefore  a  leit  for  the  wfeiy  of  the  air,  as  far  us  o&ygen  it  conceraad. 

*  Exercise   Ji. 
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torn  those  of  other  forms  of  asphyxia,  except  by  the  absence  of  the 
cyanosis;  the  ^Win  lieing  pink  or  j>alc.  and  the  hps  bright  red  (t.  e., 
the  color  of  CO-hemuglobm).  This  is  of  diagnostic  importance.  The 
effect*  arc  insidious,  tlic  person  becoming  unconscious  often  with  no 
premonilorj'  symptom*.  Dlzzine^s  and  hyperpnea  »jccur  when  about 
jo^  of  the  hemoglobin  is  saturated;  unconsciousness  with  50%;  death 
»ftth  fx)  to  85%  of  saturation. 

Carbonic  oxid  acts  only  by  displacing  oxygen  and  has  no  direct  ac- 
/*^»  of  any  kind:  for  if  an  animal  i<  made  to  breath  oxygen  under  two 
»tmos-phcrcs  pressure  (which  renders  it  independent  of  the  hcmoglo- 
"bmj  the  addition  of  carbonic  oxid  in  any  amount  produces  no  symo- 
tom.i. 

Trcstment. —  In  the  presence  of  a  large  excess  of  oxygen,  the  car- 
bonic oxid  hemoglobin   is   again   decomposed,  and   the   CO   eliminated 
(iiof    burned).     The    treatment    therefor    consists    in    artificial    respira- 
tion,  or  still  better,  the  forced  inhalation  of  oxygen.     The  fnJtii*nt  should 
•0/  h^  exposed  to  cold-     Recovery  is  ratlier  more  slow  than  with  most 
Sa«es  ;  but   the   acute   effects  have   generally   disappeared   within   three 
''ottr*^     Very  persistent  after-effects  are.  however,  quite  common.  These 
enn^f^l  of  headache,  nausea,  pneumonia   (often  fatal),  paralysis,  chorea, 
*"rf   /<3M  of  memory.     The  latter  is  especially  common.     The   nervous 
*ntct  ^    hive  been  referred  to  a  serous  leptomeningitis  (Zicler,  1897). 

C»»-fcoii  Dioxid  {Carbonic  Acid.  CO.). —  The  effects  of  this  gas  are 
*''nci«i  I-  indistinguisluble  from  those  of  lack  of  oxygen.  They  are  not 
our  £«::»  the  latter,  for  they  occur  even  when  oxygen  is  present  in  ex- 
P^^  TTicy  are  produced  by  the  direct  action  of  the  dissolved  carbonic 

M  cz>»^  the  tissues,  especially  on  the  central  nervous  system. 
^»      ^*-n  instance  of  its  direct  toxicity,  it  may  be   mentioned  that  the 
ion  of   the   coronarj'   vessels   of   a    mammalian    heart   with   COi 
wse-s        prompt   fihritlation  and   arrest,  whereas   the  heart   continues   to 
t  ^^:^  f  a  considerable  time  if  the  perfusion  is  made  with  oxygen,  or 
■^3^rogcn  (Magnus,  1902). 

^        presence  of  carbonic  acid  in  the  air  is  a  cooperative  factor  in 

^orm5  of  asphyxia ;  its  importance,  however,  is  generally  exag- 

Pnre   air   contains  0.03%    of  CO-:    in   city   streets   it   rarely 

r-  '     004.  or  ai  most  0.15%.    In  badly  ventilated  r^oms  it  may 

Tt"  whdst  3%   is  the  smallest  proportion  which   produces  any 

t>r  mptom,   and   even    10%   does   not   cause  unconsciousness: 

:■  ■   fatal  after   several  hours.     Neither  the  presence  of  COc, 

I  rnce  of  oxygen  explains  the  harmful   effect  of  sojourn   in 

"  latcd   rooms:  nor  does  the  expired  air  contain   any  poisonous 

-  '  rnt.v  It  is  supposed  that  the  acute  discomfort  and  the  suffo- 
ci'^nR  iirn^atton  experienced  in  these  places  is  largely  psychic,  being 
T^lycti!  by  the  heat,  odors,  noise,  etc.     Whether  this  will  also  account 

'  '  "         'rely   detrimental    effect   on    benlth    and    resistance,    the    in- 
('•ncy  to  tulierculosis.  etc.,  which  arc  associated  with  habil- 

-  .    .  .v.*.ut   vcniilation.  is  an  open  question. 
't  may   be    remarked    that   the   continued   or    repealed   exposure   to 

Jpvi  — panicularlv  those  acting  upon  the  blood,  and  indeed  to  any 
p^f^n  which  alters  the  blood,  such  as  .icctanilid  — never  causes  toler- 
itKt  trtit  usnaJlv  increases  the  susceptibility. 


C  NITROUS  OXID  (LAUiGHING  GAS,  N,0)- 

This  gns  lias  iieen  mentioned  under  the  pfcneral  ancs- 
(Jicticii.  which  it  greatly  reseiiiMes  in  its  actions. 
71)C  svfnploms  are  at  first  those  of  cxcitctjunt,  usually  of 
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a  pleasant  variety  (lnnp;hter,   etc.).     Then   follow  loss  of 
sensibility  to  pain,  and  incoordination  of  movements.    This 
is  as  far  as  the  action  goes  when  the  gas  has  been  mixed 
with  20%  of  oxygen.     If  pure  ^as  is  used,  or  the  mixture 
is  used  under  pressure,  these  symptoms  pass  into  those  o£ 
asphyxia;  loss  of  consciousness,  heightened  reflexes  passings 
into  convulsions,  and  later  paralyses  from  the  effect  on  th^ 
spinal   cord.     The  effects   upon   the  medulla   lead,    in  th*=: 
stimulant  stage,  to  a  quickening  of  the  respiration  and  st\m 
ulution  of  the  vasomotor  center,  with  consetpient  high  bkxn 
pressure.     This  latter  is  of  some  importance,  since  it  is  sail 
to  have  given  rise  to  apoplexy  in  persons  predisf>osed  to  this-—] 
Later,  both  the  res])ira1ory  and  vasomotor  centers  arc  parau 
lyzed  as  well  as  the  heart  muscle. 

These  effects  are  plainly  referable,  in  large  part,  to  the  exclusion  r^  "^ 
oxygen:    for   althongh    nitrous   oxid   supporls   ordinary  combn-i"-"     ^  *■ 
cannot  take  the  place  of  oxygen  in  life  processes.    This  asphy 
he  prevented,  and  the  specific  action  of  nitrous  oxid  studied.  I, 
a  mixture  of  four  parts  of  g;as  and  one  part  of  oxygen,  under  a  pre 
sure  of  one  and  one-fourth  atmosphere?.     Complete  ancsthefia  uithou 
asphyxia  may  be  kept  up  in  this  manner  for  several  days.     Evident! 
the   nitrous  oxid   has  a  direct  action  on   the  central  nervous  sv 
first   stimulating   the  psychic   areas,   then   depressing  these    to   ■ 
bility.    The  motor  reflexes  are  also  alwlislicd.     The  mcduMary 
are  not  affected,  and  the  circulation  remains  unchanged,  in  the  ;«>:■(.. ^ 
of  asphyxia.     Nitrotis  oxid  also  has  no  action  on  other  tissues.    It  d 
not  combine  witli  hemoglobin. 

The  mechanism  of  its  central  action  is  probably  the  same  as  wi 
the  hydrocarlM>n  narcotics  —  viz.,  a  physical  change  in  the  lipoids.    C^^ 
account  of  iis  feeble  chemic  affinities,  the  gas  is  practically  free  fro 
side-actions,  and  herein  lies  its  chief  value. 

Anesthesia    by    Undiluted    Gas. —  For    very    short    operatirms    / 
in  dentistry)  the  gas  is  inhaled  through  a  lightly  fitting  mask,  with  \M 
exchision    nf    air,    until    the    face    becomes    cyanotic,    the    l.--'- ''"• 
stertorous,  the  pupils  enlarged,  and  tlie  patient  unconsri<iu^.      I 
curs  in  63  lo  80  seconds.     The  gas  is  then  removed  and  the  r-i -_ 
performed  at  once,  the  anesthesia  lasting  only  22  to  30  seconds     T* 
time  from  beginning   the   inhalation   to  complete  recovery   is  only  i 
to  120  seconds.     There  is  very  little  nausea  and  no  other  afler-efFr*^ 
The    anesthesia    is   due    to    the    combined    action    of   the    gas    and    "^ 
asphy.xia ;  hut  mainly  to  the   latter.     It  cannot   therefor  be  prolonfC^^ 
For  short   operations,   it  is   the   least  dangerous  of  anesthetics:    0"*^ 
17  deaths  have  been-  reported,  making  a  fatality  of  about   t  :  5.'5°***'5 
In  case  of  accident,  artificial  respiration,  or  preferably  oxygen,  shooV 
be  applied. 

Anestliesia   by   Nitrous  Oxid   Diluted  with   Oxygen.— The  «ne»- 
thesia  may  be  prolonged  mdcfinitcly  by   miT^ing  the   nitrous   oxid  wit 
twenty  per  cent  of  oxygen,  and  using  It  under  an  excess  pre 
one-fourth   atmosphere.     Even   lesser   propftrlious  of  oxygen   ^^ 
more   or   less  lasting  anesthesia.     This   principle   ha^   l>ecn    uliU-ctl  'ii 
practice.    A  special  apparatus  is  required,  allowing  the  mixture  ol  !l* 
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two  gases  in  any  proportion.  This  is  connected  with  a  close-fitting 
maslc.     It  is  advisable  lo  warm  the  gas  mixture  before  it  is  inlialed. 

To  hasten  llie  anesthesia,  the  administration  is  begun  with  a  mixture 
containing  i%  of  oxygen.     This  is  gradually  increased  to   10%. 

Tlie  induction  of  anesthesia  is  very  rapid,  perhaps  12  to  15  min- 
utes. The  patients  recover  consciousness  at  once.  Ihe  nausea  is  very 
slight,  and  with  this  method  of  administration  there  is  no  marked 
asphyxia  —  at  most  a  slight  cyanosis.  The  anesthesia  is  most  readily 
induced  in  children  or  old  people,  is  much  mure  difficult  in  hysterics 
and  alcoholics,  sometimes  failing  entirely.  The  gas  has,  however,  some 
disadvantages:  Its  administration  requires  skill  and  constant  watch- 
ing, since  cither  recovery  or  asphyxia  occur  very  rapidly.  The  muscu- 
lar relaxation  is  not  nearly  as  complete  as  with  etlicr. 

This  method  of  anesthesia  has  proved  especially  valuable  as  a  pre- 
iiminary  to  other  anesthesia  (see  page  437).  Us  principal  drawback 
is  the  expense  and  inconvenience  of  the  apparatus  and  the  expense  of 
the  gases. 

(By  great  skill  and  care  in  regulating  the  distance  of  the  mask  from 
the  face,  a  prolonged  anesthesia  may  be  kept  up  with  nitrous  oxid, 
without  oxygen  J. 


D,  OTHER  TOXIC  GASES. 

Nitric  peroxid  (NOi)  ami  Sulphurous  Acid  (SO?)  are  very  toxic 
by  local  irritation,  producing  bronchitis  and  pneumonia.  SOj  pro- 
dwce.*i  extreme  discomfort  in  proporlions  as  small  as  0.001%  (0.1% 
being  fatal)-  NOi,  on  the  other  hand,  produces  but  verj*  slight  acute 
effects,  followed  by  severe  and  often  fatal  bmnchilis.  It  is  therefor 
especially  dangerous.  It  is  produced  in  large  amount  in  the  combus- 
tion   (not  in  the  explosion)    of  nitroglycerin  and  gun-cotton. 

Hydrogen  Sulphid  (HsS)  is  extremely  toxic.  Its  effects  are  partly 
local,  partly  central.  The  former  are  irritant,  due  to  its  acid  charac- 
ter; tiic  latter  resemble  asphyxia.  It  is  formed  in  putrefaclion.  par- 
ticularly of  sewerage:  0.02%  produces  SN-mpioms,  pariicularly  irritation 
of  the  conjunctiva  and  bronchial  mucosa;  0.05%  produces  asphyxial 
symptoms:  hyperpnca,  nausea,  giddiness,  headache,  etc;  0.07%  pro- 
duces death  after  al>out  an  hour:  0.2%  is  fatal  to  doKs  in  i!^i  minutes. 
The  aftcr-cfTccls  resemble  those  of  carbon  monoxid.  Edema  of  the 
lungs  and  pneumonia  are  common  sequels. 

Hydrogen  sulphid  does  not  act  hy  combining  with  hemoglobin, 
under  ordinary  conditions,  hut  acts  directly  on  the  tissues.  It  is 
readily  detected  in  air  by  its  odor  and  by  blackening  lead  or  silver- 
paper.  In  case  of  death,  it  may  be  recognized  by  the  blackening  ot 
a  silver  coin  laid  on  the  skin 

Arsenlurctted  Hydrogen  f.AsHa).— Its  action  is  difTcrent  from 
that  of  arsenic.  It  produces  a  destruction  of  blnod-corpuslcs  (also  in 
vitro)  and  consequently  anemia,  icterus,  and  hemoglobinuria.  For 
the  rest,  it  causes  nephritis  an<l  general  asphyxial  symptoms.  It  is 
imposMhIe  to  say  at  present  whether  thoe  asphyxial  symptoms  are 
due  to  the  direct  action  of  the  drug  on  the  respiratory  center,  or  to 
the  diminution  of  the  blood-corpusclcs. 
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CHAPTER  XXI. 
(A)   CAMPHOR  GROUP. 

I.  MEMBERS. 

Camphor  and  substances  chemically  allied  to  it — t.  i"> 
camphoric  acid,  monobromated  camphor.  Borneo  camphor. 
menthol,  thymol,  musk,  etc. 

Camphor    is   a    sterroptcnc  —  i.    e..   a    solid   body    deposited    frwn     * 

volatile   oil.     Chemically   it   belongs   to   the   terpcncs,   having  for  lyf^* 

turpentine,  CioH,..    This  group  may  be  split  up,  fo  that  there  arc  hen»** 

terpcncs,  C»H*.  scsqui-tcrpencs,  CuH«.  etc. 

The  bodies  belonging  to  this  group  have  the  following  compositioT* 

C»Hi4    =  Turpentine. 

r  u  r\  —  r^ I JCioHi.O*      =  Camphoric  Acid. 

LioH.oU  —  Lamplior  ^  c^ji^^g^o  =  Monobromated  Camphor 

CioHi.O^  Borneo  Camphor. 

Ci«H^O  =  . Menthol.  ^ 

The   camphor   group   is    related    in   composition   and    actions   to  t^^^^ 
volatile  oils,  and  more  remotely  to  carbolic  acid.     The  principal  differ 
ciice    from    the    latter    consists    in    the    ^eater    predominance   ot  th^_  ^ 
stimulatinn  in   the  case  of  camphor.    This,  as  with  picrotoxin,  is  c»* 
erted  mainly  on  the  medulla. 

II.  SUMMARY  OF  ACTIONS. 

1.  Stimulation  of  the  central  nervous  system,  followe-^^ 
by  paralysis  in  large  doses.  The  main  action  in  mammaE  ^ 
is  on  the  vasomotor  center. 

2.  Stimulation  nf  the  cardiac  muscle. 

3.  Locally,  stimulatinn  and  paralysis  of  the  sensory  nerv-^^ 
endings;  also  stimulation  of  the  nerves  conveying  the  sensa. 
tion  of  cold  in  the  case  of  menthol. 

4.  Peripheral  depression  of  the  tonus  of  blood  vessels. 

5.  Mildly  antiseptic,  after  the  manner  of  essential  oils. 

6.  A  airare  action  on  striped  muscle. 

HI.  DETAILS  OF  ACTION. 

1,  Central  Nenrotis  System.^ — Ca)  Brain:    The  stimulant 
symptoms  beg^in  in  man  with  impulsive  movements,  confu- 
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sion.  delirium;  then  follows  uticonscioustuss  with  cpiiepii- 
form  convulsions.  The  latter  have  been  attributed  to  stiiini- 
lation  of  the  medulla,  but  some  experiments  seem  to  show- 
that  they  are,  at  least  partly,  located  in  the  brain.  The 
lower  animals  give  expression  to  this  excitement  by  in- 
creased mfttion. 

(b)  Stimutation  of  the  meduUa  is  shown  in  man  first  by 
vertigo;  later  all  the  medullary  centers  are  stimulated;  the 
respiration  is  increased  in  volume  and  rate.  The  blood 
pressure  rises:  the  face  and  skin  are  Hushed,  due  to  stimula- 
tion of  the  vasodilator  center.  Large  doses  paralyze  the 
medulla  and  cause  death  by  collapse. 

The  (c)  spinal  cord  also  shows  some  stintulation,  and 
finally  paralysis,  but  this  does  not  come  on  until  late,  and  is 
not  important  in  mantnuils. 

(d)  In  frogs,  on  the  other  hand,  the  action  on  the  spinal  cord  is 
very  pronounced,  and  consists  in  a  pa7'alysis.  This  entirely  obscures 
any  action  which  the  dru^^  may  have  higher  up  in  the  nervous  system 
in  these  animals.  It  appears  that  the  path  for  reflex  impulsci^  is 
blocked  before  that  for  itripulses  coming  from  the  higher  brain. 

a.  Action  on  the  Circulation. —  The  action  of  camphor  on  the  cir- 
culation is  quite  complicated,  since  it  acts  to  a  variable  degree  on 
the  vasomotor  center  (increased  excitability)  ;  on  the  arterial  muscle 
(loss  of  tone,  by  peripheral  action)  ;  and  on  the  cardiac  muscle  (stimu- 
lation). TTie  cardiac  stimulation  is  not  seen  with  small  and  medium 
doses  in  mammals.  larger  doses  may  cause  recovery  of  a  fihrillating 
excised  heart,  ajid  prevent  delirium  cordis  from  electric  stimulation 
(Scligmann.  igo.s).  They  may  also  revive  the  heart  when  poisoned 
by  potassium.  Still  larger  doses  prnduce  direct  cardiac  depression. 
Some  investigators  have  observed  a  periodic  stimulation  of  the  twjo- 
nwtor  center,  a  rhythmic  rise  of  the  blottd  pressure ;  but  more  re- 
cently this  has  been  denied  (SeligmannK  The  blood-pressure  usually 
falls,  through  direct  depression  of  the  arterial  muscle. 

The  frog's  heart  is  slowed  and  strengthened.  This  stimulation  is 
»cen  particularly  when  the  heart  has  been  depressed  by  any  poison,  so 
that  u  must  be  mainly  muscular. 

3.  The  local  action  is  simikr  to  that  of  the  essential  oils,  or  of 
very  dilute  carbolic  acid,  producing  some  irritation  and  then  anes- 
thesia. This  determines  its  use  for  local  application  in  liniments. 
Menthol  shows  a  peculiar  stimnlntirin  of  the  nerves  conveying  the 
sense  of  eold.  The  skin  feels  cooled  after  the  application  of  the  sub- 
stance, although  there  is  no  fall  in  the  temperature,  the  vessels  in 
fact  being  dilated.  The  irritability  of  the  endings  for  the  sensation 
of  heat  is  also  increased. 

The  irritant  action  of  small  doses  of  camphor  on  the  digestive  canai 
is  used   against  dyspepsia.     Large  doses  produce  vomiting. 

4.  Applied  directly  to  frog's  skeletal  muscle,  it  produces  a  curare- 
Hke  action.     This  is  not  seen   in  mammals, 

5-  Camphor  has  a  sliaht  antiseptic  action  which  delermines  its 
use  in  mouth-t(*ai/(<:x  and  gargles;  and  it  also  forms  a  quite  efficient 
intestinal  antiseptic,  the  amount  of  combined  sulphates  in  the  urine 
Ig  lessened  by  it. 
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IV.  ABSORPTION  AND  FATE. 

On  accfuint  of  its  volatility  camphor  is  absorbed  quite 
readily,  although  it  is  insoluble.  However,  the  absorption 
presents  very  great  variations,  wliicli  make  tlie  action  ex- 
tremely miccrtain.  and  greatly  interfere  with  its  usefulness 
in  therapeutics.  The  menil)ers  of  tiiis  group  are  converted 
in  the  body  into  hydrox3'ls,  unless  they  already  contain  this 
radicle.      (  Fromm  anrl  Hiklebrandt,  1901.) 

The  actions  of  the 


V.  OTHER  MEMBERS  OF  THE  SERIES. 

are  so  similar  to  those  of  camphor  that  the  preceding 
scription  applies  to  them  also.  They  have  no  advantage 
over  camphor  in  therapeutics.  Musk  is  supposed  to  act  in 
the  same  way»  but  almost  nothing  is  known  about  this  sub- 
stance. Camphoric  acid  has  a  peculiar  action  on  diaphore- 
sis (see  Index). 

VI.  THERAPEUTICS. 

1.  Camphor  has  considerable  reputation  as  a  circulator)- 
and  respiratory  stimulant  in  conditions  of  collapse,  syncope, 
adynamic  fevers,  cardiac  failure,  etc.  For  this  purpose  it 
should  be  administered  hypodermically.  J.4  c.  c,  of  the  cam- 
pliorated  cnl  being  injected  every  tifteen  minutes  for  four 
doses.  The  effect  has  been  explained  partly  by  reflex  stimu- 
lation from  the  pain  of  the  injection,  partly  by  the  direct 
action  of  the  camphor  on  the  ner\e-centers  and  heart ;  ani- 
mal experiments  are,  however,  negative.  The  clinical  suc- 
cess is  also  ioconslanl.  This  has  been  referred  to  the  mw- 
ccrtain  absorption.  Since  these  doses  of  camphor  can  do 
no  harm,  they  are  worthy  of  trial. 

On  the  other  hand,  camphor  has  been  used  as  a  nervous 
depressant  m  epilepsy,  chorea,  and  convulsions,  and  as  an 
avaphrodisioi.  and  sn  on.     This  rests  on  no  rational  basis. 

It  has  also  been  employed  against  hysteria,  but  consider- 
ing the  uncertain  course  of  this  disease,  it  is  impossible  lo 
say  wliether  camphor  is  of  any  benefit. 

2.  The  dilation  of  the  cutaneous  vessels  makes  camphor 
useful  as  a  diaphoretic  anrl  in  colds. 

Like  the  other  terpenes.  Camphor  has  found  some  em- 
ployment in  tuberculosis.  The  least  objectionable  method 
would  seem  to  be  give  it  as  emulsion  per  rectum,  about 
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solssian  in  ^coM: 


?    ~      — A    »trr:' 
a--:  -      r   - .     8  c-  c  =  ;  * 
(V  S  P,  B  PV— A    loS 
The  best   fenn  fior 
t  »  JC.C  ft5  »6o  m)  (I  ec  =  i5  m   VS-P). 

'r.S.P,    B^PX—Cnf>kerHt^   Oti^K 
OiL    Bel  fnnn  for  vxtcnal  tti«^ 
.^■MHWM^v   <&P.).— Caotaim  caMpkor» 

V*«N»  Cmmf^iwm  fV  S  P  V—  lo«lt 

;?«lw»  r#^>i<»w  C<«r— <B  P.>     fParcMric).— See  Index 

^^^-CArwi  cy.FV— Eipal  pan*^    Us«!  exttnuPy 

^^^^•n  b  also  uwiliimd  in  the  {oHowinsr  pharrmeoftinil  pcrptm- 

!iT'.  I  ■!■■_■■  !■■   Bdbdoamae :   Untm    Sinapis  C««Bpu ;   Tmct.  Op«i 

^^2r.*  I^vvw  jCoffpiBBK  Comp. 

.f^*JW»      (Sp— fra)      C«(ii/Aor.— C^H„0.—  Frtitn     Oryohmkmpt 

DToan   imd    Camphor.    tii<;olub1e    in    water.    foUiMr    in    aU 
1^'J''"  fti2  to  a6  Gm.  (a  to  lo  irriins)  (0.125  C»ni  =  a  Rraitx.  IV  S. 

^tycmmpker  fcsmphor  with  H  replaced  hy  OH>  ha«  heen 
'J^^ted  IS  mpimory  sedative  in  couRh,     It  is  n  cry^tunine  pnwil 

1  KOiUtf  odor  and  a  bitter,  pungent  taste.    The  ft<)ueous  sola^ 

kB4y  Msiiria  Uedica  \jtman  ZS- 
I— JO 
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decomposes,  and  it  is  marketed  as  a  50%  alcoholic  solution,  of  whtd> 
the  dose  is    I   c.  c.    {20  dropsy. 

Acidum    CamplwricHui     i  U.  S.  P.)  —  C,H„(COOH)»     Obtained    b^- 
the  oxidation  uf  camphor.   Colorless  crystals.    Sol.  in  125  water,  readil>^" 

in  alcohol  and  fatty  oils.    Dose:  0.6  to  2.  Gm.  (10  to  30  grs. >    (i  Cni 

^^15  grs..  U.S.  P.).  Said  to  be  specific  in  night-sweats  of  phthisis^ 
Two  Gm.  are  given  two  hours  before  the  expected  sweat.  Extemallv:^- 
As  a  mild  antiseptic  gargle,  wash,  and  injection  in  the  manner  of 
Camphor,  over   which    it   has   the  advantage  that   it   can   be   di«so1ve<^ft. 

in  any  proportion  by  adding  10%  of  alcohol  for  each  %  of  ramphnnr 

icid.     It  is  usually  employed  m  strengths  of  from  0.5%  to  6%. 

*  Agaricin.  from  tioletus  Larids  {Dose:  0.005  to  o.oj  Gm.).  is  alsc-r* 
used  in  these  nighl-sweats.  Large  doses  paraly/e  the  heart  anc:^& 
respiration. 

Meulhot       (V.S  P..       B.  P.).— CH.(CH.)(OH)(C,Hr)        t  :  3    ■•— 

Stearoptenc  derived  from  the  volatile  oil  of  various  species  of  Mciilha^ 

Slightly   soluble   in   water,   freely   in  alcohol.    Dose:  o.oj  to  O.w  Gii  ^ 
(Vs   to  .2  grains)    (0,065  Gm.  =  i   gr .  U.  S.  P.). 

limplastrum  Menthol  (B.  P.).— 25%. 


(B)   HYDROCYANIC  ACID  GROUP. 

I.  OCCURRr:NCF„ 

Hydrocyanic  acid  exists  as  amygdalin  in  many  plants,  This  araygi 
lin,  when  pure,  is  almost  entirely  harmless,  except  as  it  is  dcco 
posed  in  the  hody.  But  in  most  plants  it  coexists  with  the  fcrrm 
emulsin,  by  which  it  is  split  up  in  the  presence  of  water  into  hyd 
cyanic  acid,  s'^'^psc,  and  ben/.aldehvd : 

C«H„NO„  +  2H,0  =  2CH„0.  +  HCN  +  CH,  CHO. 

One   gram  of  cherry  kernels  yields   1.7   mg.   hydrocyanic  acid 
gram  bitter  almond  pulp  yields  2.5  mg.  hydrocyanic  acid. 

The  mrist  important  cyanogen   (CN)  compounds  are  the  acid  (pnif 
acid,   official    as   the    dilute,    2%    solution)    and    cyanid    of   potas^iu 
Mercury   cyanid   has   mainly   a  mercury  action.     The  c>'anid  action 
also  shared  hy  the  organic  esters  initrils):  these  differ  from  pota^sTii 
cyanid    only    in    the    rapidity    with    which    the   cyanogen    is   lilu 
Ferri  and   ferro-cyanids    (red  and  yellow  prussiate  of  piMash). 
cyanids,  and   nitroprussids   do    not    show    the   cyanogen   actions,   unit 
decomposed.     The  ferro.   ferri,  anH   sulfo-cyanids  are   fairly  staple,  a- 
consequently    have   little   effect.     Nitroprussids.    however,    liberate   C"  " 
readily  and  agree  unth  cyanids,  except  that  they  are  less  convulsive. 


s» 


11.  SUMMARY  OF  ACTIONS. 

1.  Toxicity  to  all  forms  of  protoplasm  and  tn  fcrmcm 

2.  Stimulation  and  paralysis  of  the  central  ner\ou5  ^y^^ 
tern;  the  effects   beinj^  analogous  to  those  of  asphyx:^*- 
They  are  produced  hy  interference  with  the  oxygen  cc:»**' 
sumption  by  the  tissues. 

3.  Peripheral  \asoflilatation.  at  least  in  the  kidnev. 

4.  With  melhemoglubin,  it  forms  cyanhemoglobin.  S^^' 
ing  a  peculiar  spectrum. 


'  CatnitbLiric  acM   is   only   effectual   in  chcclctng   the  sweats  of   pbthlfifly  *o 
H  roust  act  difTcrcnlly   from  atrc|iia. 
*  Not   official. 
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in.  DETAILS  OF  ACTION. 

Hydrocyanic  acid  interferes  with  the  action  uf  ati  ferments.  It  even 
hinders  the  inorganic  "ferments"  (spongy  plalinnm,  etc.).*  It  is  a 
\u>ft'Ht  protoplasmic  poison,  presumably  through  its  restraint  of  the 
fermmtalions  which  play  a  most  important  rule  in  life  processes.  All 
forms  of  life,  all  tissues  and  organs,  are  affected.  Infusoria  are 
killrd  in  a  concentration  of  0.1%.  The  growth  of  yeast  and  of  higher 
plants*  the  germination  of  seeds,  the  contractility  of  animal  cells,  the 
conductivity  of  nerves,  etc,  are  inhibited.  If  the  action  is  sufficiently 
continued,  all  vitality  is  destroyed;  but  if  the  cyanid  is  promptly  re- 
fnovcd.    complete   recovery   occurs.     Direct    application    of  hydrocyanic 

aci^  cauMTS  locai  anesthesia. 

In    rxcised   kidneys  perfused    with    saline    solution,    the    addition    of 

liydrcK^nid  acid  causes  a  very  marked  dilation  of  the  renal   vessels. 

"J^^  effect  is  apparently  due  to  a  paralysis  of  the  arterial   muscle.     It 

<}(s2ppears  promptly  on  removing  ihc  cyanid   (Sollmann,  1905). 

:Effect  on  Higher  Animala, —  When  given  in  doses  small 
cno>ugh  ti^  permit  uf  ualching"  its  action,  this  is  seen  to  con- 
sist in  a  fleeting  stimulation  of  certain  parts  of  the  central 
ne**^ous  system,  follozi'cd  by  depression  and  paralysis.  The 
act  i  <»n  begins  in  the  medulla.  The  vomiting,  respiratory, 
va^^— ai?.  pupil-dilator,  and  vasomotor  centers  are  all  sliinu- 
lai^s-^.  Then  comes  uncoiu^ciousnrss.  and  after  this  convul- 
510^*^1.  In  man  these  are  prcjbably  mainly  medullar}*  in 
iwi^^in.  Then  follows  paralysis  of  the  whole  central  ner- 
Yova^  system.  Involuntary  evacuations  of  feces,  urine,  and 
f«r»^?n  are  frequent. 

T^'"*  ^  respiration  is  at  first  greatly  increased,  especially  in  depth :  it 
^h«o  Vsccomei  slow,  shallow,  and  irregular  ( Chcync-Stokcs  type  (Fig. 
5^  ^^^jif  185).  It  stops  considerably  before  the  heart,  paralysis  of  the 
respi  r^^tory  ceiitcr  being  the  immediate  cause  of  death  The  effect  on 
the  ci«-c«Uiion  is  entirely  analogous  to  that  of  a«iphyxia  (see  Fig.  47. 
P*Ke  *  51).  As  in  the  latter,  the  heart  may  again  execute  a  few  movements 
*^*"'  it  has  ^topped  for  a  lime  (h  in  the  6gure)  ;  hut  these  do  not 
•"*^^*^     tft  maintain  the  circulation. 

,  -^POl  iwl  directly  to  the  frog's  heart,  ryanids  cause  a  standstill,  which 
tt  not  removed  ny  atropin;  however,  the  heart  responds  strongly  to 
^'''*<^  or  mechanic  stimulation.  The  paralysis  evidently  involves 
''J'  ^**tomatic  property  of  tlic  cardiac  muscle.  There  is  no  evidence 
o«  in»s    action  tn  the  blood-pressure  tracings  from  mammals. 


IV.   EXPLANATION  OF  THE  ACTION 

'         fthenomena   of   the   action   of   hydrocyanic   acid   on    the   centr.il 

^»  s    system  —  the   stimulation   of   the  medullary   centers,  the  con- 

vnisian^   th»    vascular    paralysis,    etc — bear    a    close    resemblance    to 

J^^H^  nilogoiu  «ffect  <m  orffinic  and  inoriranic  ferment*  does  not  necet* 
*"*2,»>»«>>y  any  sfuloiiy  In  the  mrchanisni  of  the  actions.  That  on  mvtaU 
"  f^^My   pTooocnl   by   a    initiutc    film    uf    cyanid. 
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those  of  .isphyxia ;  and  it  can  be  easily  shown  that  oxidation  is 
enormously  diminished.  'iKcre  is,  however,  one  very  marked  difference 
from  ordinary  asphyxia,  for  the  blood  remains  of  a  bright  arterial 
color,'  indeed,  the  oxygen  content  of  the  venous  blood  in  cyanid  poison- 
ing approaclics  that  of  ordinary  arterial  blood.  It  is  evident  that  the 
oxygen  supply  to  the  tissues  is  not  lessened.  The  cause  of  the  asphyxia. 
of  the  lessened  oxidation,  must  lie  in  the  protoplasm  of  the  tissue*. 
Tliis  undcrgoe>i  what  might  be  termed  "  intt'rtial  asphyxia,"  in  sight 
of  abundant  oxygen  (Geppt'rl,  1889). 

It  may  Iw  assumed  that  the  cyanid  interferes  with  ihe  fermenlative 
processes  by  which  the  utilization  of  oxygen  is  accomplished;  just  as 
It  hinders  oxidative  ferments  without  the  body.  Its  effects  on  lower 
organisms  are  also  precisely  the  same  as  those  of  deprivation  of 
oxygen." 

Hydrocyanic  acid  unites  with  hemoglobin,  but  this  combination  is 
of  a  different  nature  from  thai  with  carbonic  oxid,  and  has  no  influ- 
ence upon  the  readiness  with  which  oxygen  is  given  off.  When  added 
to  methemoglobin.  it  causes  the  formation  of  cyan-hemoglobin, 
which  differs  from,  nrdinary  hemoglobin  in  its  bright  red  color  and 
in  a  peculiar  band  (Fig.  79.  page  378).  This  compound  is  rcsi>onsiblc 
for  (he  bright  red  ecchymotic  spots  seen  after  hydrocyanic  poisoning. 
Mclhcuioglobin  can  t>c  used  as  a  test  for  hydrocyanic  acid. 

Fate. —  Hydrocyanic  acid  is  ver>'  unstable;  it  changes  very  readily. 
even  by  mere  exposure  lo  light  and  air;  and  it  undergoes  still  quicker 
decomposition  in  the  body.  Part  of  it  combines  with  sulphur-contain- 
ing molecules  to  form  sniphocyanids.  The  fate  of  the  remainder  is 
unknown. 

Sulphocyanid  is  found  in  the  humcn  parotid  saliva,  whilst  it  is 
absent  in  that  of  al!  other  animals.  The  ncr\*ous  connection  of  the 
gland  must  be  intact,  for  it  is  absent  in  middle-car  disease,  for  in- 
stance. Its  significance  is  not  understood,  but  it  docs  not  result  from 
bacterial  decomposition  as  was  formerly  supposed.  Its  amount  can 
be  increased  by  taking  HCN  — even  thai  existing  in  tobacco  smoke 
causing  an  increase. 

V.  TOXICOLOGY. 

Hydrocyanic  acid  is  not  very  much  used  in  criminal  poi- 
soning (0.5%  of  the  recorded  cases),  because  its  quick 
action  would  soon  lead  to  the  detection  of  the  crime.  On 
the  other  hand,  it  or  the  cyanids  form  very  favorite  methods 
with  suicides.  On  account  of  the  technical  uses  of  potas- 
sium cyanid  fin  photography,  electroplating,  cleaning  of 
rietals,  etc.).  it  can  generally  he  nhtaiTied  with  little  trouble. 
Some  cases  are  also  repnrtetl  (tf  accidental  poisoning  by  the 
gaseous  acid. 

This  pure  hydrocyanic  acid,  which  is  never  seen  outside  of  chcmic 
laboratories,  is  extremely  volatile  and  very  toxic.  The  famotis  chem- 
ist Scheele,  who  discovered  hydrocyanic  acid,  was  killed  by  the  vapor* 
set  free  in  the  breaking  of  a  flask  of  this  fluid. 

The  strength  of  the  ofiicial    (dilute)   acid  should  be  2%:  but  many 

*  Excrcist  7-.    No.   5. 

'  In  certain  fUh-ova*  cvanids  aim  lutpcnd  itir  autoljrtic  proce«M-<  accMnpaBjr. 
ins  death,  fu  that  the  edit  remain  tn  a  condition  between  life  baU  death  for 
■cveral  daya   (Sollmann,    1906). 
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samples  arc  much  weaker,  on  account  of  decomposition.  Potassium 
cyanid  is  still  more  variable.  The  pharmacopoeia  requires  a  strength 
oigo% ;  but  the  commercial  article  sometimes  contains  only  30  or 
40%.  This  accounts  in  part  for  the  variability  in  the  appearance 
and  severity  of  the  symptums.  Another  variable  factor  is  the  rate 
of  absorption,  according  to  whether  the  stomach  is  full  or  emptj'.  In 
the  latter  case,  there  is  a  much  better  chance  of  saving  tht  patient. 
However,  the  absorption  is  alway^i  very  rapid ;  it  occurs  even  to  some 
extent  from  the  intact  skin.  Application  to  raw  surfaces  or  to  cuts 
ha*  given  rise  to  poisoning.  Inhalation  of  the  vapors  has  proven 
fatal. 

The  fatal  dose  of  absolute  HCN  is  about  0.05  Gm.  (i  grain) :  that 
of  KCN  is  0.2  to  0.3  Gm.  (3  to  S  grains);  that  of  dilute  hydrocyanic 
acid,  would  be  about  2.5  Gm.,  50  or  60  Bitter  almond  seeds,  would  he 
fatal.  Correspondingly  larger  doses  are  needed  if  the  drugs  are  im- 
pure or  decomposed.  The  impression  prevails  quite  widely  that  prussic 
acid  is  one  of  the  most  powerful  poisons.  This  reputation  is  justified 
by  its  extremely  rapid  action,  rather  than  by  its  toxic  dose. 


I 


In  the  so-called  apoplectic  form;  1.  r.,  when  very  large 

doses  are  taken,   the   piitient   may   fall  nncimscitins.   often 

with  a  loiul  cry,  within  ten  seainds,'  and  die  within  two  ta 

^veiniinites,  after  some  convulsions.     Ordinarily,  the  course 

is    rather  more  prolonged;  several  minutes  may  elapse  after 

'a.lcing  the  poison  before  any  effect  is  noticed;  death  occurs 

^^e-tiveen  15  minutes  to  an  hour. 

The  symptoms  consist  in  vertigo,  mental  dimness,  head- 

^^^e,  palpitation;  then  comes  dyspnea,  which  may  bea>me 

'^'"y   violent  from  stimulation  of  the  respiratory  center;  the 

^^"•^'ent  then  becomes  totally  unconscious  and  shows  very 

'*^^I^iit  convulsions.     During  this  stage  the  heart  may  be 

^^^^^^-tly  quickened.     The  respiration  becomes  first  difficult 

^'•^^        then  ceases.     The   heart  at   this  time  is  very  much 

^^•^Wened,  but  still  continues  to  beat  for  a  short  time  and 

^"^^^      stops. 

r^l-jj.  prompt  diagnosis  of  cyanid  poisoning  is  very  impor- 
^?*~*'^  in  view  of  the  treatment.  The  odor  is  very  characteris- 
^*^~  (The  student  should  familiarize  himself  with  the  ap- 

P^**'*~^nce  and  odor  of  pntnssiuni  cyanid.)     The  very  rapid 
oti*^^-^.  Qf  j|^^  symptoms  is  also  characteristic. 

H  rrv^^      ^^^  •otopsy,  the   odor  is  also  noticeable  on   opening  the   body. 

H  ft^*"^     ^^^    ^^   peculiar   lesions,  except   with   potassinm    cyanid,   which 

H  »^^    as  an  allcaline  caustic.     The  blood  is  generally  liquid,  and  remains 

I  *K*-^            removal   from  the  body   (by  interference   with  the  fibrin   fer- 

H  ^v*^^^-     hs  color  is  stated  to  be  verv  dark  —  but   this  is  not  true  of 

t 


v^     Cases:    it   may    be   of   a  very   bright   arterial    color.    Bright    red 

^^^.  TTiii  !■  thr  stioitnt  time  reported  —  a  fact  which  may  be  of  iooie  medico* 
'^Ji^*  imrKiriance  if  the  qucftion  arises  what  acts  ihc  patient  could  have  i>er- 
\«Tift^jj   aher   taking    the  poison. 
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ecchymotic  spots,  due  to  cyan-hemoglobin,  occur  during  putrefaction. 
The  final  proof  of  cyanid  poi^uning  rests  on  chernic  tests  (sec  Index). 
The    poison    disappears    within    two    weeks    during    putrefaction ;    but 
remains  for  a  long  time  if  the  latter  is  prevented  and  if  there  is  no    H 
evaporation.  V 


Treatment — This  consists  in  the  prompt  ci'ocuation  of 
the  stomach  with  lavage.  The  chernic  antidotes  should  be 
added. 

These  consist  of  fiydrogen  peroxid  (jHCN  +  HjOa=  (CO)i(NHa)i, 
oxamid)  ;  potassium  pfrmanganalc  (025  to  0.5%)  ;  arsenic  antidote; 
cobaltous  nitrate  (o.57o)  ;  or  sodium  hyposulphite  (l%).  (The  last 
acts  probably  by  forming  sulphocyanid :  the  metals  form  fcrricyanid 
and  cobaltocyanid.) 

These  measures  arc  quite  successful  in  .inimals,  if  they  are  admin- 
istered conjointly  with  the  cyanid.  In  man.  they  have  yielded  less 
promising  results,  since  too  much  time  elapses.  The  peroxid  and  hypo- 
sulphiie  should  he  tried,  however.  The  latter  should  also  he  iniected 
intravenously  (0.5  to  1%,  added  to  0.6%  NaCl)  or  hypodermically 
(3%).  usiuK   100  to  500   c.  c. 

It  is  also  justifiable  to  bleed  the  patient  profusely,  replacing  the 
blood  by  saline  solution. 

Tlie  symptoiuatii'  treatment  OMisists  essentially  in  sup- 
porting tlie  respiration.  Brisk  artificial  respiration  should 
he  hcgvin  at  once  and  maintained  as  lon^  as  the  heart  beats. 
Tliis  acts  maiidy  hy  ai(lii\t^  Ihe  elimination  of  the  poison 
through  the  hiiigs.  Counterirritalinn,  and  general  stimu- 
lants (caffein  and  atropin)  may  also  be  used.  If  the  patient 
survives  an  hour,  the  danger  is  practically  passed.  There 
may  be  some  sequels  —  headache,  tremors,  etc.  The  mor- 
tality  is  very  high  —  95%. 

The  repeated  administration  of  sublctal  doses  of  c>'anid5  leads  to 
chronic  cachexia,  without  altering  the  susceptibility  to  the  poison 
(Schlegel,   1892). 

VI.  THERAPELTICS. 

Tliere  seems  to  be  no  rational  basis  for  the  tlierapcutic 
use  of  the  cyanids,  except  as  flavors. 

The  local  anodyne  action  is  used  against  itching  of  thf  jfrin  and 
pruritus,  against  cough,  and  against  vomiting,  [f  given  internally,  it 
must  be  in  small  dosfs  frequcnily  repeated,  on  account  of  the  rapid 
decomposition.  Hydrocyanic  acid  has  also  been  given  for  other  pur- 
poses, especially  in  phthisis. 

Vri    ^tATERTA   MEDICA. 

Acldum  Hydrocyatiicum  Dilulum  (U.  S  P..  B.  P.)  —  (PnuxiV 
Acid.) — Shntild  contain  2%  of  HCN.  Made  by  decomposing  Pot 
Ferrocyanid  with   H.-S0.,  and  distilling,  or  extemporaneously   by  pre- 
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r  cyanic]  with  hydrochloric  acid.     Colorless  liquid 
-•Stic  odor.     Very    unstable;    a   black   precipitate  develops   in   time. 
die  strength  decreases  rapidly.     Incompatible  with  metals.     Dose. 
006    tno.a  c  c.  (I  to  3  minims)   (o.i  c.c.  =  iVj  tn..,  U.S.F.). 

If*o«Jnsil    Cyanjdum    (U.  S.  P.).— KCN.     Prepared    by    fusing   Pot. 
Ferrcxryanid   with    Pot.    Carbonate  and  crystallizing.     The  official  con- 
tains    at  least  95%  of  KCN.  but  the  commercial  articles  are  often  ver>' 
wiicH     weaker.     Sol.  in  2  parts  of  water,  sparingly  in  alcohol.     Decom- 
posoci     by  boiling  water.     Dose:  3  to  is  mg.   ('/■»  to  %  grain)    (to  mg. 
y^-i      Sr.  U.S.  P.). 
Vr%4g^    and  Galenic  Pref>aralions  contmning  HCN: 
f*rm«mu*  Vlr^iniana  (U.S.  P.)   [Prunus  Virginiaiue  Cortex.  B.  P.).— 
y'iitJ     Cherry. — T\\^  bark  of  Prunus  scrotina ;  Rosacea ;   North  Amer- 
ica.       Tannin;  Araygdalin;  Bitter  ^lucosid. 
•  *n<-iura  Pruni  Virginiamr  (B.  P.). — 10  c.  c.     Dose:  2  to  4  c.  c.   (^4 
*>   I    drachm). 
'        ^^—»<^rxiractum  Prnni  Virginiarttr  (U.  S.  P.V — Dose:  3  to  4  c.c  M 
10    I     cJ«-achm)    t2  c.c.  =  3oni.,  U.  S.  P.). 

I{.**/m-«'mih  pruni  I'irg^   (U.S.  P.). —  4:100.     Dose:  60  c.c.   (3  ozs.). 
Syr-B^^us    Pruni    Virg.    (U.  S.  P..    B.  P.).~I5%.     Dose:    4  c.c.=  i5 
Ao»3,r^(j^a  Amara  (U.  S.  P.,  h.V.),— Bitter  Aimond.—  The  seed  of 
r'W'fWj-    Amygdalus.  var.    Amara,    Rosaceae;    Mediterranean.     Contains 
Amygcdalirj.  fixed  and  volatile  oil.  etc, 
r??****    '''"yjjrfd/.r  Jmara  (VS.F.)r— Dose:  4  c.c.  =  i5  (U.S.  P.). 
^'*'««»*i  Amvgdaltr  Amara  (U.S.  P.). —  The  volatile  oil.     Dose:  0.03 
c-c-=^  vi  m-  <u.  s  p.). 

^P*'r^tHS  Amygdalte  Amartr   (U  S.  P.)  — A   i%  alcoholic  solution  of 
the  oil.      Dose:  0.5  c.c.=S  TTl.    (U.S.  P.). 

t-vurocerasJ  Folia   (B.  P.). —  Leaves  of  Prunus  Louroccrasus ,  Rosa- 
ccae     (  CTherrv-LaurcI). 

^*iua   Laurccerasi  (B.  P.)  — Contains  0.1%  HON.    Dose:  2  lo  4  c 
vr>  to   X  drachm). 


(C)  GROUP  OF  NITRITES. 

This  group  comprises  the  inor^nic  nitrates  ( NaNO^)  , 
1^1^  nitrous  esters  (arnyl  nitrite,  ethyl  nitrite) :  and  the  sul>- 
^.lances  which  are  converted  into  nitrites  within  the 
w»t.a\ily  nitroglycerin  and  hydroxylaniin.' 


1 


I.  SUMMARY  OF  ACTIONS. 


'■  Paralysis  of  the  vasoconstrictor  mechanism,  mainlv 
l^'^iphcral.'  '^ 

^*  Paralysis  of  the  vagus  center.  ^H 

\  Slow  paralysis  of  muscle  of  all  kinds  with  which  they 
f^e  intr>  direct  contact. 

4-  Metheiiif»globin  formation. 

1.  Vawconrtiictor  paralyda.* —  This  is  first  noticed  in  the 

^tu'lr  Mnfr-ia  Mrdtca  LcHon  .^6. 

■  '     ^NHjOH)    is    deci.*nipo»cd    in    the    IkmIj    into   nitrate    inc)    an 
'cc»  the  rflcL-ti  of  iMttli  th«c  suViKtancc*   finvtbrinoKtobin   formi 
central    poralysifr   (Lrwin.    1889). 
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skin  of  the  face,  in  an  area  similar  to  that  involved  in  blush- 
ing, but  which  may  extend  uver  the  entire  trunk  to  tlie  ilium. 
The  meningeal  vessels  undergo  dilation  at  the  same  time 
There  is  c<)nsec|uently  redness  uf  the  face,  heat  and  throb- 
bing in  the  head,  and  lieadache. 

These  first  effects  resemble  very  closely  an  incipient  asphyxia.  There 
is  also  sonn:  hyptrpnra  and  cvanosis.  The  temptation  might  arise 
to  refer  them  to  the  mclbemoglobin  formation ;  but  the  spectroscope 
fails  to  revival  ^ucb  al  this  time.  It  can  also  be  shown  on  lower  ani- 
mals that  the  iiilrite  ion  has  a  toxicity  of  its  own,  aside  from  the 
asphyxia.  The  latter,  however,  contributes  considerably  to  the  picture 
of  the  intoxication. 


Fic.  8j.—  Amyl  Nitrite  on  Carotid  Preiiure.  Don.  The  nitrite  if  inluM 
between  the  two  vertical  lines.  The  upper  trscing  U  taken  from  ■  normal  dof. 
the  lower  after  atroptn.  The  heart  was  qoickened  by  the  nitrite  in  the  upper 
trtdng,  but  not  in  the  lower. 


JUXJ\J\JXJU\XJUX^ 


Fic.    84. — Amyl    nitrite  on   «phyg:mogr«m:   a. 
ui     four    drop*. 


Noma);  b.   after  inbalatkni 


This  flushing"  lasts  but  a  very  short  time  if  the  action  of 
the  clnig'  be  discontinued.  At  the  same  time  the  heart  is 
greatly  quickened,  so  much  so  that  a  rise  of  blood  pressure 
is  frequently  observeii  at  this  stage,  the  dilatation  being 
more  than  overcome  by  the  quickened  beat.  The  dilatation 
does  not.  however,  raiiain  confined  to  the  skin,  but  spreads 
over  the  entire  l>ody,  and  relaxation  of  the  splanchnic  area 
in  particular  causes  a  speedy  fall  of  blood  prcssurt  (Fig. 
83)  and  a  dicrotic  pulse  (Fig.  84), 
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Mechanism  of  the  Vasodilation. —  The  fall  of  bhod-firessure  is 
due  t^ntirely  to  the  vasodilation:  for  it  occur*;  eqiialK*  well  when  the 
cardiac  changes  are  excluded  by  atropin  (Fi($.  83).  ihc  vasodilatation 
can  be  demonstrated  directly  by  inspection  (the  blushing;) ;  by 
plethysmographic  measurements,  by  the  increased  rate  of  flow  through 
vessels,  etc.  Tlie  dilauiion  occurs  after  destruction  of  the  spinal  cord 
and  in  excised  organs;  it  occurs  also  after  degeneration  of  the  cervical 
ganglion.  It  is  therefor  due.  at  least  in  large  part,  to  depression  of 
the  tone  of  the  vascular  nxuscutature.  (It  seems  useless,  with  our 
present  knowledge,  to  discuss  whether  the  action  is  on  the  muscles  or 
endings.)  The  depression  does  not  culminate  in  complete  paralysis, 
for  stimulation  of  the  splanch'nics  still  causes  .some  rise. 

if  a  nitrite  is  introduced  into  the  cerebral  circttJation,  and  pre- 
vented from  reaching  the  general  circulation.'  the  blood-pressure  does 
not  fall.  This  indicates  that  the  cerebral  centers  dn  not  ^hy  an  im- 
portant  part  in  producing  the  vasodilation.  It  is  possible,  however, 
that  they  are  concerned  in  the  blushing;  for  the  peculiar  distribution 
and  prompt  occurrence  of  this  phenomenon  points  to  a  central  origin. 

The  pulmonary  vessels  are  also  somewhat  dilated,  but  not  as  much 
as  those  of  the  greater  circulation.  1"he  pressure  in  the  pulmonary 
arteries  is  therefore  increased   (Plumier,  1905). 

2.  The  Tachycardia.— Tiie  vasodilation  is  p^enerally  ac- 
companietJ  by  quickening-  of  the  pulse.  Tliis  is  due  to  a 
direct  clq)ression  of  the  vagus  center. 

It  is  greatest  in  those  animals  in  which  the  vagus  ts  normally  active, 
and  small  in  other*:.  (In  the  tracing  of  Fig.  8j,  for  instance,  it  was 
slight,  the  vagus  tone  being  low.}  It  is  practically  abolished  by 
atropin. 

The  effect  is  due  to  the  direct  action  of  the  nitrite  on  the  vagus 
center:  for  it  is  obtained  if  the  nitrite  is  confined  to  the  cerebral  cir- 
culation, and  is  absent  if  it  is  allowed  to  act  on  the  general  circula- 
tion, but  prevented  from  reaching  tlic  brain. 

It  has  been  shown  by  experiments  on  excise<l  mammalian  hearts  that 
the  cardiac  muscle  is  not  affected  directly  by  ordinary  doses,  fin 
pathologic  conditions,  an  indirect  effect  may  l>e  produced  by  the  relief 
of  the  heart  from  excessive  resistance.)  The  exci.scd  frog's  heart  may 
be  quickened  by  low  concentrations  (t:  10.000);  higher  concentra- 
tions weaken  (i  :  5.000).  or  stop  <i  :  1,000)  the  contraction.  This 
direct  depressant  action  is  also  seen  with  toxic  doses  in  mammals. 


As  the  result  of  the  f|uicketiiiiR'.  the  excursions  of  the 
heart  are  smaller  The  Ijlood  pressure  waves  a])pear  jjar- 
tiailarly  small,  because  the  pressure  wave  is  more  readily 
dissipated,  on  account  f^f  the  dilatatifm.  The  pulse,  on  the 
other  hand,  may  he  bounding,  because  the  arteries  are  emp- 
tied more  completely  durinpf  diastole. 

Another  eflfect  which  may  possibly  be  attributed  to  the 
central  nervous  system  consists  in  a  qiiieketiing  of  the  respi- 

*  To  study  the  direct  action  of  druus  on  the  brain,  nnart  from  ih«ir  ptrinh- 
vril  «fF«ris,  ihr  cvixbral  vcurls  arc  tisatrd  .ind  subjected  to  artificial  perfusion 
vilh  defit>r{nat«d   blood,    to  which   the  dru(r  is  added. 
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ration.  But  this  is  perhaps  only  secondary  to  the  changes 
in  the  circulation  and  blood. 

Similarly,  the  variations  produced  in  the  secretion  of 
uriui'  appear  to  he  purely  secondary,  and  will  depend  upon 
whether  the  renal  arterioles  or  those  of  the  g-eneral  ciraila- 
tion  are  relatively  more  dilated:  the  former  causing  an  in- 
crease, the  latter  a  diminution,  of  urine. 

Convulsions  are  also  sometimes  noted,  but  they  also  may 
be  secondary  to  the  asphj'xia. 

3.  This  asphyxia  depends  upon  the  production  of  methcmoglobin 
(or  a  mixture  uf  this  and  nitric  oxid  hemoglobin).  Nitrites  differ  from 
most  other  methemoglobin-formers  in  that  the  structure  of  the 
corpuscle  is  not  destroyed.  Consequently  the  only  action  is  that 
of  retarding  oxidation,  since  methemonlubin  pans  with  its  oxygen 
much  less  readily  than  oxyhemoglobin.  This  may  perhaps  be 
responsible  for  the  persistent  glycosuria  sometimes  seen  in  animals, 
Methemoglobin,  however,  is  not  as  stable  a  compound  as  is^  for  m- 
stancc,  CO;  and  when  the  tissues  become  actually  O-siarvcd,  they  can 
break  up  methcmoglobin.  It  is  consequently  very  difficult  to  kill  ani- 
mals iti  ihis  manner,  unless  the  nitrite  be  introduced  more  rapidly 
than  the  methcmoglobin  can  be  decomposed.  If  this  is  done,  the  ani- 
mals may  be  saved  by  placing  them  in  oxygen  under  pressure. 


111.   DIFFERENCES 


IN    THE  ACTIONS 
OF  THE  SERIES. 


OF   THE   MEMBERS 


The  principal  differences  concern  the  rapidity  and  dura- 
tion of  the  action.  Amyl  nitrite,  when  inhaled,  acts  in  lo 
to  15  seconds,  the  action  disappearing^  a^i^ain  within  three 
minutes.  Trinitrin,  ethyl  nitrite,  and  sodium  nitrite  act  in 
two  or  three  mituitcs.  the  action  persisting;  a  half  to  three 
hours.  With  erythrnl  nitrate,  the  effects  appear  only  after 
fifty  minutes,  and  last  five  hours. 


The  differences  are  to  be  referred  to  absorption:  and  with  the 
organic  nitrates,  to  the  rate  at  which  they  are  converted  into  nitrite. 
The  inorganic  nitrates  (as  KNOa)  are  also  reduced  to  some  extent 
into  nitrites  in  the  body,  sufficiently  to  produce  mcthemoglobin  if  large 
doses  are  given ;  but  Ihey  cannot  be  used  therapeutically  as  substitutes 
for  nitrites  (Binz,  iqoi)- 

The  inorganic  nitrites  are  not  much  used,  since  they  are  quite  irri- 
tant to  the  stomach  (being  decomposed  hy  the  gastric  hyarochloric 
acid,  with  the  production  of  the  irritant  HNOi).  Large  doses  cause 
fatty  degeneration  of  the  liver,  similar  10  that  produced  by  ammonium, 
and  probably  due  to  the  formation  of  this  substance.  60  to  70%  of  the 
nitrites  disappear  in  the  body,  their  exact  fate  being  unknown. 

S/ii'n'/j  of  Xitri>us  Ether  shows  considerable  alcohol  action,  and  is 
used  as  a  diaphoretic  and  diuretic  more  often  than  for  lowering  the 
blood -pressure. 

Nitrogtycerin  has  also  a  toxicologic  importance,  from  its  use  us  an 
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[^scpilosive.    Toxic  doses  cause  vomiiing,  diarrhea,  cyanosis,  etc    Death 
,oc*ru«"*  by   respiratory  failure. 

T^  i  *  roglycerin  is  readily  ahsorlwd.  Even  the  application  of  it  to  the 
»kin  czauscs  sonic  effect,  and  persons  engaged  in  its  manufacture  suffer 
severely  from  headache  during  the  tirst  few  days.  After  this,  liow- 
cv««",  they  appear  lo  be  quite  unaffected,  unless  ihcy  leave  work  for 
*evcT«»I  weeks  and  then  resume  the  occupation.  The  work  is  said  to 
be     n<:>t  unhcatthful. 

^w^M^^keicss  ^HK-Z'rm'rfcrj  (nitroglycerin,  nitrocellulose,  etc.)t  when 
cxplcxJcd,  liberate  gases  which  produce  the  combined  effects  of  nitrites 
anci  -asphyxia.  The  principal  products  arc  Nd  (nitrogen  peroxid) 
and  CirO  ( Kiefer,  1905 ).  The  vasodilation  and  tachycardia  are  fol- 
low^cd  by  persistent  headache  ("powder-headache*"),  which  does  not 
yield  to  acctanilid,  etc.,  but  is  best  treated  by  strong  coffee,  and  poul- 
tices   applied  to  the  back  of  the  neck. 


IV.  DIFFERENCES   UN   SUSCEPTIBILITY. 

EFFECTS. 


UNUSUAL 


A.  rcfivirkable  tolerance  for  nitrites  is  often  observed;  this  is  some- 
times only  apparent,  since  the  tablets  decompose  and  often  contain 
no  nitroglycerin.  The  spirit  is  better,  but  also  not  quite  stable.  Other 
in*tancei  are  authentic,  and  often  due  l'.>  acquired  tolerance.  D.  D, 
5tri*art  (1905)  reports  such  a  case,  in  wiiich  20  grains  of  absolute 
nitroglycerin  produced  only  a  slight  effect.  5iomc  patients  exhibit  this 
trtlcraiicc  from  the  start.  Others  respond  very  violently  to  small  doses 
l^  alarming  syncope  with  slow  heart.  The  cause  of  this  is  not  ex- 
plained.     The  severity  of  the  headache  is  similarly  variable. 


V.  THER.APEUTIC  USES. 

y^e  nitrites  are  used  exclusively  for  iheir  dilator  action. 
Tliis  is  indicated  in: 

1-  Ejcccssivc  resistance  to  the  work  of  the  heart  (arterio- 
sclerosis). 

2*  ^^rtcrial  spasms  f  angina  pectoris,  some  fortns  of  mi- 
graine, asthma,  culd  extremities). 

3-  f^cmorrhage:  through  lowering  of  general  blood  pres- 
s-ure. 

4-  In  tnxic  rise  of  blood  pressure  (lead  colic,  barium, 
suychnin.  digitalis). 

VI.  EXCESSIVE  RESISTAN'CE  TO  THE  WORK  OF  THE 

HEART. 

i'-n  t*  <bown  by  a  high-tension  pulse,  with  marked  elastic 
•1  weak  dicrotic  wave 

I  i-*f  this  kind  is  dangerous  mainly  by  reason  of  the  extra 

I   pms   upon   the   heart.     Such   extra   resi5tance   is   found 

tn  arten'ofclcrosi*;.  aUo  in  angina  pectoris;  in  poisoning  by 

'Inig*.    5nch    a<!    Strychnin.    Lead.    Barium,    or    Digitalis;    in 

.  and   a  relative  excess  exists  when  the  heart   itself  is  weak- 

'  in   fnrr,   whilst   the   pulse  may   indicate  a   normal   or    even 
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When  the  rise  of  blood-pressure  is  due  (o  a  nervous  contracturt  oi 
the  vessels,  as  in  angina  or  with  strychnin,   the  nitrites  arc  certain  ip 
(five  reh'ef,  and  preference  is  given  to  amyl   nitrite  on   account  of  ii& 
quicker   action.     But   when    the   lumen    of   the    vessels   is   greatly  ti»c* 
rowed  by  fibrous  thickening  of  their  walls,  and  tlie  muscle  has  large^H 
disappeared,   the   nitrites    naturally   cease   to   be   effective.     Nitrites  ar* 
iheretore  useless  in  angina  pectoris  if  this  is  due  to  coronary  sclcrosl*- 
and  in  arteriosclerosis  they  are  for  the  same  reason  of  use  mainly   *^ 
the  early  stages,   and   then    they   only   give   relief   without   curing  tt»^ 
disorder.     But    this    relief    is   so   marked    as   to   make   them    of   gre^*^  ^H 
value.     It  may  persist   for  two  or  tlirec  weeks  after  the  drug  is  d^^*^! 
continued. 

When  the  resistance  is  not  increased,  but  the  heart  is  so  weaken  ^r^ 
as  to  l)e  unable  to  cope  with   it,  as  in   fever,  it  must  be  remcmber^=<l 
that    these    drui^s    cause    a    further    lowering    of    blood-pressure;   2mr^^ 
when  this  is  already  dangerously  low,  ihey  would  generally  \k  contr^a* 
indicated.     But  when  this  is  not  the  case, —  that  is,  when  the  weakp^'^n^l 
ing  has  not  progressed  very  far. —  a  temporary  relief  may  be  sccurc^^H 
and    this    often    suffices    to    restore   the   heart   to   its   normal    vigor    _     '*      ' 
would,  of  course,  t»c  advisable  in  all  such  cases  lo  combine  them  wm  •h 
drugs  which  increase  the  power  of  the  heart,  such  as  digitalis;  ar~«<Vj 
/i^r  contra,  the  addition  of  nitrites  to  digitalis   is   useful   in  prevent!  «TB 
the    va'^nconstrictinn    caused    hy    the    latter.     Another    condition   whi<::ll 
calls  for  ihc  use  of  vasodilator&  is  valvular  disease,  in  cases  in  whi-^^^hi 
the  cardiac  muscle  is  incapable  of  being  stimulated  to  increased  for* 
by   digitalis  —  such   as   in    falty  degeneration.     In   these  digitalis  dr>- 
harm  instead  of  good,  and  nitrites  are  used  as  a  last  resort,  effecti^^^^ 
relief  if  they  do  tiot  contribute  to  a  cure. 

On  account  of  their  iherapentic  effect,  the  vasoclilators  were  call^^* 
^asctiiar  stimulants  by  the  older  authors,  the  "stimulant"  rcferri*^^ 
to  the  system  at  large,  not  to  the  vessels.  On  account  of  the  confust  *;^'** 
to  which  the  term  leads,  it  should  l)e  entirely  abandoned.  The  sir*'* 
authors  usually  speak  of  drugs  producing  vasoconstriction  as  "vascr**' 
lar  tonics."  ^_ 

Amyl   nitrite  has  been   reported   useful   in   certain   obscure  disct^ff" ^^H 
in  epilepsy  (especially  when  given  at  the  time  of  the  aura)  ;  in  eclair»f*^H 
sia;   in   bemicrania.   etc.     Wliile   it   i-i   often   entirely   without   effrrt     »** 
epilepsy,  it  is  of  imdoubled  benefit   in  other  cases,  which  are  pcrhaJ^* 
dependent  on   a  vasomotor  spasm  of  the  vessels  supplying  the  mot^*" 
areas. 

VTI.  MATERIA  MEDICA. 

Admtntctratlon. —  The  dosage  of  the  nitrites  should  be  kept  as  I*^ 
as  prissible.  to  prevent  the  rapid  development  of  tolerance.  It  is  !>*" 
to  give  just  enough  to  cause  a  slight  quickening  of  the  pulse,  a^ 
feeling  of  fulness  in  the  head.  This  dose  may  he  given  f<iur  liir**" 
a  day.  The  initial  dose  may  be  0.6  mg.  (Vt».  gr  )  of  nitroglyceri'' 
increasing  gradually.  The  treatment  may  be  intermitted  fr»r  3  C*^ 
days  in  everv  t%vo  or  three  weeks,  starting  again  with  a  smaller  do«e. 

Amyh'sNi'tris  (U.  S.  P..  B.  P").— Amvl  nitrite.— A  yellowish  liqtfw 
of  peculiar  odor,  containing  about  80%  of  amyl  ^chiefly  iso-ainr*) 
nitrite.  GH.iNO;.  Obtained  hy  the  action  of  HNd  on  amyl  alcolw 
Tnsol  in  water,  freely  miscihle  with  ale.  Dose:  I  to  .1  drops,  rnh«l<^ 
from  a  handkerchief  (<52  c.  c.  =  .^  tit..  U.S.  P.).  It  mav  he  c^rrtA 
in  thin  glass  capsules.  "  pearls."  one  of  which  is  crushed  in  the  hand- 
kerchief  as  needed. 

Sf>intus  JEthcris  NUrosi  (U.S.  P.,  B.  V.),— Sweet  Spirit  Qf  Siite- 
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assayed  (4%  U.S.  P.;  iK%  B.  P.)  alojholic  solution  of  Ethyl 
Nitrite  (C:H».NOa).  Made  by  acting  on  alcoliol  and  sodium  nitrite 
(U.S.  P.;  or  nitric  acid,  R.  P.)  with  sulphuric  acid  and  distillinK  the 
product.  Miscibfe  with  water  or  ale.  Dose:  i.  to  4.  c.  c.  i%  to  i  5) 
(2  c.  c.  =  3o  m...   U.S.  P.). 

Liquor  Ethyl  Nitritis  (B.  P.). —  A  3%  solution  in  glycerinated  alco- 
hol.    Dose:  \  to  4  c.  c.  (^i  to  i  drachm). 

Sodii  Sitris  (  U.  S.  R.  B.  P.).— NaNO,.  White  crystals  or  pencils. 
Sol.  in  i^  water,  slightly  in  ale.  Dose:  0.03  to  0.3  Cm.  (J^  to  5  grs,) 
C0.065  Gm.=  i  gr.,  U.S.  P.). 

Sptntus  Giyct-ryiis  Nitralis  (U.S.  P.)  [Liquor  Trinitrini,  (B.  P.)].— 
Spirit  of  Nitroglycerin.  Trinitriu.  or  Glonoin. —  An  alcoholic  1%  solii- 
lion  of  C.H»(NO,),.  (Nitroglycerin  is  prepared  by  acting  on  glycerin 
with  HNOi  and  HjSO.).  Dose:  0.05  to  0.2  c.  c.  ( i  to  3  drops)  (0.05 
c.c.=  i    in..,  U.S.  P.J. 

Tahello'  Trinitrini  (B.  P.). —  0.6  mg.  =  Viw  gr. 

•  Erythrol  Tetranitrate. —  Colorless  and  tasteless  crystals,  soluble 
in  alcohol,  insoluble  in  water.  Dangerously  explosive.  Dose:  o.Ol  to 
0.03  Gm.  {Ytt  to  I  grain),  in  powders,  tablets,  or  alcoholic  solution. 


*  Not  official. 


CHAPTER  XXII. 
DIGITALIS  GROUP. 

r.  MEMBERS. 


The  distinguishing  feature  nf  this  group  consists  in  an  increased 
tone  of  muscular  tissue  gencratly.  manifested  ninsl  conspicuously  on 
arterial  and  cardiac  muscle,  leading  lo  increased  strengtln  and  dura- 
licm  of  the  systole,  and  to  rise  of  blood-pressure. 

This  action  is  possessed  by  a  large  number  of  substances,  of  very 
different  chemical  structure,  derived  from  widely  separated  families 
of  plants,  and  also  from  the  animal  and  mineral  kingdoms.  Only  a 
few  of  these  can  be  substituted  for  digitalis  in  therapeutics;  the 
others  have  more  pronounced  side-actions  nnd  have  mainly  a  scientific 
and   toxicologic  interest.     The   most   important   arc; 

1  NoH-Hitrof:enous  Neutral  Principh's.  Clucosids.  and  Resins. —  Tlic 
active  principles  of  Digitalis  (Dtgitoxin,  Digitophyllin.  Digitalein.  Digi- 
ts lin)  ;  Siiuills  (Scillitoxin)  ;  Strophanthus  (Stropbanthtn)  ;  .'4f*Hynum 
(Apocynin  and  Apoeyncin).  Of  less  inrf>nrta»ce  arc  those  of  .Adonis, 
Oleander.  Hellcborus  niger.  Convallaria,  Cheirantbtis.  and  others.  A 
number  of  these  and  similar  drugs  enter  inlo  amKc-poisoiis.  as  Stro- 
phanthin.  Ouabain,  Antiarin,  .Acocantberin,  etc. 

The  toxic  principles  found  in  the  skin  and  blood  nf  the  toad  (Bu- 
fanin  and  Bufotalin)  have  typical  digitalis  actions.  They  are  closely 
related  chemically  to  each  nthcr.  do  not  contain  iiitroi^en.  and  appear 
lo  be  derived   from  cbolestcrin. 

2.  Alkaloids. —  The  most  typical  is  crythrofklriii.  a  glucosidal  alka- 
loid. Other  alkaloids  show  a  very  similar  acltnn.  as  vcratrin.  curin. 
epinephrin;  pituitary  extrrct  and  camphor  also  resemble  digitalis  in 
their  cardiac  actions.  A  digitalis  aciion  is  also  claimed  for  Cactus 
irandiflorus.  but  experimental  and  clinical  reports  on  this  drug  arc 
rtiil   very  contradictory. 

3   Inorganic  Substances. —  Barium  salts,  hydrates,  and  normal  saline 
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solution  possess  cardiac  actions  which  resemble  Digitalis.  The  resem- 
blance is  perhaps  only  superficial,  for  it  has  been  shown  that  the 
heart  of  tends  is  very  tolerant  t«  all  typical  digitalis  poisons,  but  not 
tn  barium   ( Heiiser.   iy02).    They  have  no  therapeutic  imponancc. 

Digitalis   is   by    far  the  most   mipnitant   mcmljer   of  the   group,   from  ^ 
the  therapeutic  standpoint ;  strophanlhus  being  practically  its  only  com-  fl 
petitor.     The   latter   was   introduced   into   medicine  by   Frascr   in    1885.  V 
The  use  of   Digitalis   is   also  ci)mparatively   recent;   it    was   first   pub- 
lished as  a  remedy  in  cardiac  tlropny  in  1775  by  Withering  of  Birming- 
ham.    However,  the  drugs  of  this  group  were  recognized  as  poisons. 
and  employed  in  folk-medicine,  long  previously. 


II.  COMPOSITION  OF  DIGITALIS. 

Digitalis  contains  a  number  of  active  principles  (see  table 
XI).  These  are  as  yet  only  imperfectly  known,  as  it  is 
difficult  to  isolate  them  in  pttre  form.  Di^itoxin  f>cciirs  in 
the  largest  amount  and  is  the  most  iinpitrtant.  Digitophyl- 
lift  (present  in  the  leaf,  init  not  in  (he  seed).  Digiialin  and 
Digitalein  also  'xjssess  tlit-  typicril  digitalis  action;  Digitonin 
belongs  to  the  saponin  gnmp;  it  <lepresses  the  heart  and  di- 
lates the  vessels,  hiu  is  not  present  in  sufficient  amount  10 
seriously  affect  the  action  of  the  others;  Digiiin  and  Digito- 
^in'oti  are  practically  inactive. 

Svluhilii\\ —  Digitalin.  Digitalein,  and  Dtgitonin  arc  fair- 
ly soluble  in  water.  Digiloxin.  Digitophyllin,  and  Digi- 
talin are  freely  soluble  in  alcohol,  but  almost  insoluble  in 
water.  However,  when  tlie  plant  is  extractetl  with  water, 
they  are  largely  hruiight  into  solution  by  *he  digitonin;  so 
that  a  I  :  10  infusion  contains  two-thirds  of  the  digitoxin  of 
the  leaf.  Nevertheless,  the  alcoholic  preparations  are  rela- 
tively richer  tn  digitoxin,  the  aqueous  .in  digitalein  and 
digitonin. 


i 
I 


I 


Decomposition  Products,— "LxW  all  lEflncosids.  the  digital's  principles 
decompose  readily,  especially  in  the  presence  of  water  and  acids.  The 
decomposition  products  are  also  imperfectly  known.  Toxiresin,  from 
digitoxin.  and  Digitalircsin.  from  digitalin  and  digitalein.  may  be  ac- 
cepted provtstonally.  They  are  nut  present  iu  gofx!  preparation!;  of 
digitalis,  bnt  are  formed  when  tht-  drug  is  stored  under  unsuitable 
conditions;  they  (X*ciir  also  in  old  infusions.  Their  actions  are  t>-pically 
those  of  the  picn>(oxin  group.  They  seem  to  be  more  poisonous  than 
the  original  digitalis  principles,  and  have  been  blamed  for  some  of  the 
accidents  occurring  in  the  therapentic  use  of  Digitalis,  The  sabjecl 
requires  further  investigation. 

in.  SUMMARY  OF  ACTIONS. 

The  members  of  the  digitalis  group  produce  a   direct 
stimulation  of  all   forms  of  muscular  tissue;  of  the  vagus 
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g^ariglia;  and  of  the  medullan.'  centers;  they  also  cause  local 
irritation.  Tliese  actions  result  in  the  following  phe- 
nomena : 

1.  A  direct  action  on  the  cnrdiac  muscle,  increasing  its 
irritabihty  and  contractility,  leading  to  more  powerful  sys- 
tole, and  feter  to  lessened  diastole. 

2.  Vagus  slimulatiofu  mainly  by  the  increased  blotxi  pres- 
sure: but  partly  direct. 

3.  V asoconstric titm .  mainly  by  direct  action  on  the  arte- 
rial muscle,  but  partly  central. 

4.  A  diuretic  action,  produced  only  in  cardiac  disease. 


Fifl.  85.— Digitalis  on  blood- prcunre.  do|r.  The  upper  trscins  U  taken  on  > 
very  slowly  moring  drum,  to  show  the  successive  effects.  The  Tower  Iracinit  i* 
tmken  with  a  fiuter  «|>eed.  The  vertical  lines  indicate  the  correMxindence  of  ibe 
fast  and  slow  tracings,  'rhe  upper  abKia«a  corresftonds  to  ihe  ori){inal  mean 
pre9!iure;  the  lower  ab»cis»a  to  zcru  ureitsure.  The  digitalis  it  injected  at  «. 
(See  text.) 

5.  A  picroioxin  action:  stimulation  of  all  medullar)'  cen- 
ters, followed  by  dei)ressit.>n. 

6.  A  local  irritant  action,  progressing  to  inflammation. 

7.  A  veratrin  action  on  skeletal  and  smcx)th  muscle. 


IV.  DETAILS  OF  ACTIONS. 

Circulation.'— Tlie  efifecis  of  digitalis  may  be  divided.    I 
especially   in  manmials.   into   two  well-defined  stages,   the    ^ 
tlierapeutic  and  toxic.     Tlie  typical  phenomena  of  the  two 
stages  are  shown  in  Fig.  85. 

■  Consult   Exerciaea  49   and   61. 
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►wring  thf  intravenous  injection  of  digitalis,  the  pressure  falls 
i^fjarply  (a),  on  account  of  the  local  irritant  action  on  ihe  heart  and 
^rcsseis.  This  docs  not  occur  in  the  other  methods  of  administration. 
3"f»c  fall  is  not  at  all  lasting. 

The  therapeutic  sUge,  Fig.  85  (b  and  c).  and  Fig.  86b.  is 
-Ijiiractcrizcd   by   a    considerable   rise   of  pressure  and  a 


m 
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gi  irr-k*   *6-— Bloofi-fircMurr   tracings  unrfcr  diglults..   to  show    some   of   the  trpes 
If)    ir^J'^'y  'n  the  toxic  ftlacc*.     A,   B.  C  and   D  rcpreacnt   four  different  dog*. 
fg^t^m    ^  normal   iracins:    (^)    the   lhcrat>eutic   suge:    the   following   letters   rep- 
tbf  *ucce«ive    changes. 

er  and  slower  heart  l)eat.  If  the  digitalis  action  is 
need  rapidly,  it  may  he  seen  that  the  rise  precedes  any 
igc  in  the  heart ;  it  is  therefore  due  largely  to  vasocon- 
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striction ;  and  it  can  he  readily  shown  that  this  is  due  largely 
to  a  direct  action  <»n  the  arterial  muscle,  although  the  vaso- 
motor center  is  stimulated  as  well.  The  slowing  is  absent 
if  the  animal  has  received  atrojnn:  it  is  at  most  very  slight 
if  the  vagi  have  been  simply  divided.  It  is  therefore  due  to 
central  vagus  stimulation  ( partly  by  the  increasefl  blmxl 
pressure,  and  partly  by  a  picrotoxin  action).  The  increased 
force  of  the  heart  beat  is  due  in  part  to  the  vagus  stimula- 
tion:  but  still  more  to  the  direct  .stimulation  of  the  cardiac 
muscle;  for  it  occurs  also  in  atropinize<]  animals.  All  the 
chambers  of  the  heart  participate  in  these  actions;  but  the 
increase  of  force  is  greatest  in  the  ventricles,  partiadarly 
in  the  left. 

During  this  stage,  the  systolic  intracardiac  pressure  is  in- 
creased ;  the  heart  is  emptied  more  conipletely.  If  the  heart 
is  normal,  the  diastolic  expansion  is  also  increased.  More 
blood  is  therefore  thrown  out  at  each  beat,  and  also  in  a 
unit  of  time  (  n<itwTthstanding  the  slowing).  The  pulse  re- 
mains firm,  even  tkiring  diastole.  .Abnormal  dilation  of  the 
heart  is  lessenerl.  and  irregularities  tend  to  disappear. 

The  principal  feature  of  the  toxic  stage  is  extreme  irregu- 
larity of  the  heart,  both  as  to  strength  and  rhythm  (  Fig.  85 
d,  and  Fig.  86). 

The  toxic  action  is  often  ushered  in  by  a  very  slow  rhythm  ( Fig.  86, 
A.  b.  and  c),  due  to  extreme  ceniral  vagus  stimulation.  This  is  fol- 
lowed by  a  series  of  the  most  varied  clianges.  Th^  heart-ratr  is  gen- 
erally increased.  Tbe  qiiickeninflr  is  not  due  to  paralysis  of  the  vagus 
for  It  occurs  even  in  the  excised  heart,  and  ihe  vagus  responds  to 
electric  stimulation.  It  is  caused  by  direct  stimulation  of  the  cardiac 
muscle. 

However,  the  picture  is  apt  to  change  from  moment  to  moment.  At 
times  the  beats  are  rapid  and  fairly  small  and  regular,  as  in  Fig.  86. 
B  c;  at  others,  they  arc  extremely  strong  and  slow,  and  the  heart 
may  stop  completely  for  a  time  (end  of  Fig.  85  and  during  d  of  Fig. 
86,  O.  This  is  evidently  due  to  extreme  vagus  stimulation.  More 
frequently,  however,  the  variations  concern  the  strength  of  the  beat, 
rather  than  the  rhythm. 

One  or  more  enormovisly  strong  heats  are  followed  by  very  much 
weaker  beats,  sometimes  quite  imperceptible  in  the  pulse,  which  is 
therefor  intennittent  (see  Fig.  86,  B.  e.  and  g).  These  phenomena 
recur  in  groups,  which  remain  fairly  regular  for  a  short  time,  hut  soon 
change  to  .some  other  type,  as  may  be  seen  in  Fig.  86.  B  and  C.  These 
effects  are  sometimes  due  to  respiration.  In  other  cases,  however,  they 
are  cardiac.  They  are  also  seen  in  the  atropinized  heart,  and  are 
mainly  due  to  the  arythmia  of  the  auricles  and  ventricles  (Cushny. 
1899).  It  will  be  recalled  that  the  ventricular  contractions  are  nor- 
mally originated  by  the  auricular  contractions.  Toxic  doses  of  digi- 
talis seem  to  interfere  with  the  transmission  of  this  impulse,  and  at 
the  same  time,  they  raise  the  excitabihty  of  the  cardiac  muscle  to  such 
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c^^?gTf«  that  contractions  can  originate  in  the  ventricles.  The  au- 
cl*="^s  and  ventricles  therefor  beat  independently:  either  may  be  the 
0<yr^  rapid.  As  a  consequence,  the  contractions  will  sometimes  aUer- 
tat^-..  wmctimes  coincide,  forming  groups  (sec  Kig.  87).  If  the  anricu- 
tr  ^s3'5toIc  occurs  during  the  ventricular  diastole,  the  ventricles  will  l>e 
]le«:l  with  blood  when  they  contract,  and  the  result  will  be  a  large 
ols^— wave;  if  the  auricular  and  ventricular  systole  coincide,  no  blood 
rjll  f^c  moved,  and  there  will  be  no  pulse  (see  Fig.  87,  /»).  This  is 
her  «-»nosi  Kiiisfactory  explanation  of  the  group  phenomenon.  A  fur- 
fccf  factor    may    come    into    play:    it    is    probable    that    the   auricular 

tam«.«lus  to  the  ventricle  is  not  complctcl);  blocked  by  the  digitalin. 
f  thm  ^ff"  auricular  and  independent  stimuli  coincide,  the  ventricular  con- 
Iraof  i<i>n  would  be  strong;  if  Ihey  interfere,  the  contraction  would  be 
vcaW  or  absent.  This  effect  would  support  that  previously  described, 
inc]  I<^ad  to  the  same  kind  of  grouping. 
OtS^^zr  occasional  irregularities  require  a  different  explanation. 
rb<r&«^     may  coincide  with  respiratory  variations,  and  indicate  a  rhythmic 


f  VIUv/IUv 


-    r  -5     to     ilhntrate     the     effect     of     auricular     ami     ventricular 

il;ir   tteai:    (i).    ventricular  t>eat;    (p).    btnotliireuure.     The 

lo    the   ventricular    at    the    heavy    lintr*.    am]    the    pulse    U 

liS     It  coinciHn   at    the   light    line*,    and   the    puUr   is   weak.      With 

rate    (1    ventricular    l*cat   to   i^i    auricular)    each   ttrong   contrac* 

nCil  by  a  «cak   cuuliaction. 


*ttm«laiion  of  the  vagus  .md  vasomotor  centers  (Fig.  85,  d)  It  may 
»w  tiippcn  that  the  contractions  follow  each  other  so  rapidly  that  the 
lortncle  ha«  nn*  time  tn  fill,  and  some  of  the  contractions  are  therefor 

iwntc!  i  vc. 
'"(  final   phenomena   of   the   toxic   stage   also  vary   in   different 

'*"'     '  *Iy.   the   rate  continues   to  increase,   until  deUrium  cordis 

'*"  heart  slops  in  diastole.     Mure  rarely,  death  occurs  by 

^''        •..h;i..>  stimulation,  as  in  Fig.  85. 

I  r»r".  oding  flescription  nf  the  effects  of  the  digitalis 
-  ''  N  'te  circtiiatirm  imist  l>e  supplemented  by  a  further 
itmly  of  some  of  the  experimental  evidence  on  which  it  is 
^ttsciL  For  this  purpose,  it  will  be  well  to  take  up  sepa- 
^ifly  the  action  on  the  muscle,  vagfus.  and  vasomotor  sys- 
itmi. 
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The   direct   efleci   of   Digitalis   on   the   Cardiac   Muscle   can  b 

studied  quite  well  on  the  frog's  heart.*     The  phenomena  are  generall 
the  same,  whether  the   drug  is  appHed  directly  to   the  exposed  hear 
injected  into  the  lymph  sac,  or  perfused   through  the  excwcd  heart 
the    Williams    apparatus    (see    Exercises).     They   arc    not    affected  h 
airopin.    Similar  actions  are  produced  on  the  nerve  free  heart  of  ifc — -^c 
embryonal   chick.     They  arc   therefor  purely  muscular. 

The  effects  arc  illustrated  by  Fip.  88   {a).     The  heart  is  slowed 
lengthening  of  the  systolic  conlraclions.  which  are  also  more  powcrfue=z_jf 

The  output  of  the  heart  is  at  first  increased.     As  the  action  prQgrcss< ^^^ 

the  systole  becomes  longer  and  stronger,  and  the  ventricle  relax^^  ^l 
less  and  less  during  diastole,  retaining  a  remarkably  while  appcaranc=:z_^<. 
The  output  is  lessened.     Finally,  diastolic  relaxation  is  abolished  alt .,. 


TtorniAls 


a^VAJCll-r 


Fig.  88. —  DinRram  of  Disitiilis  Actioru.  (a)  On  frof't  cardiac  muKle: '^> 
on  TAffus  mfchaninn;  fc)  one  of  the  pusstble  combinaboru.  SoltJ  lino.  «cnlTK> 
ular   coatrac(ion«    (uptirokc  =  systole);    dotted   lines,    blood -)>rr»»urc    and  oatp«l 

gether,  and  the  heart  remains  lonically  contracted,  in  systolic  standstill 
It  is  not  paralyzed,  at  this  time,  for  if  it  be  forcibly  distended,  it  will 
boat  again  powerfully.  Eventually,  however,  il  will  also  fail  to  respond 
to  this  stimulus,  but  it  remains  in  systole,  which  finally  passes  int>* 
rigor. 

The   digitalis  acts   much   more  powerfully  on   the  ventricle  than  on 
the  auricle.     The  engorged  appearance  of  the  latter  contrasts  striUi  :' 
with  the  white,  contracted  ventricle.     Arhyihmia  results,  so  that  !■ 
the  end,  the  auricles  make  several  heats  to  every  ventricular   cnnr*.- 
lion.     They  stop  considerably  after  the  ventricle. 

Different  parts  of  the   ventricle   also   show    a  varyitig    suscepiibili'* 
The   apex    is    generally    found    in    permanent    systobc    standstill 
the  base  of  the  ventricle  is   still   beating.     Isolated   areas  or  riiu; 
permanent  contraction  may  be  scattered  over  the  heart ;  the  contiac* 

•  Concult  Enercisc  49- 
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much  as  in  the  aorta),  mainly  through  the  increased  force  of  the 
heart  (Plumier,  1905).  The  constriction  of  the  corotiary  vessels  is 
quite  powerful  in  the  case  of  digitoxiu,  and  interferes  somewhat  with 
the  cardiac  stimulation.  Strophanthin  does  not  have  this  effect  (Q. 
l-oeb»  1903  >• 

Diuretic  Action. —  In  normal  individuals,  digitalis  has 
very  little,  if  any,  action  on  the  secretion  of  urine.  In  heart 
disease,  however,  it  has  a  remarkably  strong  diuretic  effect, 
especially  in  the  presence  of  effusions.  The  water  and 
chlorids  are  especially  increased,  the  other  urinary  constitu- 
ents being  hut  slightly  altered. 

The  negative  results  on  normal  animals  sliow  that  the 
effect  is  not  due  to  a  direct  action  on  the  kidneys.  The 
diuresis  coincides  in  time  and  duration  with  the  cardiac 
effects,  and  is  indeed  Secondary  to  the  mechanical  changes 
in  circulation,  which  are  of  such  a  nature  as  to  favor  filtra- 
tion.* 

Most  prominent  amongst  tliese  favoring  factors  are  the  increased 
%\7.c  of  the  pulse-waves ;  the  increased  output  of  the  heart ;  the  lessened 
venous  pressure;  and  the  hydremia  resulting  from  the  absorption  of 
I  the  cfTusions.  These  conditiuns  cause  a  corresponding  increase  of  urine 
I  filtration  even  :n  dead  kidneys  (Sollmann,  1905).  The  vasoconstrictor 
^^^  action  of  digitalis,  on  the  other  hand,  tends  to  produce  the  opposite 
■LcfTecL  The  perfusion  of  digitalis  through  the  excised  kidney  therefore 
^^^le^&ens  the  urine.  Tiiese  opposing  factors  explain  the  varying  action 
^^  of  digital  is  on  diuresis,  in  intact  animals. 

I  li'tth    toxic   dtys^s   nf    digitalis,   the    constrictor   effect   predominates 

I  under  all  conditions,  the  urine  beinR  diminished  or  suppressed.  The 
I  irritant  action  of  digitalis  may  contribute  to  this  result,  for  the  scanty 
I  urine    is    often    blood,   and    there   are    other    evidences   of   a   nephritic 

action. 

H'ith  therapeutic  doses,  the  favorable  and  unfavorable  actions  seem 
to  balance  each  other,  in  normal  individuals,  since  the  quantity  of  urine 
is  not  changed,  hi  cardiac  disease,  the  conditions  arc  peculiarly  favor- 
able to  the  beneficial  effects;  the  cardiac  action  is  then  much  larger, 
-and  the  removal  of  the  efTusions  and  venous  congestion  can  of  course 
occur  only  in  this  disease. 

The  diuretic  effect  of  digitalis  may  be  improved  by  lessen- 
ing the  vasoconstrictor  action.  This  may  be  accomplished 
1>y  employing  the  less  constricting  preparations :  the  infusion 
nf  digitalis  instead  of  the  tincture  fthe  former  containing 
relatively  less  of  the  constricting  digitoxin)  ;  strophanthus 
also  has  a  comparatively  small  constrictor  action:  or  the 
vascular  action  may  be  counteracted  by  the  administration 
of  nitroglycerin.  In  cardiac  disease,  digitalis  is  the  most 
effective  and  the  most  persisting  diuretic. 
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they  arc  mainly  of  mu&ctilar  origin,  with  the  occasional  intermixlurc 
of  vagus  eflfects.  In  the  auricles,  the  inhibitory  action  lends  to 
predominate,  so  that  their  efficiency  is  impaired.  The  output  of  the  ven- 
tricles remains  good  for  a  time,  and  this,  together  with  the  vasocon- 
striction, maintains  a  Itigh  blood-pressure.  However,  when  the  irregu- 
larity or  vagus  sttmubtiun  becomes  extreme,  the  efficiency  of  the  heart 
is  impaired  and  the  pressure  falls.  This  in  turn  interferes  with  the 
coronary  circulation,  especially  since  the  coronary  vessels  participate 
in  the  vasoconstriction.  The  heart  then  succumbs  to  the  combination 
of  anemia  and  dijGiitalis  poisoninp,  stof>ptng  in  diastole.  (Systolic 
slandstill  of  llic  mammalian  heart  is  only  possible  if  the  coronary  cir- 
culation is  maintained.  ».  r.,  in  artificially  perfused  preparations.)  U 
is  imjjurtaiU  to  bear  in  mind  these  indirctt  actions  of  digitalis  on  the 
heart,  produced  by  the  changes  in  the  general  blood-pressure  and  in 
the  coronary  circulation. 

The  Blood- VesieU.— Reference  to  Fig.  8S  (c)  will  show  that  the 
cardiac  actions,  the  increased  output  of  the  heart,  produces  a  rise  of 
blood-pressure.  Some  authors  have  been  inclined  to  consider  this 
an  adequate  explanation  of  the  phenomenon.  However,  the  pressure 
rises  before  the  heart  is  altered  (Fig.  85,  b).  This  can  only  be  ex- 
plained by  a  vasoconstriction.  This  vasoconstriction  is  very  important 
in  the  therapeutic  u^e  <'f  digitalis.  Its  existence  may  l»c  demonstrated 
directly  in  many  difiFcrcnt  ways,  perhaps  most  conveniently  by  measur- 
ing the  volume  of  nrgans,  or  by  observing  the  venous  outflow.  Both 
arc  markedly  diminished  by  digitalis.*  The  effect  occurs  early  and  is 
very  per.sistenl. 

Gottlieb  and  Magnus  (1901)  have  investigated  this  action  very  thor- 
oughly. They  demonsiraied  that  it  is  mainly  of  peripheral  origim. 
for  it  occurs  after  destruction  of  the  central  nervous  system,  and 
even  in  excised  organs.  Di.\on  (1903)  found  that  it  can  be  produced 
even  when  the  nerve  endings  are  completely  paralyzed  by  apocodein ; 
the  action  is  therefor  directly  on  the  arterial  muscle,  analogous  to  the 
other  muscular  effects  of  digitalis.  It  is  difficult  to  decide  whether 
there  is  i«  addition  a  central  vasomotor  stimulation.  This  is  rendered 
probable  by  some  rather  sudden  ch.inges  in  the  relative  constriction 
of  different  areas ;  and  by  the  demonstrated  action  of  digitalis  on 
other  modtjltary  centers. 

The  lasoconslrictii'tt  is  most  pronounced  in  the  splanchnic  area,  the 
intestines,  spleen,  and  kidney  participating  in  it  very  strongly. 

In  the  intact  animal,  the  vessels  of  the  periphery,  the  skin,  exiremi- 
ties,  and  brain  may  ez'cn  be  dilated.  This  dilation  is  not  a  direct  effect 
of  the  digitalis,  for  the  vessels  of  these  organs  are  constricted  if  the 
digitalis  is  perfused  through  them  directly.  The  dilation  results  from 
the  displacement  of  the  blood  from  the  powerfully  constricted  splaiich- 
nic  vessels  into  the  less  powerful  peripheral  vessels.  This  can  be 
shown  by  ligating  the  splanchnic  vessels  before  givinR  the  digitalis: 
the  peripheral  vessels  will  then  be  constricted  by  the  drug  Oigi- 
toxin,  the  most  powerful  constrictor  of  the  group,  may  even  cause 
constriction  of  the  leg-vessels  in  the  intact  animal. 

The  dilatation  is  brought  about  partly  mechanically,  by  the  inter- 
mediation of  the  high  t)lDnd-pressure.  In  part,  however,  it  is  a  va.io- 
molor  reflex,  for  some  dilatiqn  occurs  when  the  leg  is  separated 
entirely  from  the  body,  with  the  exception  of  the  sciatic  nerve.  Thi« 
arrangement  would  of  course  entirely  prevent  the  dilatation  if  it  were 
due  solely  to  the  mech.lnical  effects  of  the  increased  blood-pressure. 

The  pulmonary  7'essels  are  scarcely  affected  by  the  digitalis  (Ger- 
hardt,  1902);  the  pressure  in  the  pulmonary  artery  rises  (but  not  a* 
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luch  as  in  the  aorta),  mainly  through  the  increased  force  of  the 
llicart  (Plumicr,  1905).  The  constriction  of  the  coronary  vessels  is 
J<}uitc  powerful  in  Uie  case  uf  diKiloxm,  and  interferes  somewhat  with 
||be   cardiac   stimulation.     Strophanthin   docs   not   have   this   effect    (O. 

.ocb,  1903). 

Diuretic  Action. —  In  normal  individuals,  digitalis  has 
very  little,  if  any,  action  on  the  secretion  of  urine.  In  heart 
disease,  however,  it  has  a  remarkably  strong  diuretic  effect, 
especially  in  the  presence  of  effusions.  The  water  and 
chlorids  are  especially  increased,  the  other  urinary  constitu- 
ents l)eing  but  slightly  altered. 

Tlie  negative  results  on  normal  animals  show  that  the 
effect  is  not  due  to  a  direct  action  on  tlie  kidneys.  The 
diuresis  coincides  in  time  and  duratitjn  with  the  cardiac 
effects,  and  is  indeed  *;econdary  to  the  meclianical  changes 
in  cirailation.  which  are  of  such  a  nature  as  to  favor  hhra- 
tion.^ 

Most  prominent  amongst  these  favoring  factors  arc  the  increased 
sire  of  the  pulse-waves ;  the  increased  output  of  the  heart ;  the  lessened 
venous  pressure;  and  the  hydremia  resulting  from  the  absorption  of 
the  effusions.  These  conditions  cause  a  corresponding  increase  of  urine 
filtration  even  in  dead  kidneys  (Sollmann,  1905).  The  vasoconstrictor 
action  of  digitalis,  on  the  other  hand,  tends  to  produce  the  opposite 
'«fFect.  The  perfusion  of  digitaUs  through  the  excised  kidney  therefore 
lessens  the  urine.  These  opposing  factors  explain  the  varying  action 
of  digitalis  on  diuresis,  in  intact  animals. 

H'ifh  toxic  doses  of  digitalis,  the  constrictor  effect  predominates 
imder  all  conditions,  the  urine  being  diminished  or  suppressed.  The 
irritant  action  of  digitalis  may  contribute  tn  this  resuh,  for  the  scanty 
urine  is  often  blood,  and  there  are  other  evidences  of  a  nephritic 
action. 

With  therapeutic  doses,  the  favorable  and  unfavorable  actions  seem 
to  balance  each  other,  m  tiormat  individuals,  since  the  quantity  of  urine 
is  not  changed.  In  cardiac  disease,  the  conditions  are  peculiarly  favor- 
able to  the  beneficial  efFect< ;  the  cardiac  action  is  then  mttch  larger, 
and  the  removal  of  the  effusions  and  venous  congestion  can  of  course 
occur  only  in  this  disease. 

The  diuretic  effect  of  digitalis  may  be  improved  by  lessen- 
ing the  vasoconstrictor  action.  This  may  be  accomplished 
by  employing  the  less  constricting  preparations  :  the  infusion 
of  digitalis  instead  of  the  tincture  (the  former  containing 
relatively  less  of  the  constricting  digitoxin)  :  strophanthns 
also  has  a  comparatively  small  constrictor  action:  or  the 
vascular  action  may  be  coimteracted  by  the  administration 
of  nitroglycerin.  In  cardiac  disease,  digitalis  is  the  most 
effective  and  the  most  persisting  diuretic. 
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:rknces  in  the  members  of  the  group. 


rtivcr,  the  improvements  caused  by  digitalis  tend  to  be  sclf- 
ff  as  will  be  described  under  the  therapeutic  uses.  How- 
Kg  delay  wiiich  precedes  ihe  actions  when  moderate  doses 
Etravenously  to  normal  animals,  indicates  that  the  cause 
nbmcnon  lies  largely  within  ihe  muscle  cclls»  ».  e.,  in  their 
rolonged  response. 

pal  members  —  alkalies,  verairin.  and  barium  salts — resem- 
fonly  when  they  arc  u.^ed  in  small  doses  applied  direclly 
's  hcan.     If  used  in  larger  qviantitics,  they  paralyze  the  heart 

fethe  start  —  especial)*  the  barium  salts  and  alkalies  —  and 
3lic  standstill, 
ugs  have  more  powerful  eflfects  on  other  parts  of  the  sys- 
le  case  of  alkalies  and  acids  it  would  be  quite  impossible  to 
Eitalis  action  by  oral  administration,  for  they  would  be  neu- 
nrc  they  reached  the  heart. 

pegiilar  members  of  the  digitalis  scries  have  the 
pons  which  have  been  described,  but  the  extent  to 
;y  act  upon  the  three  systems  —  vag^is  center,  car- 
ile.  and  vasomotors) — differs  in  the  different 
mi  the  group;  and  this  is  of  great  practical  im- 
^>ecausc  it  Hmits  their  employment  in  several 
I  makes  one  more  useful  than  another.  The  sub- 
icarcely  been  sufficiently  investigalcf!  experimental- 

ry  with  regard  to  the  effect  upon  the  total  circu- 
could  be  done  by  circulation  time  and  similar 
'.  Therapeutically  it  is  often  fnuml  that  one  mem- 
|p  harm,  whilst  another  will  prove  beneficial, 
tliac  effects  are  fairly  uniform;  the  differences 
inly  t!ie  other  actions.  Only  the  more  prominent 
considered,  our  knowle<lge  of  the  others  l>eing 
Digitoxin  and  crythrophlein  have  the  strongest 
istrointestinal  action.  Digitoxin  is  the  most 
Lsoconstrictor.  and  shows  the  greatest  tendency 
rve  action.  The  other  digitalis  principles  possess 
Ions  to  a  lesser  degree;  and  struphanthus  is  the 
n  all  these  respects.  Of  the  digitalis  preparations. 
m  produces  these  side  actions  more  powerfully 
■If  or  the  infusion.  In  scilla  and  euonymus.  the 
!nfi  predominate  sn  strongly,  that  the  former  is  em- 
ijnly  as  a  nauseant,  the  latter  as  a  cathartic.     Apo- 

s  (Wood. 


quite  closely 


digi 


904) 


flffion    of    digitoxin    practically    preclude    its    use    hypo- 

'gitalcin  may  be  administered  in  thi^  manner.     The  Taso- 

Tcry  important,  being  sometimes  desired,  and  sometimes 
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harmful,  especially  when  the  diuretic  action  is  wished.  The  eumula- 
live  action  is  produced  by  all  members,  but  in  a  varying  degree,  as  in- 
dicated above   (Fracnkcl,   1903J. 


VI.  TOXICOLOGY. 

The  toxic  effects  of  digitalis  are  important,  since  the>' 
may  arise  suddenly  during  llie  continued  therapeutic  use  of 
the  drug,  even  when  ordinary  doses  are  given.  The  symp- 
taws  have  lietn  described:  nausea;  vomiting;  diarrhea;  fast, 
irregular,  intermittent,  small  pulse;  and  variable  ner\'ous 
disturbances.  There  are  no  characteristic  postmortem 
lesions,  except  p()ssihly  some  gastroenteritis. 

As  to  the  treatment  of  digitalis-poisoning,  this  should  be 
mainly  pn>pliylactic  —  /.  i\,  directed  to  the  avoiilance  of  the 
cumulative  action.     Tliis  can  be  best  done  by  intermitting — ^ 
the  digitalis  for  several  days  at  a  time,  and  then  giving  itr^r^ 
again  for  a  few  days.  an<l  so  on.     The  dose  should  be  cut»^^i 
down,  not  increased,  when  the  pulse  becomes  rapid. 

When  tlie  poisoning  has  actually  set  in,  and  there  is  rea-  .^sa- 
sou  to  suppose  that  digitalis  is  still  contained  in  the  stomach .«":#^. 
this  should  be  evacuated.  The  rest  of  tlie  treatment  i:^  is 
purely  symptomatic;  general  stimulants  should  be  gtvenr-»-:^n. 
because  the  danger  in  digitalis-poisnning  is  mainly  on  acz^jsc- 
count  of  its  action  on  the  medullary  centers;  or,  at  leasf-^^str 
very  little  can  be  dnne  for  its  action  on  the  heart.  If  thr^  jihe 
blood-pressure  is  high,  one  may  counteract  the  constrictio«z> ^on 
of  the  vessels  by  nitroglycerin. 
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The  first  stage  of  the  digitalis  action  is  the  only  one  ir«-  11^ 
tentionally  induce<l  for  therapeutic  purposes.  In  order  t  ""  10 
appreciate  its  indications,  it  will  be  well  to  recall  its  ph  .«^«3he- 
nomena.     These  are: 

1.  Slowing  of  the  heart,  with  systole  and  diastole  bor 
lengthened. 

2.  Increased  strength  of  Wat,  leading  to  greater  efficients 
of  the  individual  contractions,  and  to  an  increase  in  the  tot  :^  ^^^1 
efficiency  (greater  outflow  per  unit  of  time  and  greater  pn 
sure).     This  effect  is  most  conspicuous  on  the  left  ventrici 
less  on  the  right,  least  on  the  auricle. 

3.  A  tendency  to  the  systolic  phase. 

4.  A  rise  of  blood  pressure,  due  mainly  to  the  increase*^ 
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"action  of  the  heart,  but  partly  also  to  a  vasoconstriction. 
In  consequence  uf  the  latter,  there  is  somewhat  increased 
resistance  in  the  circulation. 

In  consequence,  digitalis  is  indicated  in  all  conditions  of 
rapid  pulse  icith  loii.'  blood  pressure.  It  is  especially  useful 
in  valvular  disease  of  the  heart  by  causing  compensation,  by 
preventing  the  retlux  of  blood,  and  by  relieving  conges- 
tioru 

In  order  to  understand  the  manner  of  its  action  in  tliese 
conditions  it  will  be  well  to  briefly  review  the  [ilienomena 
prr)duced  by  these  lesions  on  the  simplest  case,  viz.,  mitral 
insufficiency. 

The  diagram  ( Fig.  89)  will  sen'e  to  illustrate  these 
points.  When  an  in- 
sufficiency of  the  mi- 
tral valve  exists. — 
when  this  cannot  close 
the  auriculo-ventricu- 
lar  orifice, —  the  ven- 
tricular systole  will 
not  empty  the  entire 
contents  of  this  cham- 
ber into  the  aorta;  a 
part  of  the  blood,  in- 
stead of  taking  the 
normal  path  through 
the  greater  circulation, 
will  be  pumped  to  and 
fro  between  tlie  auri-  ^"'-  '"-D"'^'"  <"  ";"'"'-'>• 

cle  an<!  ventricle.  What  will  be  the  result?  Following 
the  direction  of  the  stream,  there  will  be  throughout  the 
circulation  a  lessened  amount  of  arterial  blood,  winch  im- 
plies lessened  nutrition.  All  tlie  t)rgans  will  perftjnn  their 
functions  less  thoroughly  on  account  of  this.  The  heart 
muscle  will  become  weaker  through  the  lessened  coronary 
circulation.  There  will  be  a  tendency  to  degeneration  of 
its  muscular  fibers.  The  kidneys  will  secrete  less  urine. 
The  anemia  of  the  intestines  will  interfere  with  digestit^n 
and  absorption.  There  will  be  a  similar  interference  with 
the  nutrition  of  the  liver  and  with  its  functions. 

In  the  reverse  direction,  the  reg;;rgitation  of  blood  from 
the  ventricle  into  the  auricle  will  oppose  the  emptying  of 
the   pulmonary    veins.     This   produces  congestion   of   the 
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lungs;  the  amount  of  blood  flowing  through  the  Umgs  will 
l>e  diminished,  consequently  less  oxygen  will  be  carried;  ^^ 
that  the  arterial  blood,  which,  as  we  noticed  before.  waS 
tliininished  in  amount,  will  also  be  diminished  in  oxygeiut-- 
ing  j)ower.     This  congestion  of  the  lungs  tends  to  pulmc>^ 
nary  effusions  and  edema. 

The  passive  congestion  will  not  stop  here,  but  extend  t^^^ 
the  riglit  ventricle,  to  the  right  auricle,  thence  to  the  hepali  "^ 
circulation,  and  to  all  the  abdominal  viscera.  The  verum  ' 
congestion  interferes  with  the  nutrition  and  functions  of  ih  — < 
organs,  f  The  function  of  the  kidney  can  be  witirel—  J 
stopped  by  ligating  the  veins  coming  from  it;  and  the  unii"  ^ 
flow  varies  with  the  rapidity  of  the  circulation  through  ^J'*^^ 
kidneys.)  This  venous  congestion  also  leads  lo  etlciman^^ 
effusion,  just  as  does  ligation  of  the  veins. 

The  valvular  defect  therefore  interferes  iciih  mitrxtm  >' 
three  ncays:   By  tin*  lessened  amount  of  blood  tfiroum  tntt 
the  aorta;  by  t/w  lessened  oxygenating  potuer;  and  by  tl 
venous  congestion. 

The  heart  is.  perhaps,  the  first  organ  lo  suffer  under  th< 
conditi<tns.  Consef|uently  it  will  become  weaker  and  weak 
er,  and  in  becoming  weaker  it  will  reiuler  the  cf»ndili"»5 
worse,  establishing  in  this  way  a  kind  of  endless  chain,  a  ctf — 
cuius  viciosus.  Further,  the  edemas  will  interfere  meclun^ — 
ically  with  the  movements  of  the  heart. 

These  are.  in  brief,  the  conditions  which  have  to  Ik  mci  — 
This  the  heart  itself  attempts  to  do  by  hypertrophy,  ami  a^ 
long  as  the  h\i>ertrophy  is  sufficient  it  is  useless,  and  may 
even  be  harmful,  lo  employ  any  drug.     But  let  us  supi*'!^^^ 
tliat.  from  any  cause,  the  compensation  has  become  insutii— 
cient.     This  may  l)e  from  extra  work  thrown  u|Kin  the  heart  - 
from  an  extra  congestion  through  a  cold,  or  from  any  nthc«" 
cause.     As  has  been  seen,  even  a  temporary'  deticiciKV  w^  ^ 
lead  to  a  continuous  and  ever-aggravating  chain  of  5yni'»  ' 
toms.  and  herein  lies  its  danger.     This  may  l>e  prevcufL   * 
by  digitalis,  or  the  chain,  if  already  started,  may  be  broker^ 
by  it.  and  reversed.     It  will  1^  remembered  that  the  thcQ' 
peutic  action  of  digitalis  results  in  stronger  contractions  'J* 
the  heart,  in  prolongwl  phases  of  systole  and  diastole  an^ 
in  consequence,  in  a  rise  of  blood  pressure.     If  the  heart 
contracts  more  slrongly  —  and  we  take  this  to  l)e  ihc  prin- 
cipal action  of  digitalis  —  a  larger  amount  of  bloo*" 
tlirown  into  the  aorta  and  coronary  circulation,      i 
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effect  will  be  an  improved  nutrition  of  the  heart.  This  in 
itself  will  again  cause  the  heart  to  contract  more  ixjwerfully. 
and  an  endless  chain  of  improvemetil  will  replace  that  of 
weakening.  The  ionic  action  —  the  fact  that  the  digitalis 
tends  to  produce  a  permanent  systolic  c<jndition  —  aids  in 
this  result  in  that  it  narrows  the  rings  of  the  valves,  brings 
them  together,  narrows  the  oritice.  antl  in  this  way  abolishes 
the  effects  of  the  distention  and  tends  to  lessen  the  insuffi- 
ciency. 

Since  the  heart  pumps  more  blorxU  the  whole  arterial 
system  will  be  difitended  and  more  blood  will  be  forced 
through  the  vessels.  In  tlie  case  of  the  kidneys,  this  will 
lead  to  an  increased  secretion  of  urine:  in  the  case  of  the 
intestinal  r)rgans.  to  improvement  in  digeslinn  and  absoqi- 
tion,  and  this  to  improvement  in  the  general  condition  of 
the  patient. 

The  venous  congestion   will   lend  to  be  relieved.     This 
relief  —  as,  in  the  reverse  case,  the  drag — will  fall  in  the 
first  place  up(»n  the  lungs,  and  bring  about  better  oxygena- 
tion.    The   lowering  ttf  the  venous  pressure  will  tend  to 
cause  absorption  of  the  effusions,  and  the  heart,  not  being 
interfered  with,  will  work  more  efficiently.     The  absorption 
of   the  efTusions  will   render  the  hloixl  more  watery;  and 
this,   with  the  other  actions  of  digitalis,  will  increase  the 
diniination  of  urine;  this  in  turn  will  facilitate  the  elimina- 
tion of  the  effusions.     So  that,  just  as  the  heart  went  down- 
Avard  by  the  interaction  of  the  different  causes  when  com- 
pensation became  insufficient  tt  will  continue  the  im]>rove- 
ment  through  the  interaction  of  these  same  causes  applied  in 
Tcverse  direction,  once  it  is  started  on  this  track  by  digitalis. 
The  oft-repeated  stimulation  of  the  cardiac  muscle  by  digi- 
talis also  favors  hypertri»phy  of  the  myocardium,  even  in 
normal  animals  (  \Vynn.  1904).     F"or  all  these  reasons,  the 
results  of  digitalis  are  more  or  less  permanent ;  they  last  even 
after  the  remedy  has  been  stopped.     All  that  is  necessary  is 
to   re-establish  comi>ensati^)n,  and  the  heart  may  l)e  relied 
iipt»n  under  ordinary  conditions  to  maintain  it.     After  com- 
pensation has  once  l»een  re-established,  the  employment  r>f 
dig^itahs  is  contraindicated.  from  the  fact  tliat  it  causes  C(^n- 
Mriction  of  the  blood  vessels.     Relapse  may.  of  course,  oc- 
cur through  the  same  causes  as  primary  insufficiency,  and 
>\ill  then  again  ref|uire  the  drug. 

The  vasoconstrictor  action  of  digitalis  would  seem  to  be  an 
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undesirable  side  action  in  its  emplinTiient  in  cardiac  dii 
for  it  must  increase  the  work  of  the  heart,  when  il  is  dcsirol 
to  make  this  as  light  as  possible.  It  must  also  tntcrtcrd 
very  seriously  with  the  diuretic  action.  The  less  cunstnc-^ 
tiufj  meml>ers  of  the  group,  notably  digilalein  and  strophan-j 
thus,  have  tlicrefore  been  preferred  by  some;  or  ibc  coih 
striction  may  be  counteracted  by  the  simultaneous  nsc  of 
nitrites  ( which  must  be  given  much  more  frequenllT  ihin 
the  digitalis,  since  their  action  is  less  lasting).  Clioial 
evi<lence  is  somewhat  c*-jntradictory  on  this  point;  it  sctBB 
certain  that  strophanthus  sometimes  fails  when  digitalis  sac- 
ceeds.  and  vice  versa.  It  is  quite  possible  that  soraetimei 
the  increase  of  blood  pressure  is  of  more  importance  than 
the  added  resistance  to  the  heart;  whilst  in  other  cases,  the 
oppt)site  is  true.  However,  it  seems  fairly  certain  that  ihd 
vasoconstrictor  action  is  contraindicated  when  the  cardiaQ 
disease  is  complicated  by  nephritis,  i 

Other  forms  of  insufficiency. —  What  has  been  said  in  IM 
gard  to  the  action  of  digitalis  on  mitral  insufficiency  appltesj 
with  equal  force  to  insufficiency  anywhere  else  in  the  cirai- 
lation ;  for  since  the  circulation  is  a  closed  system,  it  doca 
not  matter  greatly  where  the  additional  force  is  applietl  or* 
wliere  the  leak  is  —  the  result  will  in  all  cases  be  nearly* 
the  same.  Digitalis  is  similarly  useful  in  most  cases  ot 
stenosis.  The  increased  resistance  in  this  case  leads  to  tlie 
same  results  as  the  leakage  in  the  case  of  insufficiency,  and 
can  he  combated  by  the  same  method ;  viz.,  by  strcngtheninff 
the  heat  nf  the  heart. 

The  only  valvular  disease  in  which  digitalis  may  ^ve 
unfavorable  results  is  mitral  stenosis.  It  will  l^e  rcnicm-^ 
bered  that  digitalis  acts  comparatively  weakly  upon  the 
auricles,  nuich  more  strongly  on  the  ventricles.  Conse- 
quently a  mitral  stenf»sis  cannot  be  affected  by  action  'in 
the  left  auricle,  hut  only  through  the  right  ventricle.  Thi* 
increased  work  of  the  right  ventricle,  combined  yalh  th€ 
stenosis  of  the  mitral  valve,  will  tend  to  produce  congestion 
of  the  puhnonary  vessels,  consequently  to  lessen  the  os)'- 
genation  of  the  blood,  and  in  this  way  may  interfere  with 
the  nutrition  of  the  heart.  Then,  again,  the  systolic  ten- 
dency of  the  digitalis  will  render  the  stenosis  more  marked* 
just  as  it  counteractetl  insufficiency  by  approaching  the 
valvides.  On  the  other  hanfi.  the  cardiac  slowing  will  p^ 
the  lungs  more  time  to  empty  into  the  heart.     Some 
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ditions  of  the  action  of  digitalis  are  therefore  favorable, 
others  unfavorable;  and  the  effect  upon  patients  is,  in  con- 
sequence, variable.  Some  cases  of  mitral  stenosis  are  bene- 
fited by  digitalis,  others  are  even  made  worse.  The  digi- 
talis must,  therefore,  be  carefully  watched,  aiul  if  it  is  seen 
that  the  symptoms  are  not  improved,  it  shmild  be  nmitted 
and  replaced  by  other  remedies:  If  the  symptoms  arising 
from  low  blood  pressure  jiredominate,  it  would  be  well  to 
employ  vasrxronstrictors ;  if  those  from  a  weakened  heart, 
vasodilators. 

Another  Cfmdition  in  which  caution  in  the  use  of  digitalis 
is  recommen<ied  is  aortic  insitfficicticy.  It  is  said  that  in 
this  condition  the  prolonged  diastole  will  give  the  blood  in 
the  brain  a  chance  to  gravitate  back  into  the  heart,  and  thus 
produce  syncope.  It  is  tlifticiilt  to  say  just  how  much 
weight  can  be  placed  on  this.  At  any  rate,  it  would  justify 
the  caution  (»f  keeping  the  patient  in  tel  so  as  to  avoid  the 
upright  position.  No  harm  will  be  tlone  by  this;  on  the 
contrary,  the  rest  can  only  be  lieiiefKial. 

The  i')ccurrence  of  synco])e  on  changing  suddenly  from 
the  prostrate  to  the  upright  position  is  not  rare,  under  the 
influence  of  digitalis,  even  with  fither  lesions;  the  patient 
should  be  cautioned  as  to  this.  The  mechanism  of  this  phe- 
nomenon is  obscure. 

It  must  be  remembered  that  the  most  useful  effects  of 
digitalis  are  produced  by  a  stimulation  of  the  cardiac  mus- 
cle. As  a  result  of  the  l>etter  nutrition  produced  in  this 
manner,  the  muscular  fibers  may  afterward  hyj)ertrophy. 
or  ne^v  fibers  may  possibly  be  formed;  but  the  primary  ac- 
tion of  digitalis  itself  is  cotjfined  to  the  already  existing 
muscle;  consequently  it  wilt  be  nf  nr»  use  if  there  is  prac- 
tically no  muscle  left  to  respond  to  it.  Tt  is  therefore  use- 
less with  a  heart  which  has  undergone  marked  fatty  de- 
generation. And  in  this  condition  it  is  even  contraindi- 
caterl,  on  account  of  the  vasoconstriction.  rn)bab1y  the 
best  treatment  consists  in  the  attempt  to  favor  the  oxida- 
tion and  removal  of  the  fat  by  carefully  graduated  exercise. 
Regarding  the  use  of  digitalis  in  oficurysm:  the  sudden  dis- 
tention of  the  aneurysmal  sac  by  a  larger  mass  of  blood, 
which  would  be  the  result  of  digitalis,  is  exactly  contraindi- 
cate<i.  The  only  reason  why  digitalis  has  not  done  more 
harm  in  this  way  is  that  it  has  not  generally  been  used  in 
large  enough  doses  to  have  a  marked  effect. 
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Whilst  the  favorable  action  of  digitalis  on  the  heart  15 
most  pronounced  in  organic  lesions,  it  lias  also  a  considera- 
ble value  in  functiomil  diseases,  arythmia,  palpitation*  etc, 
and  when  the  heart  is  depressed  by  iK)isons.  It  will  be  re- 
called that  these  effects  are  also  seen  in  animals. 

Digitalis  is  sometimes  employed  in  fczTrs.  In  a  number 
of  these  —  e,  g.,  in  diphtheria  —  the  heart  is  directly  weak- 
ened in  a  manner  which  would  be  exactly  counteracted  l>y 
digitalis.  Here,  also,  the  vasoconstriction  is  contraindi- 
cated  (unless  there  is  also  vasomotor  paralysis,  as  is  offe«'' 
the  case).  In  certain  fevers  the  heart  is  very  much  quicJ^' 
ened,  but  without  any  weakening.  These  would  not  r^" 
quire  digitalis,  but  rather  aconite. 

The  vasoconstriction  itself  may  l>c  valuable  irt  some  nn"*  " 
ditions.     In     acute    vas<xonstrictor    paralysis  — as    fror*" 
shock  —  strychnin  would  be  more  useful,  since  it  acts  mor 
quickly.     Digitalis  would  only  be  preferred  against  mor 
persistent  vaso-paralysis,  such  as  that  producing  one  to 
of  dropsy. 

The  local  actions  are  employed  in  very  few  members  0 
the  group:  in  the  case  of  squills,  as  a  diuretic  and  nauscan 
expectorant;  and  in  the  case  of  euonjonus  (wahoo),  as 
cathartic. 

Admistration. —  Digitalis    is    ordinarily    administered  b; 
mouth,  in  the  form  of  the  tincture  or  infusion,     o.io  t 

0.20  Gm.  (iVj  to  3  grs.)  of  dnig  ( i  c.  c.  (15  TH.)  of  Tinct^ ' 

=  8  c.  c.  { 2Z  of  infusion]  are  given  two  or  three  times  ^^ 
day.  continuing   for  ten  days,  then  intermitting   for  four"^ 
days,   to   avoid   cumulative  action.     The  dosage  may  b^^ 
gradually  diminished.     The   administration  must   be  s«s — - 
pended  if  gastrointestinal  symptoms  occur,  or  if  the  fwls^^" 
becomes  fast.  hard,  and  irregular.     The  patient  should  b^^ 
seen  at  least  daily.     If  the  drug  is  not  borne  by  the  stomach  - 
it  may  be  used  by  enema  (o.l  to  0.6  Gm.  in  50  c.c.  o» 
water,  once  a  day). 

The  therapeutic  use  of  the  isolated  digitalis  coustitufttt^ 
has  l>een  strongly  endorsed  by  some  clinicians,  whilst  others 
do  not  favor  them. 
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VTTT.  MATERIA  MEDTCA. 

I.  DiKitalls  (US?)  [Di^iUlIt  Foil*.  B/P^.—  Foxgioic-Vt 
leaves  of  the  second  year's  growth  of  Digitalis  purpurra,  Sef<:>phoU* 
riaces;  Europe  (nnd  cnhivatcil). 
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The  activity  of  differeni  commercial  samples  of  Digitalis  varies 
enormously.  Of  two  lots  under  examination,  one  was  /5  times  [I]  as 
strong  as  another. 

Digitalis  leaves,  cultivated  in  the  United  States,  arc  fairly  active. 

Dose:  0.065  Gni.  =  l  gr.   (U.S.  P.). 

Other  species  of  digitalis  are  also  active. 

Extractutn  Digitalis  (U.  S.  P.). —  The  fluidextract  evaporated  to  a 
pilular  consistence.     Dose:    10  mg.^l/^  gr.   (U.S.  P.). 

Fluidextractum  Digitalis  (U.  5.  PJ.—  Half-alcohol;  miscible  with 
water  and  alcohol.    Dose:  0.05  c. c.  =  i  X^.  CU.  S.  P.). 

Tincturo  Digitalis  (U.  S.  P.,  10%  ;  B.  P-.  I2j^%)  ;  half-alcohol;  misci- 
ble with  water  and  ale.  Dose:  o.j  to  1.5  c.  c.  (5  lo  jo  m..)  t  c.c.= 
15  ni.,  U.S.  P. >.     Used  mainly  for  cardiac  action. 

Infustitn  Digitalis  (U.S.  P.,  B.  P.). —  1.5%.  Dose:  410  15  c.  c  (I  to 
4  drachms)  (8  c.c.^25.,  U.S.  P.).  This  preparation  must  not  he 
boiled  (boiling  for  three  hours  destroys  the  activity  almost  entirely). 
Used  mainly  fur  diuretic  action. 

a.  DigttAlis  principles:  On  account  of  their  expense  and  the  in- 
solubility of  the  greater  number  in  water,  they  have  not  received  exten- 
sive trial.  It  seems,  however,  doubtful  whether  they  are  at  all  superior 
to  the  galenic  preparations.  The  "  principles "  on  the  market  are  for 
the  most  part  prepared  from  the  seed.  They  are  generally  impure 
mixtures. 

Of  the  many  that  are  sometimes  recommended,  the  following  may 
be  selected : 

*  Digit oxin  (verum). —  Insoluble  in  water.  Dose:  0.3  to  0.6  mg. 
V/mm  to  '/«  grain). 

*  Digit  at  ein  (verum). —  Soluble  in  water  and  alcohol.  Dose:  1  to  2 
rag.   (Vm  to  Vw  grain). 

*  Digit alinum  Gemtanicttm  (mi.\turc). —  Soluble  in  water  or  alcohol. 
ZJose:  1  to  z  mg.  ('/«  to  Vn  grain).     (Large  doses  of  digitalin  (ji  mg) 
<^au4c   hyperpyrexia  to  4°   Q.    The  cause  of  this  is  not  known,  but   it 
•may  be  due  to  a  local  action.     Such  doses  would  be  dangerous.) 


3-  Plants  from  Family  of  Apocynacece: 

Strophanthus  (U.S.  P.)  \StrofhaHthi  Sefuina,  B.  P.|.— The  ripe 
«d  of  Strophanthus  Kombe.  Central  and  western  Africa  (used  by 
Ltives  as  arrow  poison)..     StrophanlhiTi,  etc. 

Other  species,  some  entirely  devoid  of  glucosids  or  action,  are  some- 
cs  substituted   for  these. 

Tinctura  S.   ( U.  S.  P..   10%:  B.  P..  a^<%);  two-thirds  alcohol:  mis- 
•rale  with  water  and  alcohol.     Dose:  0.3  to  0.6  c.  c.   (^  to  10  minims) 
_5  c.c.  =8   t?l  .  U.  S.  P.).     Seems   to  deserve  preference  over  Digi- 
H  js  for  all  purposes. 

xtractum  Strophanthi   (B.  P.). —  Dose:  0.015  to  0.06  Gm.   {Vx  to  1 
in). 
-^trophanthimtm    (U.  S.  P.). —  A    ghicosid,   or   mixture   of  glucosids. 
■Rained  from  Strophanthus.     Most  samples  consist  largely  of  pseudo- 
»-<iphanthin,   which  is   nearly  twice  as  active  as  the  true.     Dose:  0.3 
«C='/^  gr.    (U.S.  P.). 
--^pocynurn   (U.S.  P.)- — Canadian  Hemp. —  The  root  of  Apocynum 

^  Other  species.     North  America. 

-fluidextractum   A.    (U.S.  P.). —  Two-thirds  alcohol,   with   glycerin. 

Nof  official. 

Materia  Mcdica  Lesion   38. 
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Miscibic    with    water    and    alcoliol.     Pose:    0,3    c.  c.    (5    minirosi;  »* 
emetic.  1  to  2  c.  c.  { 15  to  30  minims)    (i  c.  c.  =  15  JT^,,  U.  S.  Pj. 

■  Oleander. —  Leaves  of  A'rnum  Oleander,  Mediterranean.  01c* 
drin.  Since  thi5^  tree  is  often  cultivated  as  an  omameul,  it  may  gi 
rise  to  accidental  poisoning. 
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4.  Famity  of  Liliacea: 

ScilU  (U.S.  P.,  B.  P.).— 5(/iiW/i.— The  bulb  of  Urgineo  monUf^ 
Mediterranean.  Scilliloxin,  etc. :  mucilage.  May  be  administered  sm 
*  infusion,  i  .20.     Dose  of  infusion:  1.5  10  5  c. c.  (J/^  to  i  J4  draclm»_ 

.•icetum  S.  (US,  P..  10%;  B.  P..  i2.s%).^Dosc:  0.6  to  3  c  c  (■ 
to  4S  minims)    (i   c.  c.=  i5  ni..,  U.  S.  P.). 

Fluidcxtractum   S.    (U.  S.  P.)— Diluted  aeeti'c  acid.    Dose:  Oj06  ■ 
0.J  c.  c.  (1  to  5  minims)   (0.1  c.  c.  =  i!'i  T^.,  U.S.  P.). 
*lnfusion.  i  :  20.     Dose  of  infusion:  \.^  to  5  c. c.  (J^  to  I'A  drachnw 

Tiuctura  S  (V.  S.  P.,  10%;  B.  P.,  20%) ;  three-fourths  alcohol.  Dosm 
0.3  to  2  c.c.  (5  to  30  minims.)  (i  c.  c.=:i5  ni.,  U.S.  P.).  Be*i  itt^ 
aration  for  diuresis. 

SyrupMs  SciiU  (U.  S.  P.,  B.  P.).— 4.5*^   Ccontain*  acetic  acid).  Dium 
2  to  4  c.c.  (V5  to  I  drachm)    (2  cc.  =  30  ni.,  U.  S.  P.) ;  best  prtpar 
tion  for  nauseam. 

Syrupus  SciUtr  Comp.    (U.  S.  P.).— (Hive   Syrup.) — Contains  Anl 
mony   (sec  Index). 

O.rvmW  Scilla  (B.  P.).— 10%.     Dose:  a  to  4  c.c.   (M  to  I  drachm 

PHuh  Scilitt  Comp.  ( B.  P.).—  Contains  Ginger  and  Anrnionia-- 
Pitsr:  0.25  to  0.5  r»m.   (4  to  8  grains). 

Fihiia  IpccQCMQnhiF  cum  Skilla  (B.  P.). —  Contains  5%  each  of  Opin* 
and    Ipecacinnha,     Pose:  o.JS  to  o.S  Gm.    (4  to  8  grains*.  ^^ 

Convallaria  (U.  S.  P.).— /.iVy  of  the  yalley—The  root  of  ("(wr*-^ 
hria  majalis;  Europe,  cultivated.  Convallamarin  (di^itali^  act)0(»  - 
and   Convallarin   (saponin  action)    ( Pouch et  and  (Thcvalier.   IQOJ) 

Fluidextractum   (  U.  S.  P.). —  Two-thirds  alcohol.     Dose:  aj  to  1  C 
(5  to  15  minims }    (0.5  c.c. ^8  n^,.  U.S.  P.). 

*  F.xtnutum  C    Fliiruin   Ftnidum,  N.  F, 

*  Potygonatum. —  Solomon\  Seal. 

*  Smilacitia. —  False  Solomon's  Seal. 


5.  Family  of  Rannucultieea: 

*  Helleborua  niger.—  The  root :  Europe.    Helleborein.  Hellcborin 
The  former  is  Soluble  in  zvater  (insoluble  in  glcohol)  and  holds  ftri* 

promise  for  hypodermic   administration.     Dose:   HcIIcbnnis,  0.3  to  t 
Gm.   <5  tn  20  grains);  Helleborein,  aoi  Gm.  (%  yrain) 

*  Adonis  vernatis. —  Europe. 

*  .'idonidin. —  Soluble   in    water   and   alcohol.    Dose:  0.005   lo  ojo\ 
Gm.   (Vii  to  %  grain). 


6.  Oth>'r  Families: 

•  Erythrophleum. —  The  bark  of  E.  guineense.  Legnminosse ;  Afn 
(Sas.sv  Bark) 

•  Tinclura  ^.—  10%.     Pose:  0.3  to  0.6  c.  c.  (5  to  10  minims) 

•  Hrythrophlein. —  Soluble   in    water  or  alcohol.     Dose:   aoi 
Gm    ilt  to  I  grain). 

Euonymus    (V.  S.  P.). —  li'ohon. —  Root-bark.      Fuonymus    o'l 
pureus.  Celastrinex:   North   America,    *  Other  species.     Dose 
Gm.   ( V J  to  I  drachm). 

•  Nol    official. 
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Irtrartvm    Euonymi    (U.  S.  P.).— Powdered;    four   times   as   strong 
the   fluidexl.     Dose:  0.1    lo  o.j  Gm.    (2  to  5  grs.)    (0.125  Gm.  =  a 

s,,  f,  S.  P.). 

Fiuidcxtractmn    Euonymi    (U. S.  P.)-—  Fourvfifths    alcohol.    Dose: 

I  e.c.=8  m.    (U.S.  P.). 

•£/i>ir  £..  N.  R—  15%.    Dose:  15  c.  c.  (Vi  ounce). 

*  Euonymin. —  Dose:  0.03  to  0.2  Gm.  (!4  to  3  grains). 

Euonymus  preparations  are  used  as  purgatives. 


t 
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CHAPTER  XXIIL 


JIGOT  AND  SAPOTOXIN  GROUPS;  SUMMARY 
OF  TREATMENT  OF  COUGH. 

(A)  ERGOT  GROUP.' 

I.  THE  COMPOSITION  OF  ERGOT. 

le  composition  of  ergot  is  even  more  obscure  than  that 
digitalis.  It  contains  at  least  tliree  active  substances. 
th  distinct  actions;  but  these  are  difficult  to  isolate,  since 
2^  are  amorphous,  and  devoid  of  well-marked  chetnic 
*^ractcrs.     Moreover,  they  are  very  unstable. 

■^j^bert  (18S4)  named  these  principles:  (i)  ergotinic  acid  isclero- 
ic^  add),  a  nitrogenous  glucfisid  possessing  an  action  similar  to  that 
^^potoxin ;   (2)  an  alkaloid  contulin.  which  has  a  convulsive  action 

*  Tar  ro  picroioxin.  and  a  vcratrin  action  on  muscle:  (3)  a  resinous 

r'roKcnous  principle,  s/^hacelinic  acid,  responsible  for  (he  gangrene 

litcnnc  effects. 
^cxttjj  11897').  whose  conclusions  are  now  generally  accepleil.  agrees 
*^«crKoiinic  acid  and  cornulin  of  Robert;  but  it  would  .seem  that  this 
**uiin  is  a  mixture  of  alkaloids.  Jacobj  also  found  another  alkaloid, 
*>'»ii.  which  in  itself  is  inactive.  The  sphacelinic  acid  of  Kobert  is 
'«»<i  (o  be  a  mixture.     He   isolated   from   it   two  elementary  princi- 

*  '   sphocelotoxin  and  ergochrysin.     These  do  noi  exist  in   the  drug 
^    free  Mate     The  sphacclotoxin  exi^l-i  combined  with  ergochrysin 

Chr>sotoxin " :  with  secalin.  ai^  "  Secalintoxin."  The  follnwing 
'^1«  will  serve  to  make  clear  our  present  knowledge  of  the  Ergot 
W»dples :  ■ 

^n  the  crude  dnig,  these  principles  decompose  very  read- 
"V;  the  activity  is  very  materially  diminished  when  the 
^'rii^has  l)een  kept  a  year,  and  it  must  therefore  be  renewed 
annually.     The  extracts  of  ergot,  when  carefully  prepared 

■     'tf    Erifiit    into    Thpr.ipeutic*    appears    of    fairly    rwrnl    lUlr. 
ii«   tisc    i*    founif    in    Ilie    sixteenth    century. 
\  ■     .  ■■■:.*■  Uulatrd  a  walcr^oluble  product,  Chvin,   which  it  claimed 

ttbrfiiM    cuiitraciians,   bat    not   convuliion*    or   fanyTrnc. 
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TABLE  XII.— COMPOSITION  OF  ERGOT. 
(Inactive  in  brackets.) 


KoBEfiT. 


jACoaj. 


Jacobj. 


Pritnary 
ConstiiiienL 


Lonsc 

Compound! 


§§ 


S  9Z 
U 


Ergotinic  Acid' ' 
n  i  t  rogenous  glu- 

cosid-   Sapotoxin 

action. 


Accepted. 


c  ^ 

■"  E 

•3  (13       ' 

ij  V.    C 

C  £.£ 

^  Z  ~ 

tf  C  tj 

U 


Cornutin-  * 

alkaloid  of  coriviil 
sant     action 
(probably   not   a 
single    sub- 
stance 1. 


Accepted. 
[S e c  a  It  n^    inac 
tive.] 


U    4^    g 

C      k-      O 

U    C   U 

^^ 

u 


Sfhacetinic  Acid: 
N  -  free  resinous 
mixture  with 
gangrene  action 
(is  a  mixture  of 
the  active  sub- 
stances of  Ja- 
cobj). 


Sphacclotoxin:  N- 
frec  resin,  true 
active  gangrene 
substance. 

{Erfiochrysin:  N- 
free  inactive 
resin.] 


Ckry- 
sotox- 

in 
active. 

tin 

toxin 
nctivc. 


Ergo- 
chrvsi 

Sphacer" 
toxin. 

Sphacef^ 

toxin 
Secalin 


from  the  fresh  drug,  seem  to  keep  much  better;  howcv 
many    worthless    preparations    are    foimd   on   the  mark" 
These  can  only  be  discovered  by  physiologic  tests,  i.  e,,  t 
blackening  of  the  comb  of  a  rooster. 


II.  SUMMARY  OF  ACTIONS  OF  ERCK)T. 

Notwithstanding  the  radical  differences  in  the  actions 
the  separate  principles  of  ergot,  practically  all  samples 
the  drug  produce  similar  effects,  namely,  those  of  sphace" 
toxin.     This  evidently  predominates  over  the  other  constil 
ents.     These  actions  may  be  summarized  as  follows: 

I.  Stimulation  of  unstripcd  muscle,  partly  central,  fc 

*  Sclcrotinic  Add.  '  Erffotinin. 
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linly  peripheral,  the  action  being  exerted  on  the  gangli- 
kr  c^ls  or  preganglionic  endings.  This  in  turn  produces : 
^,  C^oniractions  of  the  Uterus,  especial  lly  when  pregnant 
a.clir^g  to  abortion);  these  are  intermittent  with  small 
ies*  "tonic  and  persistent  with  large  doses. 
i.  r -Vasoconstriction,  differing  in  extent  in  different  areas, 
feci^lly  powerful  in  the  pulmonary  vessels. 

tX^'ith    large  dtises,   and    in    suscejUible  animals,    this 
t:<j  gangrene,  especially  in   peripherally   situated  or- 

i     XX'hen  rapidly  injected,  a  primary  depression  and  seC- 
lary     stimulation  of  the  cardiac  muscle. 

(i  i  ' Gmiting  and  increased  peristalsis. 
*  Tlie  changes  of  circulation  lead  to  affection  of  the 
\ll^€wi  ncn'ous  system.  These  arc  necessarily  variable, 
8  3^T"e  further  complicated  by  a  direct  depressant  action 
spl'ia.celotoxin,  and  a  medullary  stimulation  by  cornutin. 
8.    X_arge  doses  paralyse  the  vasoconstrictor  endings. 


f*n»e  ^-ctions  on  the  uterus,  intestine,  and  central  nervous  system  are 
^en  *5*  ^H  animals.  The  effect  un  the  blood-pressure  is  more  varia- 
fle;  *rfc^    gangrene  is  only  produced  in  a  few  susceptible  species. 


tte;  ^™ 


III.  DETAILS  OF  ACTION. 

vJtftrng. —  Yhe  action  is  sufficiently  indicated  in  the  sum- 
^^^^ '  it  can  be  induced  after  the  nervous  connections  of 
the  ""^rgan  are  severed,  so  that  it  is  at  least  partly  peripheral. 
^^nen  aflministered,  in  appropriate  doses,  near  the  end  of 
P^.^niancy,  it   leads  to  a  normal  expulsion   of  the   fetus, 
^^''^*^ut  injury  to  mother  or  child.     It  is  therefore  largely 
HPPloyed  in  obstetrics.     When  it  is  used  earlier  in  preg- 
"^^y.  much  larger  doses  are  required.     These  produce  a 
^nic  spasm,  a  systolic  tetanus,   of  the  uterine  muscles. 
.    'ch  may  c\-en  prevent  the  expulsion,  and  may  terminate 
"  '^Jpture  of  the  viscus:  they  are  almost  certain  to  asphyxi- 
^  the  fetus.     The  uterine  action  is  also  utilize<l  to  prevent 
*-^  t'hcck  postpartum  hemorrhage:  the  prompt  contraction 
'^^  *W  muscle  closing  the  uterine  sinuses. 

"lood-Pressure.* —  The    circulatorv    effects    of    ergot    in 

martitnals  vary  with  conditions.     When  the  drug  is  taken 

mouth,  or  iniccted  h}'podermicalIy.  it  causes  a  rather 
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short  and  insignificant  rise.  If  the  injection  is  made  in- 
travenously, this  rise  is  preceded  by  a  much  larger,  short 
fall. 

The  rise  on  hypodermic  injection  amounts  in  animals  X.o  but  to  or 
20  n\_TT|^.  of  mercury,  and  persists  for  only  a  few  minulcs;  it  is  ofttn 
entirely  absent.  Il  is  too  small  to  decide  the  site  of  its  production 
Intramuscular  injection,  and  probably  oral  administration  produce  Ih* 
same  results.  (It  is  possible  that  .the  rise  is  somewhat  larger  and 
more  persistent  in  man,  but  this  cannot  be  affirmed). 

^^^^^^^ 


r 


ife/,.  •.um 


L 


Fio.  Qo.— trgot    on    blood-prcaeure     (i)     ami    heart     O);    l>o«.      i^^ 
•lie.)     The   ab«ci»M   currcsfmnds   lo    zero   bl(M)«J-prci»urc.      Infravrnmit  inirdi  ^^^^^ 
A  =s  B.     The    timc-niJtrks    equal     15    seconds.     Ihc    strength    of    ihe    heart   o<_— -^ 
sponds   to   I  he   btood-preuure. 

When  the  injection  is  made  intravenously,  the  rise  t5  aliout  the  s^-    -^     j| 
hul    it    IS    |)receded    hy   a    short   but    severe    fall    of   pressure    f^o^  ^ — .  ' 
6q  n^TTl  ).     This  fall  is  very  constant  and  characterislic  (FijB.  90*.         -   -^c, 
figure    indicates    that   the    blood-pressnre   change*   arc   mainly   car(A  •       . 
Oncometric  experiments  prove  that  the  fall  of  pressure  depends  P"*^^V>' 
xipon  the  primary   (apparent)   cardiac  depre*ision:  whilst  the  second^*    j 
rise  involves  two  factors:  a  secondary  stimulation  of  the  lieart  an  V     — 
vasoconstriction     These    play   a    variable    role,    the   constriction    ^'L^ 
especially  variable:  in  exceptional  ca<*es,   it  may  raise  the  pressure    '^-^ 
40  10  70  ITint.:  but  always  very  briefly      There  is  some  evidence  l^^' 
the  vasoconstriction   is  produced  largely  by  stimulation  of  the  centf>'- 
!t  seems  to  be  more  pronounced  and  more  peripheral  in  the  pulmoiwf?'' 
vessels. 
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actions  are  also  seen  in  ihe  artificially  perfused,  excised 
'  arc  therefor  purely  peripheral. 

cts  of  ergot  on  the  circulation  are  subject  to  considerable 
variations;  ihcy  are  very  much  diminished  if  the  animal  has 
>d-pressiire.  Different  preparations  of  the  drugs  aUo  vary, 
■2a1l  of  pressure  being  emphasized  in  some,  the  rise  in 
^pt&c  of  the  erjiot  does  not  seem  to  modify  its  vascular 
m  it  destroys  its   uterine  action. 

gf  doses  of  ergot  paraly7e  the  vagus  center,  and  the  vaso- 
ings  (adrcnahn  becoming  ineffective,  whilst  barium  is  still 
ollmann  and  Brown;   Dale,   1905). 


ne  Action —  Whilst  the  action  of  ergot  on  most 
5scls  is  insignificant,  it  pruduces  a  very  powerful 
L>nged  constriction  of  peri])herally  situated  vessels 
stisceptible  animals.  The  action  is  so  strong  that 
I  stream  is  ahnost  arrested  ;  and  if  the  poisoning 
ntly  repeated,  or  chronic,  it  produces  thrombosis, 
Icgeneration  of  the  vessel  walls,  and  gangrene. 

^■s  can  be  best  studied  on  the  comb  of  tht  rooster}  In 
DOT  after  giving  the  drug,  the  tips  of  the  comb  become  cold 

even    black,   as   if   frozen.      Hie   effect   persists    for   several 

has  generally  disappeared  on  the  following  day.  If  the 
Eiven  repeatedly,  the  darkening  remains  permanently  and 
involves  the  entire  comb  and  the  wattles.  Evenlnally,  these 
1  undergo  gangrene  an<l  may  drop  nfF.  The  extremities  may 
iTolved :   in  one  experiment,  the  entire  wing  fell  off  after  a 

Different  roosters  arc  unequally  susceptible  lo  these  ef- 
omc,  the  comb  may  even  blanche.     (Similar  changes  in  the 

\w  produced  by  very  large  hypodermic  doses  of  cane-sugar, 
cantharidin,   or  chromic   acid.    All    these  produce  profound 

ihe  circulation.) 

quite  susceptible  to  the  gangrene  action  of  ergot.  They 
Mally  by  pustular  eruptions  on  the  skin;  the  ears  are  par- 
iscepiible.  Horses  and  caitle  show  similar  changes.  Man 
bicct  to  the  p^angrene,  which  begins  in  the  extremities.  The 
Mbr  an  enure  member  may  slough  off.  Doss  and  Rabbits 
Jp  be  susceptible  to  this  action. 

W  of  the  varying  susceptibility  has  nor  been  demonstrated. 
due  to  physiologic  pecidiaritics.  or  merely  to  anatomic  differ- 
P  gangrene  always  Ijcgins   in  those  situations  in   which   the 

is  weakest.     It   differs   in   no   essential    fri^m   gangrene  pro- 
ny  other  cause      It  may  he  drj*  or  wet,  according  to  whether 
wcteria  are  absent  or  present. 
■ry  Canal. —  The  same  stasis  is  found  in  the  vessels  of  the 

traet  It  leads  here  to  irritation,  and  in  verv  advanced 
cdiymosis.  ulcer  formation,  etc  The  ulcers  involve  particu- 
ymph    follicles,  in   which  the  blood   supply  is  poorest.    The 

lead  to  effusion  of  b|oo<I  into  the  lumen  of  the  intestine, 
ion  combines  with   the   direct  muscnUir   action  of  the  ergot 

violent  vomitittfc  and  PeristoUis      The  appetite  is  lost.     This 
ilimentary  canal  is  also  most  nrarked  in  the  animals  men- 
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tioned,  but  occurs  in  others.    The  liver  of  roosters  shows  peculiar  ^ 
generations,  resembling  amyloid. 

Central  Nervous  System.— This  is  affected  both  directly  and  m- 
directly,  and  the  effects  arc  correspondingly  variable  With  modcnW 
doses,  the  flow  through  the  cerebral  vessels  is  increased.  Small  do«» 
may  cause  medullary  stimulation  ( vagus-slowing ;  increased  rcspwJ- 
tion.  convulsions,  etc.)  through  the  cornutin.  The  sphacelotoxin  ^crcms 
to  be  purely  depressant,  so  that  large  doses  of  ergot  cause  d<at^  by 
medullary  paralysis.     It  has  a  narcotic  effect  for  roosters. 

IV.  ACTIONS  OF  THE  ISOLATED  PRINCIPLES. 

As  has  been  stated,  the  effect  of  the  ergot  and  its  ordinary  prcp^'^' 
tions  correspond  practically  to  those  of  sphacelotoicin  and  its  com- 
pounds. 

Chrysotoxin   (Dale,   1905)   in  moderate  doses,  stimulates  all  varirlie* 
of  plain   muscle,   whatever  the  source  of  their  innervation.     It  cau*<« 
a  large  and  prolonged  rise  of  blood  pressure:  the  heart  is  slowed   anc( 
strengthened ;   the   pupils   are  at   first   dilated,   then  constricted     Th« 
mall   intestine,   unnary-   and   gall-bladder   arc   at   first   inhibited,   thffl 
augmented.     The    uterus    contracts    strongly.    The    vasoconstriction  xi 
not  prevented  by  destruction  of  the  cord,  but  is  abolished  by  nicotic, 
indicating  its  ganglionic  origin. 

Large  doses  paralyze  the  sympathetic  endings  in  the  blood  vcwl* 
and  other  situalions,  so  that  they  do  not  respond  to  epinephrin,  wbich 
then  produces  vasodilation. 

Cornutin  seems  to  act  almost  purely  on  the  medulla,  its  effects  re 
scmbling  those  of  picrotoxin.     Its   injection   raises  the  blood' preav ^ * 
especially  during  the  convulsions.     This  action  is  central,     tt  doej  n*^ 
produce  the  preliminary  fall  noted  with  ergot.     It  has  no  direct  »rtio** 
on  the  hearl.  but  a  verairin  effect  on  skeletal  muscle. 

The  .statement  is  often  made,  particularly  by  pharmaceutic  chetiiif.t^» 
that  the  alkaloids  are  concerned  in  the  gangrene  and  uterine  oc/n'W  ^ 
but   this   is    denied,   on    sufficient   grounds,   by   all   competent   phanni'"^ 
cologists  who  have  investigated  the  subject.     The  apparent  results  ar^s^ 
■>robahly  due  to  traces  of  the  resins    (Santesson,   1902V 

Ergotinic  acid  has  a  typical  sapotoxin  action.    Taken  by  the  mo«J 
it  produces  no  effects  beyond  heal  irritation,  as  sapotoxins  are  nm  a' 
sorbed.     If   injected   subcntaneously   or   intravenously,   it   will   prwItK-- 
paralysis  of  the  central   nervous  system  and   of  protoplasm  gcnerall)^  ^^ 
It  causes  a  peripheral  paralysis  of  blood-vessels,  and  thereby  lo«tr 
the  blood-pressure. 


V.  TOXICOLOGY.— CHRONIC  ERGOT.— POISONING. 

Acutely  fatal  poisoning  by  ergot  is  rare  in  man.     Mof-^^ 
commnnly,  the  intoxication  runs  a  protracted  course.  c\'C«f^* 
when  it  is  produced  by  a  IarE;e  sinp^le  dose.     The  phenonie"  ^ 
na,  then,  agree  with  those  of  chronic  poisoning.  ■ 

This  chronic  poisoning  by  ergot,  "*  trgolism"  was  formerly  veij  t^^ 
quent   endcmically  in   consequence   of  the   prewncc   of  ergot  in  flw'^^ 
Krgot  is  a  fungus  which  grows  upon  rye;  and  if  special  precauti«if»^  *^ 
not  taken  to  destroy  it.  it  is  very  apt  to  t»ccome  mixed  with  the  g^"^ 
in  threshing  and  is  ground  up  with  the  flour.     In  this  way  the  porw*^ 
tion   of  large   Iracts   of   country   have   been   poisoned.     The   last  iJ't^ 
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epidemic  in  the  United  States  occurred  in  New  York  in  J825.  Since 
tlie  cause  has  been  recognized  these  epidemics  have  been  less  frequent, 
but  in  Russia  they  still  play  quite  an  important  role   (^Schmack,  1897). 

This  chronic  ergot-poisoning  may  take  very  different 
forms — forms  which,  upon  superficial  examination,  bear 
almfjst  no  resenil)Iance  to  one  anotlier.  They  were  at  one 
time  classe<l  as  se[)arate  diseases.  The  (hfference  is  ex- 
plained very  readily  when  the  different  actions  of  the  con- 
stituents of  ergot  arc  taken  into  account,  and  the  fact  that 
they  may  act  partly  on  the  blond-vessels  and  partly  directly 
on  the  central  nervous  system.  Changes  which  depend 
upon  the  circulation  may  occur  almost  anywhere  in  the 
body;  they  may  appear  first  in  one  part,  and  later  on  in  an- 
other, and  this  without  definite  order.  The  symptoms  will 
be  correspondingly  variable.  The  initial  stage  is  prac- 
tically the  same  for  all  the  different  types  of  ergot-poison- 
ing. From  this  initial  stage  two  principal  forms  diverge: 
the  convulsive  form  and  the  gangrenous  form.  Toward  the 
end  the  symptoms  again  Ivecome  similar  in  both  forms. 

The  initial  ata^  is  ushereil  in  by  dislurbance  of  the  per- 
ipheral sensory  apparatus.  There  is  formicaiion  in  the 
skin  and  various  other  disturbances  of  cutaneous  sensation. 
Hyperesthesia  and  anesthesia  exist  at  tlie  same  time  in  dif- 
ferent parts,  or  even  in  the  same  part,  the  skin  being  hyper- 
esthetic  to  some  forms  of  stimulation  and  anesthetic  to 
•jther  forms. 

These  disturbances  of  sensation  he^in  at  the  extremities 
and  spread  upii'ard.  This  distribution  favors  the  view  that 
they  are  manifestations  of  changes  in  the  circulation,  since 
these  would  make  make  themselves  felt  first  of  all  in  the  ex- 
tremities. The  disturbance  in  sensations  also  involves  the 
alimentary  canal.  There  is  apt  to  be  at  once  voraeious 
hunger  and  loss  of  appetite.  Digestion  is  much  impaired 
on  account  of  the  disturbed  circulatinn.  Diarrhea  and  vom- 
iting are  very  common.  The  vomiting  is  partly  due  to  the 
disturbed  circulation  and  partly  to  the  action  <tf  the  cor- 
nutin  on  the  center.  The  central  sensory  apparatus  also 
shows  changes  at  this  time.  There  is  violent  and  persistent 
headache  and  central  disturbances  of  the  speeitil  senses. 
The  motor  system  also  begins  to  show^  abnormal  symp- 
toms, such  as  t^i'itehin^s  and  tremors,  most  marked  in  the 
extremities  and  in  the  tongue. 
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In  all  tliese  effects  of  ergot  it  is  extremely  ilifiicult  to  ^y 
to  what  extent  llie  phenomena  are  caused  by  the  central, 
ami  to  what  extent  by  peripheral,  actions.  They  arc  all 
largely  dependent  on  disturbances  in  circulation,  and  these 
may  in  some  cases  be  more  prominent  in  the  central  nerv- 
ous system;  in  others,  peripherally. 

At  this  point  the  sensory  symptoms  have  reached  their 
acme,  and  do  not  become  any  worse,  but  persist  as  they 
have  been  descril^efl.     But  the  motor  phenomena  go  on  in- 
creasing; the  twitchings  pass  into  sf>asnis,  and  then  iii»" 
permanent   and   often   very   luinful   contractures.     Always 
beginning  at  the  extremities,  they  involve  the  terminal  pha- 
langes of  the  fingers  an<l  ascend  to  the  other  joints.    The 
facial  muscles  also  i)artici|>ate.     The  type  of  these  contrac- 
tures shows  that  their  origin  is  central.     They  are  not  ab- 
solutely persistent,  but  last   for  about  half  an  hour:  thc^^ 
pass  off  for  a  time,  and  reappear.     This  is  very  difTercr»^ 
from  spasms  of  peripheral  origin,  such  as  those  of  lea^* 
poisoning.     The   smooth   muscles  may   also  participate  i**^ 
these  contractures:  especially  that  of  the  bladder;  so  (^^^' 
there  may  be  involuntary  evacuation  of  the  urine,  tcnvsmu.^ 
etc.  ^^ 

The  pulse  is  always  liard  and  small,  pointing  to  a  big_^ 
blood  jiressure.  Its  frequency,  however,  is  variable.  It  * 
usually  slow,  due  ])robably  directly  to  the  high  pressur 
and  to  the  cornutin  action. 

So  far  the  symptoms,  the  initial  stage,  are  common  t^^, 
all  the  different  forms  of  ergotism;  they  can  be  account 
for  partly  by  the  change  in  the  circulation  and  partly 
the  direct   action   of  the  ergot  principles   themselves.    I 
the  second  stag^e  the  circulatory  disturbances  l>ecome  trior 
marked.     The  phenomena  already  seen  —  the  disturbance 
of  sensation  and  the  contractures  —  persist ;  but  to  these  ar 
added  secondary  effects  due  to  the  prolonged  slowing  '• 
the  circulation.     These  may  be  most  marked  in  the  centra 
nervous   system  or   in   the  extremities.     The   fftrmer  giv 
rise  to  the  so-calle<i  spasmodic  form  of  ergotism.     The  \>t 
dominance  of  stasis  in  the  extremities  produces  the  ^^ 
grenous  form. 

Why  one  action  should  predominate  in  some  individual 
and  another  action  in  others,  cannot  be  explained.     Perha' 
there  may  be  some  differences  in  the  anatomic  arrangemeo 
of  the  blood-vessels  or  extent  of  the  innervation. 
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(A)  The  i^angrenous  form,  may  have  been  inrlicated  some- 
what  earher.  Fiistiiirs  may  have  formed  in  tiic  akin,  which 
are  due  to  this  defect  of  circulation.  In  more  marked  de- 
uces it  affects  the  extremities.  The  entire  member  may 
be  involved  in  tlie  gangrene,  which  differs  in  no  respect 
from  any  other  gangrene;  it  has  its  line  of  demarcation. 
and  may  be  icct  or  dry  according  to  bacterial  infection. 
The  finger,  toe.  or  limb  may  slough  away  without  bleeding. 

(B)  In  the  spasmodic  form  the  contractures  pass  intn  ionic 
and  clonic  coiivnJsioiL^  or  cpilcptifi)rm  spasms.  Since  any 
part  of  the  central  nervous  system  may  be  affected,  the  ex- 
act symptoms  may  be  extremely  variable.  It  may  be  re- 
peated that  they  are  due  to  a  defective  circulation  in  the 
central  nervous  system,  which  leads  to  stimulatir^n  and 
then  to  paralysis.  Dc»th  forms,  the  gangrenous  as  well  as 
the  spasmodic,  are  therefore  due  to  changes  in  circulation, 
and  are  determined  by  the  sphacetotoxin  and  its  comi)uunds, 
the  ci>riuUin  takiivi^  no  part.  The  CdUiinnetl  administration 
of  corniitin  does  not  produce  in  any  animal  symptoms  re- 
senibliniE;  ergotism. 

In  acute  ergot-poisoning  —  /.  c,  where  <ui  overdose  has 
been  taken  —  the  symptoms  resemble  very  closely  those 
pro<Iuce<l  by  chmnic  ergotism,  with  the  exception  that  they 
follow  each  other  much  more  rapidly.  They  consist  in 
vomiting,  diarrhea,  and  constipation,  disturbances  of  sensa- 
tion, motor  disturbances,  epileptiform  convulsions,  and 
later  gangrene.  In  the  acute  form  it  is,  of  course,  possi- 
ble, and  in  fact  likely,  that  the  cornutin  plays  a  part  in  the 
production  of  the  convulsions. 

The   treatment    of   ergot-poisoning   cannot   be   anything 
but  symptomatic. 
K  VI.  THERAPEUTICS. 

1.  The  most  important  property  is  the  effect  upon  the 
pregnant  ntcnis;  that  is  to  say.  the  setting-up  of  the  peristal- 
tic waves,  and  later  on.  of  tetanic  contraction.  This  has 
le<l  to  its  use  to  produce  abortion.  The  dose  reqLiire<I  is 
quite  large,  however:  and  on  account  of  the  uncertainty 
of  ergot  preparations,  it  is  a  very  dangerous  drug  for  this 
purpose.  The  action  on  the  uterus  may  be  too  strong  and 
it  may  produce  rupture:  or  general  poisoning  may  residt. 

It  has  been  reconimended  in  delivery  at  term.  Tn  this 
case  the  required  dose  is  much  smaller,  and  consequently 
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it  can  be  used  much  more  safely.  However,  it  seems  that 
the  temptation  to  give  large  doses  is  still  too  strong,  and 
whenever  it  is  used  in  the  early  stages  of  labor  it  is  apt  tu 
put  the  uterus  into  tonic  contraction.  It  is  not  possible  to 
say  at  present  whether  this  is  due  to  a  s|)ecific  effect  I'f 
ergot  on  the  human  uterus  or  whether  too  large  doses  are 
always  employed,  Tlie  tonic  contraction  of  the  uterus  at 
this  time  may  actually  interfere  with  the  delivery  of  ihf 
fetus:  and  it  may  also  produce  asphyxia  of  the  child  li}' 
too  strong  contraction  of  the  uterine  vessels,  or  pressure  un 
the  cord.  If  it  is  used  at  all  in  this  stage,  the  dose  must 
be  small.     This  is  very  important  to  remember. 

The  principal  use  of  ergot  is  to  stop  postpartum  hco- 
orrha^.  It  is  given  here  at  such  a  time  that  its  main  acri"n 
will  a[ipear  after  the  placenta  is  delivered.  If  the  licitit'r- 
rhage  is  very  large  and  a  quick  action  is  desired,  it  may 
be  injected  into  the  gluteal  muscles.  It  acts  mainly  by  pr^' 
ducing  rapid  contraction  of  the  ■*terine  muscle,  in  this  way 
obliterating  the  open  sinuses. 

It  has  been  attempted  to  obtam  ergot  preparations  whict^ 
are  more  stable  and  more  certain  in  their  results  than  tti^ 
ordinary  extracts.  Chrysotoxin  (the  combination  of  Er-^ 
gochr>'sin  and  Sphacelotoxin)  has  been  suggested.  siiK^ 
it  keeps  for  years  without  decomposition.  But  so  far  i  *- 
has  not  been  put  upon  the  market,  probably  because  th^^ 
yield  is  quite  small. 

2.  The  suppose  vasoconstrictor  action  of  ergnt  has  Ifd  to  its  b^^^ 
in  a  variety  of  conditions,  where  the  circulation  is  supposed  to  be  ^ 
ranged.  ^^ 

This  use  cannot  he  based  on  the  experimental  dau.  for  acconJii*^^^ 
to  the*ic  the  effect  is  loo  slight  to  he  of  any  value  —  certainly  much  ^^^^^ 
than  reflex  stimulation.  It  is  of  course  conccivahle  that,  through  th^^^ 
selective  action  of  the  drusf.  some  areas  are  affected  much  more  poirw 
fully  than  the  j^eneral  hlood-prcssure  would  indicate.  It  is  also  P"*,!^ 
sible  that  the  clTects  on  man  are  much  more  p4>werfMl  than  those  *'*''^ 
the  dog  tir  rabbit;  but  it  is  useless  1o  indulge  in  these  speculative  f*  ^ 
planations  mnil  the  clinical  results  from  the  drug  have  been  coufimir^'^ 
by  a  Kirpcr  number  of  competent  ob<Jcr\'ers 

Ergot  has  been  especially  recommended  in  pulmonary  hemorrhiK*^    ' 
Oinical   results   arc   here  nf   little  value   since   the  mndition*   Ur^ 
cease  soontaneously     According  to  the  experimental   results,  i'      '    '" 
is  precisely  contraindicatcd.  for  it  raises  the  nre-Mire  in  the  n 
vessels.     Its  use   in   hctnorrhaf^f   in  other  situations   is  e()uall>     .- 
of  rational  foundation  (Bradford  and  Dean.  iRojl 

The  reported  favornhlc  effects  of  ergot  in  asthma  may  perhap*  '^ 
aUributed  to  its  counteracting  a  pulmonary  vasodihtation. 
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Vir.  MATERIA  MEDICA. 

Er^oU  (U.S.  P..  B.  P.)  (from  the  French  "Ergots  a  cock's 
spur). —  iSecalc  cornutum.) — A  fungous  growth  (the  sclcrotium  of 
Ctavic^ps  purpurea,  Hypocreacea.*)    from   Rye. 

Generally  collected  in  Russia  or  Spain.  Should  not  be  older  than 
one  year.  Constituents,  see  page  500;  also  fatty  oils,  proteids,  and  other 
extractives.  Peculiar,  characteristic  odor.  Dose:  2  Gm.  ^30  grs., 
U.S.  P. 

The  preparations  are  often  injected  hypodcrmicaUy  or  intramuscu- 
larly, the  fluidextract  or  an  aqueous  of  the  extract  solution  twiriK  used. 

Fluidcxtractum  Ergota-  (U.S.  P.)  [Ext.  Ergot.  Liq..  B-P].— Acidi- 
fied dilute  alcohol.  Dose:  2  to  4  c.  c.  ( i4  to  i  drachm).  As  yet  the 
most   satisfactory  preparation.     (2  c.  c.  ^^30  m..   U.  S.  P.) 

Extractum  Ergntir  (  V.  S.  P  ,  B.  P.). —  Various  preparations  are  found 
on  the  market  under  the  rinmc=i  of  "  Ergotin,"  etc.,  but  they  possess  no 
advantage  over  the  official  product 

The  U.  S.  P.  Extract  is  a  soft  preparation,  of  eight  limes  the  strength 
of  the  fluidextract.  It  is  in  the  main  an  aqueous  extract,  prepared  by 
exhausting  ergot  with  V\  alcohol,  evaporaiing  the  alcohol,  filtermg,  pre- 
cipitating the  filtrate  with  acid,  again  filtering,  neutralizing,  evaporat- 
ing and  adding  some  glvcerin.  Dose:  0.2  to  0.6  Gm.  (3  to  10  grs.) 
<o.25  Gm.— 4  grs..  U.  S!  P.). 

Injrctto  Ergotte  Hypodcrmica  (B.  P.). —  30%  of  extract  Dose:  0.2 
to  0.6  c.  c.   (3  to  10  minims). 

iufusum  Ergata  (B.  P.). —  5%.     Dose:  jo  to  60  c.  c.  (t  to  2  ozs.). 

Tinctura  Ergota  Ammoniata  (B.  P.). —  25%.  Dose:  a  to  4  c.c.  (34 
to  I  drachm). 


Two  other  drugs  which,  in  the  absence  of  more  definite  knowledge. 
may  at  present  l>c  counted  under  tlie  Ergot  Group  arc  Corn  Smut  and 
Cotton   Root   Rark. 

'  Ustilago  Maydis. —  Corn  Smut.—  A  fungus  analogous  to  Ergot 
found  on  tlie  curn-plant.  Little  is  known  about  its  composition  or 
action,  although  it  has  been  .employed  by  the  negroes  for  abortion,  and 
stock-raisers  have  also  observed  inat  it  has  an  ecliolic  effect.  Kobert 
states  that  it  does  not  produce  the  ergot  action  on  the  cock's  comb. 
He  tnust  have  worked  with  old  samples,  since  the  author  obtained 
the  typical  darkening  from  several  different  snm{>lcs.  However,  the 
action  is  quite  weak,  and  the  drug  does  not  deserve  much  attention 
unless  it  sliould  be  possible  to  isolate  the  principk-s  in  more  active  form. 
It  possesses  resins,  such  as  form  the  active  principles  of  ergot 

Gostypii  Cortex  (U.  S.  P.I.— The  root-bark  of  Cossypium  herba- 
ceum  and  other  .species.  Malvacex.  Another  ecbolic  for  which  we  are 
indehted  to  the  negroes.  It  contains  several  resins.  The  reports  of 
ctimcians  and  experimenters  are  not  favorable.  Dnsc:  2  Gm.  =  30  grs. 
(U.S.  P.),  commonly  used  as  the  *  Fluidextract  or  infusion. 


Vm.  ECBOLICS  (OXYTOCICS)  AND  EMMENAGOGUES. 

^ft€boiics  arc  remedies  which  stimulate  the  gravid  uterus  to  the  ex- 
pulsion of  the  fetus.  When  used  in  the  nnn-gravid  condition,  they 
increase  the  menstrual  flow,  and  are  then  called  Emmenagogues.  Be- 
ibe  Ergot  group,  onf  may  count  here : 

•  Xot  official. 

Study  Milcria  Medica   T-c<son   .10. 
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I.  Al!  drugs  which  produce  congesiion  of  the  abdominal  organs. 
This  always  extends  to  the  pelvic  organs  as  well. 

1.  AH   Drastic   Purgatives. —  Aloes,    Myrrh,  etc. 

2.  Irritant  Volatile  Oils,  especially  Savin,  Thyme,  Pennyroyal,  asd 
Turiwntinc. 

3.  All  other  Intestinal  Irritants:  Cantharidcs,  Quinin,  Digitalis 
Metals,  etc.  A  similar  action  is  also  claimed  for  Borax,  but  may  be 
considered  doubtful. 

It    must   be    remembered   that    these    irritants    produce    their   ecbolK 
eflfect    only   secondarily    to    a   gaatro-enierilis.     The    latter    may    be  «> 
violent    as    to    be    fatal    without    accomplishing    the    desired    result 
They   should   not   be  employed    for  ecbolics,  but  at  most   a»  emmena- 
gogues. 

4.  Application  of  heat  or  countcrirritanis  to  pelvic  region  or  feet: 
hot  foot-  or  hip-baths,  mustard  plasters,  hot  irrigations  of  the  vagina, 
etc.  These  milder  measures  arc  only  emmenagoguc.  When  nutri- 
tion is  luw,  they  may  be  greatly  aided  l>y  tonics. 

U.  All  drugs  which  stimulate  unstriped  muscle  ^  Muscarin,  Nicotin. 
Pilocarpin,  Phys*:)stigmin,  Hydrastis,  etc. —  may  act  as  ecbolics,  but 
cannot  be  used  iTi  practice. 

rx    UTERINE  SEDATIVES. 

In  contradistinction  to  the  ccliolics.  Viburnum  prunifolium  is  em- 
ployed to  lessen  the  uterine  flow,  and  to  quiet  the  movement*  of  the 
uterus.  It  is  prescribed  in  nienorrhagia,  dysmenorrhea,  habitual  or 
threatened  abortion,  hysteria,  etc.  There  is  no  experimental  founda- 
tion for  iis  use.  It  contains  considerable  tannin,  and  is  therrf^tre  astrin- 
gent fused  in  diarrhea  and  dysentery,  and  as  gargle  in  pharyngitis, 
etc.).  Large  doses  are  said  to  paralyze  the  central  nervous  system  an'! 
the  heart.  Vibrrnuiit  opulus  is  also  astringent,  and  is  recommended  in 
colic  and  muscular  cramps  ("cramp-bark"). 

Viburnum  Prunifolium (  U.  S.  P.).— a/acit  Wtrtc.  The  bark.  Alka- 
loid, resins  (viburnin);  valerianic  and  tannic  acid.  elC-  Pluidesirtct 
(U.  S.  P.),  2  to  5  c.  c.  iy2  to  f  drachm),  best  with  aromatic*.  (2  e.c. 
=  ,K5  Til..  U.  S,  P.V 

Viburnum  Opulus  (U.  S.  P.). —  Cramp  Bark.  The  bark  Tannin, 
etc.  Fluidfxtract  (U.S.  P.),  2  to  5  c.  c.  (l4  to  1  drachm)  (2  cc.= 
30  ni..  U.S.  P.). 

X.  REMEDIES  USED  TO  CONTROL  HEMORRHAGE. 

The  measures  used  to  check  bleeding  (hemostatics)  may  be  divided 
into  those  which  act  locally  (styptics)  and  those  which  affect  the  body 
at  large  (general  ht'tnostatics). 

The  principal  local  remedies  are  those  which  close  the  vessels  by 
compression  (or  suture),  cold,  suprarenal  alkaloid:  those  which  favor 
clottmg  (absorbent  cotton,  pengawahr  djamhi:  the  popularly  used  cob- 
web is  efficient,  but  septic)  ;  and  those  which  precipitate  the  blood. 
»*.  e..  astringents,  tannin,  iron  fchlorid  or  Monsell's  solution) .  aUna 
vinegar,  etc.  The  wound  should  be  well  cleaned  before  the  local  ^typ- 
ticsi  are  applied. 

General  hemostatics  may  be  divided  into  those  which  lower  the 
general  blood -pressure;  those  which  cause  vasoconstriction  Utnitwl 
to  the  bleeding  area:  and  those  which  increase  the  coagrdabiltty  of  the 
blond. 

Measures  Lessening  the  General  Blood*Pressure. —  These  are 
tiscful   in   prarlically  every  case  of  bleeding    (except   when   the  bloo^ 
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pressure  lias  already  been  lowered  to  a  dangerous  degree  by  a  very 
profuse  hemorrhage.  This  demands  the  injection  of  warm  normal 
saline  solution.) 

The  first  desideratum  is  rest,  since  all  movement  tends  to  raise  the 
blood-prcssnrc.  and  furthermore,  tu  dislodge  the  clots.  Morphin, 
bromids,  and  alcohol  and  other  hypnotics  may  be  givtn  lo  keep  the 
patient  quiet.  All  measures  which  produce  sudckn  movements  (emetics, 
purgatives,  etc.)  are  contraindicatcd.  The  patient  should  be  placed 
in  a  position  which  will  lower  the  blood-pressure  in  the  bleeding  part 
as  much  as  possible.  Cardiac  depressants  (aconite)  are  also  indicated 
in  every  case. 

The  use  of  vasodilating  and  constricting  drugs  gives  very  uncer- 
tain results.  It  will  be  easily  appreciated  that,  in  order  to  be  useful  in 
hemorrhage,  a  vasodilator  must  dilate  the  vessels  of  the  general  circu- 
lation, but  not  at  the  bleeding  point.  Per  contra,  a  vasoconstrictor 
must  constrict  them  at  the  bleeding  point,  but  not  elsewhere;  in  the 
latter  case,  the  rise  in  general  blood-pressure  might  easily  overcome 
ihe  local  constriction  and  make  the  bleeding  more  free. 

General  vasodilators  (nitrites)  are  indicated  when  the  hemorrhage  is 
situated  in  areas  which  are  not  easily  dilated,  j.  r.  the  kings  and 
muscles.  Tliey  are  conlraindicated  in  bleeding  from  the  brain  or 
splanchnic  area. 

It  is  doubtful  whether  general  vasoconstrictors  are  ever  indicated 
in  hemorrhage;  for  their  action  cannoi  be  confined  to  the  bleeding 
vessels.  The  only  cslablislicd  exception  to  this  statement  is  the  effect 
of  ergot  in  pnst-partum  htmc^rrhagc  (but  as  we  have  stated,  ergot  is 
often  used  again'^l  bleeding  in  other  regions). 

Specific  Coagulants. —  An  increase  of  the  coagulability  of  blood  is 
desirable  when  there  is  a  tendency  to  excessive  bleeding  on  slight 
provocation  —  in  hemophilia,  purpura  hemorrhagica,  epistaxis.  hem- 
optysis, excessive  menstruation,  renal  or  inteslina!  hemorrhaRes,  etc. 
The  measures  which  are  claimed  to  be  effective  in  these  conditions  are 
also  recommended  in  aneurism  (although  they  are  said  to  favor  em- 
bolism). 

The  principal  remedies  which  are  used  for  this  purpose  are  calcium 
chlortd.  and  gelatin.  Most  observers  attribute  the  action  of  the  latter 
to  the  calcium  which  it  contains,  stating  that  gelatin  freed  from  cal- 
cium is  incflfective  (Gley  and  Richaud.  1903).  The  evidence  that  these 
driigs  accomplish  the  desired  results  is  not  conclusive,  although  the 
majority  of  the  clinical  observations  are  favor.nble.  It  is  well  known 
that  the  presence  of  a  certain  amount  of  calcium  is  necessary  to  the 
coagulation  of  blcx>d;  but  it  has  never  been  shown  that  this  calcium  is 
deficient  in  the  diseases  named  above,  for  neither  gelatin  nor  calcium 
hastens  the  coagulation  when  added  to  the  blood,  However,  Dasire 
and  Florescn  (1897)  claim  that  the  time  required  for  the  coagulation 
is  shortened,  when  gelatin  is  given  systcmtcaMy :  this  is  confirmed 
by  other  obser\er5,  and  also  in  regard  to  calcium.  On  the  other  hand. 
some  investigators  deny  this  action:  Sackar  (1901)  refers  the  effect  to 
intra-vitam  agglutination  of  the  corpuscles,  producing  intravascular 
precipitation,  which  would  entail  the  clotting. 

It  will  be  seen  that  there  is  no  rational  explanation  of  the  effect  of 
these  drugs,  if  indeed  they  produce  any  action.  Since  they  can  do  no 
harm,  when  properly  used,  they  may  at  least  be  given  a  trial. 

The  calcium  chlorid  is  generally  given  by  mouth,  I03  Gm.  per  day, 
continued  as  long  as  necessary",  or  it  may  be  injected  hypodcrmically^ 
in  I  to  5%  solution.  In  urgent  cases  of  hemophilia,  too  c  c.  of  a  10% 
solution  may  be  injected  rrry  shnvly  into  a  vein,  and  repeated  in  twelve 
hours.  Boas  (1904)  recommends  jo  c.  c.  of  10%  i^olution  as  enema 
(after    defecation)    in   bleeding  hemorrhoids.     The  gelatin   was   origi- 


Ji 


5»2 


ERGOT    AND   SAPOTOXIN    GROL'P. 


CH.    XXIU. 


nally  used  subculaneously  (lOO  to  200  c.  c.  of  sterile  i  to  5%  solmicm, 
injected  slowly  into  the  thigh,  not  near  the  anonnsm,  every  10  lo  15 
jays,  until  ten  to  twenty  injections  have  heen  given.)  The  trealTncnt 
is  quite  painful,  and  may  raise  the  temperature  to  103''  F.  Tetanus 
has  been  a  not  uncommon  sequence,  when  the  solutions  were  not 
thoroughly  sterilized.  Wood  ( IQ02)  claim*  that  the  gelatin  is  just  as 
cfiFective,  only  somewhat  slower,  when  given  by  mouth,  and  recom- 
mends eating  three  or  four  ounces  of  flavored  10%  jelly,  three  times  t 
day. 

(Ordinary  st)'ptics  are  generally  useless  in  hemophilia.  The  inhala- 
tion of  oxygen  4ias  Iwen  recommended,  empirically.  The  intravenous 
injection  of  nuclcoproteids  causes  intravascular  clotting,  but  this  is 
promptly  fatal,  and  cannot  be  utili7ed  therapeutically). 

XI.  DRUGS  WHICH  LESSEN  THE  COAGULABILITY  OF  THE 

BLOOD. 

In  lalioratory  experimcnt.s,  the  coagulability  of  blood  can  be  easily 
diminished  or  abolished.  Leech  extract  has  this  effect,  whether  it  i» 
injected,  or  added  lu  shed  blood ;  albumoscs,  only  when  injected; 
citrates,  oxalates,  fluorids.  concentrated  snlulions  of  other  salts,  for- 
maldehyd,  hydrocyanic  acid,  etc.,  onlv  on  shed  blood  (b)-  rcmovmfc 
the  calcium  or  inhibiting  the  filbrin  ferments)  None  of  these  drugs 
can  be  I'.sed  effectively  on  patients,  except  by  local  application.  Never- 
theless, sodium  citrate  is  sometimes  used  to  prevent  threatening  throm- 
bosis. It  is  difficult  to  vniderstand  how  it  can  have  any  effect  what- 
ever. 

Hirudo  —  Leech, 

(B)  SAPOTOXIN  GROUP. 

1.  PROPERTIES,  OCCURRENCE,   SUMMARY  OF   ACTIONS. 

The  members  of  this  group,  the  sapotoxtns  and  sap<>niiis, 
are  characterized  by  forming  an  excessive  and  persistent 
foam  when  even  very  dilute  i\  :  10.000)  watery-  solutions 
j|,re  shaken:  by  emulsifying  fats  and  suspending  fine  [tow- 
's; by  dissolving  red  blood  corpuscles  and  other  cells, 
•en  in  isotonic  soluti<tns:  and  by  a  general  toxicity  to  all 
cells.  The  degree  of  this  toxicity  varies  greatly  in  the 
different  members  of  the  series;  the  more  loxic  being  termed  , 
SQpotoxins;  the  less  toxic,  saponins. 

Chemically,  these  substances,  are  non-nitrogenous,  glucosidal,  neittmW 
principles.     Many  have  the  ultimate  composition  CnHm  —  .O,*.     \STici-^ 
lieated    with   dilute    mineral   acids,   they   are   decomposed   into  glaco*^ 
and    a    satogcnin.    They   are    generally    not    attacked    by   animal   fcr-^_ 
meats.     Physically,  they  possess   the  characters  of  colloids:     They  H'"^ 
not   dialy/e;   they   are   soluble   in   water,  and   are   nm  precipitatr<l 
moderate  amounts  of  alcohol ;  hut  they  do  not  dissolve  m  pure  alcuh.V 
or  in   fat-snlvcnts.     Many  are  precipitated  by   saturation   with  neifln 
salts,  especially  ammonium  sulphate;  by  basic  lead  acetate:  etc 

These  principles  are  very  widely  di«;tributed  through  the  vefffuUf 
kingdom,  necurrinR  in  ai  least  150  plants,  beloniring  to  thirty  differritt 
families.    They  are  probably  formed   in  the  leaves,  but  are  forn-l  m 
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Lll  parts  of  the  plants.  The  foaming  is  so  conspicuous  that  many  of 
these  drugs  have  received  characteristic  popular  names,  soap-bark,  soap- 
root,  etc.  They  arc  employed,  even  by  non-civilized  peoples,  for  clean- 
ing; and  on  account  of  their  high  toxicity  to  fish,  as  fish-poisons. 

Their  very  powerful  action  on  fish  is  explained  by  their 
^apici  absorption  tlirough  the  gills.  The  greater  number 
are  scarcely  toxic  to  nianimals,  as  they  are  not  readily  ab- 
sorbed from  the  alimentary  canal.  Their  local  action  on 
the  latter,  however.  restiUs  in  nausea  aiul  vomiting.  This 
constitutes  their  therapeutic  use.  Agrostenuiia.  the  com- 
mon corn  cockle,  is  the  most  dangerous  drug  of  the  grrmp, 
since  it  is  absorbed  exceptionally  well.  Quillaja  (soap- 
bark)  may  also  prove  toxic. 

II.  DETAILS  OF  ACTION. 

Locally,  ihey  exert  a  very  marked  irritant  action  on  the  mucous 
mt^nibranrs.  They  have  an  acrid  lastc  and  provoke  a  How  of  saliva 
isialogogue  action);  if  inhnlcd,  they  cause  sneezing:  if  injected  hypo- 
dcrmically.  they  cause  subcutaneous  inflammation.  When  added  to  de- 
fibrinated  blood,  they  will  dissolve  the  corpuscles  and  liberate  the  hemo- 
globin and  tJie  salts  —  the  latter  even  when  the  corpuscles  have  been 
laked.  or  fixed  by  formaldehyd. 

If  they  are  injected  directly  into  the  blood,  the  mottt  marked 
symptoms  fall  up(.in  the  central  nervous  system,  and  are  rapidly 
fatal.  At  first  there  are  violent  convulsions ;  then  paralysis,  especially 
of  the  re:?piratory  center.     The  effect  on  fish  is  also  paralylic. 

Smaller  doses  given  by  the  blood  cause  especially  intestinal  symp- 
toms, and  death  after  several  days  by  collapse.  \Vhy  the  symptoms 
are  so  largely  intestinal  is  unexplained.  Given  subcutaneously.  they 
produce  these  same  symptoms,  only,  of  course,  much  more  slowly.  If 
they  are  applied  directly*  to  skeletal  or  cardiac  muscle  or  tr>  nerve- 
trunks,  these  lose  their  irritability  at  once,  and  if  the  solution  is  fairly 
strong  (1%),  there  i.-^  rigor. 

Tlie  same  train  of  phenomena  of  general  poisoning  is  obtained  if 
these  poisons  arc  absorbed  from  the  stomach:  either  directly,  as  in 
the  case  of  agroslemma.  or  with  the  others  after  the  local  action  has 
produced  a  corrosion  of  the  mucous  membrane.  If  the  dose  is  too 
small  for  this,  only  the  local  effects  arc  observed.  These  lead  to  symp- 
toms of  gastro-enteritis,  vomiting,  persistent  diarrhea,  etc. 


in.  MANNER  OF  ACTION. 

The  toxic  action  of  the  sapotoxins  and  .solanin  on  the  red   blood 

corpuscles'  is  due  to  their  dissolving  the  cholesterin  contained  in 
the  envelope.  And  there  is  every  reason  to  believe  that  this  bofds  also 
for  other  tissues.  Cholesterin  (and  indeed  any  fat,  such  as  cotton- 
seed oil)  is  a  perfect  antidote  to  the  hemolytic  action,  although  it  is 
not  so  effectual  against  the  central  action.  The  mechanism  of  this 
action  has  been  greatly  elucidated  by  the  work  nf  G.  N.  Stewart 
Cog  to  *oa).  It  must  be  conceived  somewhat  as  follows:  The  elec- 
trical resistance  of  intact  cells  is  always  greater  than  that  of  the  fluids 
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in  which  they  are  bathed,  or  than  that  of  their  own  contents.  Titii 
means  that  they  have  an  envelope  which  is  partly  or  entirely  imper- 
meable to  ions.  This  impermeability  is  due  to  the  presence  »•!'  chulc4- 
terin,  lecithin,  and  similar  fatty  substances,  which,  on  account  of  their 
insohibility  in  saline  fluids,  interpose  a  physical  barrier  to  ihc  pene- 
tration of  most  salts,  whilst  they  permit  Uie  entrance  of  fat -soluble 
substances.  Sapotoxins  have  the  property  of  dissolving  these  fats, 
thereby  breaking  down  the  barrier,  and  allowing  the  entrance  of  foreign 
saJts  and  the  exit  of  the  contained  salts.  This  disturbance  in  the  salt 
content  of  the  cell  results  in  its  disintegration.  If  the  sapotoxjntt  are 
saturated  with  cholesterin  or  oil  before  they  come  into  contact  with 
the  cells,  they  are  natnrally  deprived  of  their  activity  { Rat^ira 
Hedon,  1901).  Scrum  is  also  antitoxic  through  its  lipoids.  The 
lecithin-saponin  compound,  however,  is  also  toxic.  Some  degree  of 
immunity  can  be  secured   through  repeated   injections. 

The  central  actions  of  sapotoxins  arc  not  as  a  rule  due  to  the 
hemolysis,  but  to  a  direct  action  on  the  brain  cells;  these  are  paralyzed 
by  smaller  doses  than  are  required  for  lakiug. 


IV.  THERAPEUTICS. 

The  toxic  actions  on  the  central  nervous  system  do  not 
at  all  cotne  into  play,  since  there  is  no  absorption.  Only 
the  irritant  action  on  the  alimentary  canal  needs  to  be  con- 
sidered. This  bears  a  ckjse  resemblance  to  the  local  action 
of  ipecac,  and  the  therapentic  indications  are  llie  same. 
As  nauseants  and  emetics  they  possess  the  a<lvantage  over 
ipecac  that  they  are  not  at  all  absorbed,  provided  they  are 
given  in  moderate  doses;  they  therefore  avoid  the  central 
action  of  cmetin. 

The  property  of  emulsifying  determines  their  use  as 
detergents  in  the  arts,  for  the  cleansing  of  articles  which 
are  injured  by  alkalies. 


-f/ 


TTie  use  of  quillaja  as  an  emuhificr  for  medicinal  preparations  i^  not 
admissible;  but  some  *>f  the  less  toxic  saponins  may  he  used  for  ihi* 
purpose  (Kobert.  l<)04). 

A  certain  number  nf  these  drugs  have  some  importance  or  accotmt 
of  stock-poisoning  (Vaccaria,  Raw  Potatoes)  ;  others  have  been  uwd 
as  fish-poisons,  as  soap  and  as  counlerirritanls.  etc  .  by  the  aborigine*. 

Sarsaparilla.   which    owes   its   activity   entirely    to    the    sapoioxin  of 
saponin  which  it  contain^?,   formerly  enjoyed  considerable  rcputnfion  i< 
an  altcratiic.    This  is  no  longer  accepted  at  the  present  time,  anti  tt  ii 
possesses  any  action  at  all  it  is  simply  that  of  a  very  mild  nauseam  asd 
cathartic. 


V.  MATERIA  MEDICA  OF  SAPONIN  CROUP. 


The 


QuIIUIa    (U.S.  P.)     [Quillai|«    Cortex,    B,  P. ].~ Soap-bark. 
inner  bark  of  Quillaja  Sofonaria,  Rosaccse;  Chili  and  Peru. 
Ftuidcxtractum    QuUlaia    (U.S.  P.).— One-half  alcohol.    X)«i/;  01 

C.c.  =  .^   IR.    (VS.  P.). 

Ttnctura  Quitlajtr  (U.  S.  P,).— One-third  alcohol,  ao%.    Dojt:  r  ct 

=  15   TR. 
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•iMria  officinalis. —  Soap-wort. —  The  root  or  leaves  of  Sapona* 
itiijlis,  Carvophvllacesc,  ttrinpcrate  zone.     Dose:  2.0  to  4.0  Gm. 
im   a*  S.  P.)    [SeneSK   Radix,   B.  P.].— The  root  of  Folygala 

Polygalacea;  Norih  America. 

rxtractum  Senega"   (U.S.  P.). —  Alkaline,  three-fourths  alcohol 
iS  to  i.o  c  c.  ( 10  to  15  minims)   (i  c  c.  =  15  TH..,  U.  S.  P.). 
r  Smegte  Concentralus   (B.  P.).— 50%  alcohol.    Dose:   a  to  4 
I  to  1  drachm). 

w  Senega  lU.  S.  P.).— 20%.  Dose:  4  to  8  c,  c.  (i  to  3 
0   (4  c.c.  =  i3.,  U.S.. P.). 

urn  Senega  (B.  P.).— 5%.    Dose:  15  to  30  c,  c.  OA  to  I  oz.). 
vra  Senega  (B.  P.). —  ao%.    Two-thirds  alcohol.    Dose:  2  to  4 

to  I  drachm). 
lophyllum. —  Blue  Cohosh, —  The  rhizome  and  roots  of  Caulo^ 

thalictrotdes,    Berbcrtdacear ;    North    .\merica.     Also   contains 
and   an   alkaloid   and   resins,  about  whose  action   very   little   is 

Dose:  O-i  to  2.0  Gm.   (5  to  30  grains). 
parilla    ( U.  S.  P.).— The   root   of  Smilar  oMcinaiis  and  some 
tccies.  Liliace:r;  tropical  America, 
p.  Preparations: 
*straetum   Sarsaparilla. —  One-third    alcohol.    Dose:   2.0  to  4.0 

to  I  drachm)    [2  c.  c.  =j(o  Hi..  U.S.  P.). 
fxtractum  Sarsap.   Compositum    (U.S.  P.). —  Sarsaparilla,   Gly- 
,  Sassafras,  Mezcrenm.  Glvcerin,  Diluted  Alcohol.    Dose:  2  c.c 
.(U.S.  P.). 

tts  Sarsap.  Composttus  (U.  S.  P.V — Fluidext.  Sarsaparilla, 
lira.  Senna;  Oil  Sassafras,  Anise  and  Gaultheria.  Pleasant, 
laxative  vehicle,  especially  for  iodids.  Dose:  15  to  30  c.  c.  (4  to 
6  c.c.  =  45..  US.  P.). 

5  Radix  ih.  P.). —  Jamaica  SarsapariHa.-- The  root  of  Smitojt 
Liliace;r:  Costa  Rica 

r  Sarsa  Compositus  Concentratus  (  B.  P.V — Contains  Sarsapa- 
isafras,  Guaiac,  Licorice,  Mezereum.    Dose:  8  to  30  c.c.  (^4  to 

ctum  Sarsa  Utjuidum   (B.  P.). —  Dose:  4  to   13  c.c.   (1  to  4 

0. 

dcsnil    Radix    (B.  ?.)• —  The    root   of   Hemidesmus    indices, 

tace;e. 

us  iiemidcsmi  (B.  P). —  Dose:  2  to  4  c.c.  (Yi  to  i  drachm). 


I 


II.  SOLAKIN. 

locosidal  alkaloid"!,  solanin,  solanein.  and  solanidin.  which  occur 
I  of  the  potato-genus  ( Solantim  nigrum,  dulcamara,  tuberosum 
,  Carolincnse,  and  Tomato),  possess  a  typical  sapotoxin  action, 
species,  particularly  in  S.  dulcamara,  they  arc  associated  with 
fluantiiy  of  alropin-likc  alkaloid  and  with  a  saponin  (dulcama- 
ne  latter  plant  is  sometimes  used  as  a  nauscant.  Solanin  has 
aula  C%tHmNOi.;  solanidin.  C^-iHnNOf. 

Dulcamara. —  Bittersweet. —  The  young  branches  are  used. 

of  the  fluidcxtrart. 

Tuberosum. —  The  toxic  principles  are  distributed  through- 
plant,  but  only  very  small  quantities  are  found  in  the  pulp  of 
tr  —  too  small  to  produce  any  action.  The  quantity  is  larger 
skin,  and  especially  in  very  young  and  in  sprouting  potatoes, 
lave  sometimes  given  rise  to  poisoning. 
M«m    CaroUntnse. —  The    berries    have    been    recommended    in 

ofteial. 

Mctlica  Lesson   40. 
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epilepsy.  They  are  always  given  with  bromids,  and  the  therapcuuc 
effects  of  the  mixture  are  probably  due  entirely  to  the  latter.  Dose: 
4  c.  c.  of  the  Huidextract. 

(C)   SUMMARY  OF  THE  TREATMENT  OF  COUGH. 

I.  PATHOLOGIC  CONDITION. 

The  act  of  coughing"  may  be  delinerl  as  a  coortUnale<l 
reflex  inv*ilving  the  respiratory  center,  and  resulting  in  the 
sudden  and  violent  expulsion  of  air  from  the  lungs.  It  has 
a  physiologic  function  in  the  reinoval  of  irritant  substances 
or  of  accumulation  of  mucus  from  the  respiratory  passages. 
Like  other  reflexes,  however,  it  tends  to  per^st  after  its 
cause  has  ceased  tcj  be  active:  or  it  inay  become  excessive. 
In  either  case  it  Avill  require  treatment.  It  must  Ijc  Ix^me 
in  mind  that  cougli  is  merely  a  symptom,  and  wliilst  it  may 
be  treated  directly,  as  such :  no  treatment  can  be  of  perma- 
nent benefit  unless  it  is  also  directed  against  the  original 
cause,  if  this  is  still  in  operation.  This  cause  lies  most 
commonly  in  the  respiratory  ]>assages.  but  there  api)ear  to 
be  other  conditions  which  may  give  rise  to  cough,  or  which 
at  least  may  help  in  its  production.  The  changes  produced 
in  the  general  circulation  by  drugs  like  digitalis,  strychnin, 
or  the  fiiiritcs  are  frequently  beneficial.  When  signs  of 
disease  are  present  in  other  organs,  (dyspepsia,  etc.).  these 
should  receive  direct  treatment.  General  measures,  such 
as  laxatives,  diaphoretics,  antipyretics,  analgesics,  etc..  must 
be  used  as  tlie  indications  arise.  Removal  to  a  more  suita- 
ble climate  is  always  advisable,  and  sometimes  necessary 
in  chronic  bmnchitis.  A  dry  climate  is  chosen  if  the  secre- 
tion is  profuse,  anfl  vice  versa. 

11.  REMEDIES  AFFECTING  COUGH. 

Since  coughing  is  a  reflex  act,  it  may  be  affected  either 
centrally  or  j>eripherally. 

(A)   For  the  central  treatment  any  drug  may  be  us< 
which  depresses  the  respiratory  center.     The  most  usefu^ 
thp  members  of  tlic  Morphin  Group,  and  particularlw 
•ee  p.    185).     Cliloroform  and  bromids  are  alsrr 
their  action  cannot  be  limited  so  nicely  to  \hm 
center. 

.  peripheral  treatment  is  to  l>e  directed  agains 
on  ami  its  attendant  phenomena.     It  must 
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modifie<l  according  to  whether  the  seat  of  the  inflammation 

is  or  is  not  accessible  to  local  medication.     The  cause  of 

the  inflammation  is  usually  bacterial,  and  requires  antiscp- 

Jics,     If  seated  above  the  larynx,  these  may  be  administered 

WDy  way  of  gargles.     If  below  the  lar>nx.  inhalations  of  the 

-volatile  antiseptics   (Creosote,  Turpentine,  etc.)   are  most 

'flfective.     It  is  often  attempted  to  secure  this  object  by 

iving  volatile  antiseptics  by  the  stomacli.  on  the  theory 

liat   they  are  excreted  in   sufficient  concentration  by  the 

■g  «^ing.     This  may  be  considered  doubtful.     However,  all  the 

^--^-nembers   of   the   turpentine   group,    when   present    in    the 

'ofxj.  tend  to  lessen  even  aseptic  inflammatory  processes. 

The  sensory  irritation,  which  is  the  immediate  cause  of 

c  cough,  may  be  diminished  by  demulcents  or  anodynes. 

'hilst  it   is  only   possible  to  apply  these  local   measures 

)ve  the  larynx,   yet  they  seem  to  be  beneficial  even  in 

'»re  distant  irritation.     It  may  be  that  the  solutions  spread 

"Nvnward  over  the  surface  of  the  mucous  membrane. 

^^emulccnts  are  colloid  <  gummy)  substances,  which  ap- 

^r  to  act  simply  mechanically,  by  excluding  the  air  and 

t>2«. -^zrleria.     Tliey  ])lay  the  same  role  to  mucous  membranes 

s^s^        salves  d<i  to  the  skin  (see  Chap.  XXXI,  A).     The  most 

* «T»  ^rxjrtant  in  this  connection  are  Acacia,  Sugar,  Licorice, 

^r»«^J  the  various  demulcent  teas.     Hot  drinks  of  all  kinds 

^^^^    useful. 

^^-^ocai  anody^ics  act  by  depressing  the  sensory  endings. 

^^^^y  possess  in  this  way  no  advantage  over  the  central 

*^^r*»-essants.  and  are  more  difficult  to  apply.     Cocain  and 

'^^^^^pin  may  be  used,  the  latter  also  in  the  form  of  the 

^^*^ke  from  burning  stramonium   leaves,    as  for  asthma. 

^2^<^rocyamc  acid    (commonly  employed   in   the   form   of 

~iy^*xip  of  Wild  Cherry)   als(j  appears  to  act  as  anodyne. 

,    ••^  most  useful  anodyne  measure,  however,  consists  in  the 

^^Hniation  of  steam. 

T'ht  inflammatory  congestion  may  be  influence<i  indirect- 
*y    V>y  counterirritation  or  compresses;  or  directly  by  Kxral 
*^^^ingents.    Tannin,  Alum,  or  ferric  Chlorid  being  the 
^*^^t  useful. 

Next  to  the  cough  itself,  the  most  conspicuous  symptom 
*^^  these  inflammations  lies  in  alterations  of  the  quantity  or 
c^iaracter  nf  the  bronchial  mucus.     Remedies  which  influ- 
ence this   secretion  are  called    Expectorants,     Their  em- 
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ployment  becomes  particularly  important  if  the  inflamma- 
tion is  seated  in  the  bronchial  ilivisions. 

The  expectorants  may  be  divided  into  those  which  di- 
minish the  secretion  of  nniCLis.  l>eing  used  when  this  is  ex- 
cessive; and  those  which  increase,  and  therefore  liquefy, 
mucus,  being  employed  in  cases  of  "  dry  "  cough,  in  which 
the  irritation  arises  from  thick,  scanty,  adherent  mucus. 
The  expectorants  are  also  divided  into  depressant,  stimulant, 
anrl  indiifcrcnt,  according  to  their  effect  upon  the  general 
condition  of  the  patient.  ( Note  that  these  terms  do  not 
refer  to  their  effect  upon  the  mucus!) 

Expectorants  ivhich  increase  secretion: 

Depressant:  Nauseants:  Ipecacuanha. 

Apomorphin. 
Tartar  Emetic. 
Sapotoxins   ( Senega), 
Indifferent:  Neutral  Salts  (lodids). 
Carbonates. 
Pilocarpin. 
Stimulant:  Aniniotiia  Salts   (Carbonate  or  Chh 
rid). 
Digitalis  and  Squills. 

Expectorants  which  diminish  secretion: 

Atropin;  Acids  (hydrochloric):  Turpentine.  Ter- 
pen  hy<lrate.   Essential  oils    (cul>cbs):   .\ro 
matic   Products   (Benzoates.   Balsams,  Cr< 
sote.  Tar.  etc.). 
When  the  accumulation  of  mucus  is  very  great,  it 
comes  necessary  to  effect  its  removal  by  the  cmploymen 
of  emetics. 

Ill    TREATMENT  OF  COUGH. 

The  underlying  conditions,  when  known,  .should  rcceiv 
first  consideration,  but  the  symptoms  rriay  he  treated  at  th 
same  time.     Antiseptics  and  demulcents  are  always  indi 
Seated.     Anodynes,   central   or   peripheral,    are   only   to  b^ 
used  wlien  the  secretion  is  not  excessive.     The  choice 
expectorants   must   he   governed   by  the  condition   of  t 
mucus,   and  by  the  general  condition  of  the  patient :  t 
depressants  are  often  useful  if  the  cough  is  accompani 
by  acute  fever.     Their  depressant  action  mav  also  be  a' 
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y  combining  them  with  strychnin^  digitalis,  or  am- 

am  acetate. 

will  be  seen  that  different  cases,  and  even  the  same 

D  its  different  stages,  require  very  different  treatment. 

'outine  treatment  of  every  case  by  a  standard  "  cough- 
"  cannot  be  too  strongly  condemned.  However, 
compounds   have  a   use   in   properly   selected   cases, 

Vt  therefore  append  a  list  of  the  most  popular  for- 


ATERIA  MEDICA  OF  COMPOUND  COUGH  MIXTURES. 

Urtr  Olycyrrhisa  Composita    (U.S.  P.). —  Brown  ^fixturf. —  The 

4    c.  c.     (teaspoonfui)     contains:     Glycyrrhiza,    Sugar,    Acacia; 

I  Antimonii,  0.25;  Tr.  Opii  Camphor,  0.5  c.  c. ;  Sp.  .-tlher.  Nit., 

c. 

pus  ScilliF  Compositus   (V .  S.  ?.) .— Hive  Syrup.— Dose:  0.5  to 

(7  to  30  minims)  (2  c.c.  =  3o  n\.,  U.S.  P.).  i  cc.  contains 
^  Senegal,  and  0.002  Tartar  Emetic. 

hisci  Cuhcbtr  (U.S.  P.). —  Cubeb  (0.02  Cm.  of  olcoresin),  Lico- 
Bssafras,  Tolu.  Acacia.    Dose:  One  every  half  hour. 
\r  Picis  Comjtosiium.    N.  F. —  Wild   Cherry,   Tar,   Tolu,    Methyl 
il,  Morphin.  and  Wine.     The  dose.  4  c.c.  (teaspoonful),  contains 
iin  Morphin  Sulphate. 

its  Pectoroles,  N.  F. —  Althaea.  CoUsfool,  Glycyrrhira,  Anise,  Mul- 
)d  Orris.     Used  as  infusion  1   :  ro  ad  libitum. 
pus  Pint   Strohi  Cotrtpositus.  While    Pine    Expectorant,    N.  F^ 

Pine  Bark,  Wild  Cherry,  Spikenard,  Gilcad,  Sanguinaria,  Sassa- 
lorphin,  Chloroform.  The  dose  (4  c.  c.  =  tca5poonful>  contains 
am.   (*/•*  grain)   Morphin  Sulphate. 

dy  Materia  Medica  LcMon  41. 


CHAPTER  XXIV. 


5MOTIC  ACTION;  CATHARTIC  SALTS; 
DIURETICS. 

\  (A)   OSMOTIC   (SALT)    ACTION. 


Vductory.* —  The  strictly  chcmic  chanftes  produced  by  poisons 
property  of  their  chemic  composition,  and  are  therefor  specific: 
hg  in  kind  as  well  as  in  decree  for  each  poison.  The  functional 
^  resulting  from  the  solution  of  lipoids.  allhouRh  they  are 
lit  are  also  confined  to  a  limited  number  of  poisons  (the  alcohol 
land  sapotoxins).  Another  large  class  of  pharmacologic  phe- 
^  however,  result  from  the  physical  properties  of  molrcules.  the 

K    stodent    is    adviird    to    rtarl    the    chapter    on    (he    molecular    phjrsics    of 
solutions  in  some  work  of  phjrsics,  before  studying  tfaii  subject 
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so-called  "  colligative  properties.*'  which  are  common  to  all  sub-  - 
stances  in  solution,  and  which  arc  entirely  independent  of  their  cbetnic 
composition.  These  coUitralive  properties  may  he  measured  by  physical 
methods,  as  will  be  explained  later:  by  the  osmotic  pressure,  the  lower- 
ing of  the  freezing  point,  and  the  raising  of  the  boiling  point  of  tlic 
solution.  The  phenomena,  to  which  they  give  rise  in  the  cell,  consist 
mainly  in  alterations  of  the  water  and  salt-content,  and  of  the  internal 
pressure.  These  result  in  functional  disturbances.  Thf  rff^ctj,  as 
has  been  said,  may  he  [produced  indifferently  hy  any  dissuhrd  iub- 
stance,  and  are  strictly  proportional  to  the  number  of  mofccnies  con- 
tained in  the  utiit-rolunte  of  the  solvent. 

The  importance  of  these  actions  is.  however,  very  different  for  dif- 
ferent drugs.  In  the  nuiscle-nerve  poisons,  r  a-  the  specific  actions 
arc  relatively  so  much  more  intense,  that  the  physical  actions  are  en- 
tirely overshadowed  and  ncgligcable.  In  other  cases,  as  with  proteid? 
and  colloids  in  general,  the  nxilecules  arc  so  large  that  even  saturated 
solutions  contain  only  a  relatively  small  proportion,  and  therefore  can- 
not exhibit  these  properties  in  a  marked  degree.  On  the  other  hand, 
the  physical  actions  are  very  courpicnous  and  important  in  the  case  of 
the  neutral  salts  of  alkalies,  and  they  are  therefore  commonly  called 
'*  Salt-Actions.**  In  using  this  convenient  term,  it  must  always  be 
remembered  that  the  same  actions  are  prodticed  by  substances  which 
are  not  salts  in  the  chemical  sense:  by  acids,  alkalies,  alcohols,  sugars 
glycerin,  urea»  etc.,  etc.    Osnwtie  Action  is  therefore  a  better  term 


I.  COLLOIDS  AND  CRYSTALLOIDS. 

Graham  in  1861  divided  soluble  subsUnces  into  two  large  classes,  the 
colloids  and  crystalloids.  This  division  has  been  found  so  convenient 
that  it  lias  been  retained,  although  it  is  by  no  means  a  sharp  one.  and 
it  has  been  found  necessary  to  modifj'  his  definitions  considerably 

The  Colloids  have  a  peculiar  physiologic  importance  since  they  are 
the  most  abundant  constituents  of  protoplasm,  and  determine  its  physi- 
cal characters  and  many  of  its  cheniic  prn(>erties.  All  colloid*,  when 
in  solution,  consist  of  extremely  large  molecules  or  rather  of  ci»Iler- 
lions  or  "aggregates"  of  molecules.  These  aggregates  are  often  ijooo 
to  10,000  times  as  large  as  ordinary  molecults;  but  each  agL"-- ■  '-  '-" 
haves  just  like  a  single  molecule.  It  must  be  evident  that  \\ 
solutions  possess  the  colligative  properties  in  only  a  very  slig...  .  ^ 
Furthermore,  these  large  aggrcRalcs  behave  in  many  ways  like  nne 
soUd  particles  in  suspension:  Tliey  tend  to  coalesce  and  to  form  pre- 
cipitates; they  can  be  partly  separated  from  ihcir  solutions  by  pa^sinji 
the  latter  through  appropriate  filters;  they  diflfuse  but  slowly  Inronql* 
water,  and  scarcely  at  all  through  other  colloids  or  ihrnugh  animal 
membranes;  they  develop  only  a  very  .small  osmotic  pressure,  and  tbft 
may  be  charged  with  either  positive  or  negative  electricity,  and  there- 
for wander  with  or  against  the  electric  current. 

The  quasi-solid  character  of  the  aggregate  "particles."  c^^*^^^  'l-''" 
to  exert  a  creat  surface  action,  which  is  very  important  to  ; 
In  virtue  of  ihis.  they  produce  ''adsorption,'*  1.  e„  a  condr 
other  dissolved   molecules  on  their  surface.*    These  condensed   niurfv- 
ules  arc  endowed   with  greater   chemic  activity,   so   that  colloids  ir4* 

*  This  power  of  condensation  has  looir  been  known  in  the  rase  of  ch«™«'' 
spongy  platinum,  etc.  Even  relatively  coarse  particle*,  such  a«  vatitl  01  tilntr 
paprr,  »ccm  to  po«r*»  a  similar  action,  thnugh  in  a  lew  decree:  (or  t1  hu  hcffl 
shown  by  True  &  Oirlevee  (toD4)  that  the  toxic  action  of  dilute  fto1uti<in»  v^ 
metals  i»  diminished  if  these  ore  treated  with  sand  or  other  indifferent  inJoUW' 
powders,  which  net  apparently  by  rcmovinK  the  ineiallic  caU  (nnn  t)i«  •oIqCmx" 
liy   adfeutptinn. 
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act  as  catalyzing  agents  or  ferments.'  They  also  adsorp  water  in  a 
similar  manner.  This  "imbibition*'  causes  a  swelling  of  the  colloids 
if  they  are  in  a  solid  or  gelatinous  condition  (sec  below).  The  ad- 
sorption is  perhaps  an  electric  phenomenon. 

The  manifold  resemblances  of  colloid  solutions  to  suspensions  sug- 
gest tlut  the  aggregates  arc  in  reality  solid.  There  can  he  little  doubt 
that  this  i^  true  for  some,  for  instance  for  the  colloid  metals ;  but 
the  crjstallization  of  protcids  proves  as  conclusively  that  the  latter 
form  true  solutions.  It  would  seem,  therefor,  that  colloids  may  present 
all  gradations  from  the  solid  to  the  dissolved  .state,  according  to  the 
size  of  the  aggregates.  This  is  not  constant,  even  for  a  given  colloid, 
but  vanes  according  to  several  conditions.  This  fact  is  of  very  great 
importance,  for  the  sict  of  the  colloidal  particles  dttcrmitws  the  fluidity 
and  solidity,  or  the  xiscidity,  of  the  solution;  the  flscidity  iucreasing 
with  the  size  of  the  agKfcgates.  This  determines  the  three  states  in 
which  colloids  may  exist: 

If  the  size  of  the  aggregates  is  comparatively  small,  the  solution 
exhibits  the  ordinary  characters  of  a  flmd;  this  condition  is  called  a 
"soi"  (if  the  solvent  is  water,  a  "hydrosol").  As  the  size  of  the 
3KKTCgate  increases,  the  sol  becomes  more  and  more  viscid,  until  it 
Anally  sets  into  a  jelly,  when  it  is  called  a  "  rcI"  (hydrogel).  The  ge! 
*"cscmbles  a  solid  in  preserving  its  form,  when  it  is  not  subjected  to 
^rxlernal  agencies.  But  it  also  rescmhles  fluids  in  being  readily  changed 
tpy  external  causes,  and  in  permitting  the  penetration  of  water,  and 
^t\t  diffusion  of  crystalloids.  Tlie  latter  penetrate  it  almost  as  rapidly 
^5  they  would  water.  Chemical  reactions  may  occur  in  its  interior  very 
^-riuch  as  they  would  in  water.  Other  colloids,  however,  cannot  diffuse 
I  ^  through  a  gel. 

ProtoptaMH  is  a  gel.  of  various  degrees  of  fluidity.    Dried  colloids 

3y  he  considered   as   very  solid   gels.     If   the  size  of  the  aggregates 

ir^crease*;  still  further  they  are  precipitated,  i.  e  .  they  lose  all  the  char- 

^<rfcrs  of  solutions,  and  become  typical   solids.     The  question  will  nat- 

i^yr-^lly  suggest  itself:     What  determines  the  size  of  the  aggregates? 

Tt    i*5>   a  familiar  phenomenon   (f.  j" ,  in  the  case  of  oil  or  mercury)   that 

►mall  particles   suspended  in  a   liquid  tend  to  coalesce  to  form  larger 

►3r-ti<les.     The  molecular  particles  in  colloid  solutions  possess  the  same 

"<J<Micy,  as  is  shown  by  the  readiness  with  which  they  may  be  pre- 

^P»  tilted.     They  are   only   kept   apart   by   their  molecular   motion,   and 

*>'    t:l-»eir  electric  charges.     The  mnre  the  motion  is  increased   (e.  g..  by 

^^  <'^^*r'4Jsing  the  quantity  of  sohent,  or  by  raising  the  temperature  within 

J*^       limits  which  do  not  produce  rhemic   changes)    the  greater  will   be 

"^      tendency  of  the  aggregates  to   fly  apart,  and  to  form   smaller  ag- 

^K^*tcs.     It   is  quite  conceivable   that   this  motion   and   separation   arc 

^'^^■1>'  electric  phenomena.    We  know  that  the  colloid  particles  may  be 

*^3*"jKed    with    electricity,   either   positive    or    negative.     Since    all    the 

J^""*»des  in  a  solution   are  charged   with   electricity  of  the   same  sign 

*    ^^       i!S  say   with  negative  electricity,   since   this  is  the  case  with  most 

JJ'^toplasm),   they  repel  each  other,  just  as  do  the  gold  leaves  of  an 

'^^^"oscope.     Any  increase  of  the  charge    (negative   in  onr  example) 

'^*^^^^'*es   this   repulsion,  and   consequently   diminishes  the   sire  of  the 

^•^■■^gates  and  the  viscidity  of  the  solution.     If,  on  the  other  hand,  a 

flo  **"    amount  of  electricity   of  the   opposite  sign    (positive)    is   intro- 

svtkr^^'  ^"*^  ^^  ^^^   charges  carried   by   the   particles   are   neutralized 

\^         *hcy  lend   to   coalesce.    If  this    (positive)    electricity  is   increased 

^^^'J*nd  the  point  when  all  the  onRiiial   (negative)  charges  are  neutral- 

^*l.     the  particles   will    become  charged    with   positive   electricity,  and 


■1-.. *  Colloid    metals, 


e.,    metals    in    colloid    solution,    acquire    such    catalyzing 
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again  fly  apart.  These  modifications  may  be  produced  by  Xht  pas«ag^ 
of  an  electric  citrronl;  and  also,  by  the  electric  charges  of  ihe  ions  { 
next  chapter)  of  electrolytes.  The  latter  (salts,  acids,  and  ba*.c5)  may 
therefor  influence  the  state  of  aRRreRation  of  colloids  by  withdrawin(i 
water  and  by  altering  the  electric  cliarges.  There  is  yet  another  way 
in  which  the  state  of  aggregation  may  tw  varied,  viz.,  by  chfmtc  action. 
This  introduces  at  once  profound  changes  in  the  state  of  aggregaiton. 
and  in  the  electric  condition. 

All  these  changes  which  we  have  Just  described  for  colloid  solutions 
may  be  observed  in  lij'ing  celh:  Withdrawal  of  water,  lowering  ol 
temperature,  decrease  of  the  electric  charge,  and  certain  chemic  changes- 
render  the  protoplasm  more  viscid,  opaque,  and  granular,  and  dimin- 
ish its  motility.  A  reversal  of  these  conditions  leads  to  the  opposite 
eflfccts. 

Crystalloids'  possess  relatively  small  molecules,  possess  the  colliga — - 
live  properties  in  a  high  degree   {c  x-  they  can  exert  a  large  osmot 
pressure)   and  diffuse  readily  through  animal  membranes  and  ihroug! 
colloids  generally.     They  do  not  form  aggregates  or  gels,  and  do  n* 
exert  the  surface  actions.    They  are  divisible  into  electrolytes  and  not 
electrolytes  (sec  next  chapter). 


II.  OSMOSIS' 

This  term  is  applied  t(^  tlie  physical  phenomena  \vhi( 
result  when  solutions  are  brought  in  contact  through  meirr^B 
branes  permeable  tu  the  solvent.  It  covers  the  subjects  i~^^ 
diflfnsinn  ami  dialysis. 

1.  Hydrodiffusion. —  If  a  solution  of  common  sail  1^1 
potired  into  a  vessel,  and  on  this  some  water,  it  will  l^Fl 
fnnnd  that,  even  if  every  conceivalile  precaution  has  be^vi^; 
taken  ui>t  tf»  mix  the  li(|nids,  tlie  ii]>])er  watery  layer  w  i/ 
after  a  time  contain  sikUutti  cliKirid  molecules,  and  tinal^Wlv 
the  composition  of  all  layers  of  the  liquid  will  Ijc  unifor^KiL 

This  is  explained  by  the  fact  that  the  salt  molecules  are  con^tai^  *•!? 
in  motion,  traveling  freely  in  all  directions  in  the  liquid,  in  the  sa-^B'T** 
manner  as  gas  molecules.  A  certain  number  will  always  pass  low^^''*^ 
and  into  the  watery  layer,  and  remain  there.  Other  molecules  '^ 
return  from  Ibc  upper  to  the  lower  layer.  Rut  more  will  go  in  i 
first  direction  than  in  the  second,  until  the  proportion  of  molecules 
all  layers  of  the  liq\iid  is  the  same.  Whilst  the  process  is  infinit 
more  slow  than  in  the  case  of  gases,  the  final  outcome  is  precisely  % 
same. 

2.  Permeable  Membranes —  Let  us  suppose  that  we  se[ 
rate  the  two  liquids  by  a  membrane,  instead  of  placing  th< 
in  direct  contact.  If  the  molecules  of  both  salt  and  wai 
pass  readily  thrnug;h  the  physical  pores  of  this  membrai 
the  piienf>mena  of  hydmdifTusion  will  not  be  change<l 
any  essential  feature, 

'  The  clas^ficaiion    ii   not    detcrmineil  by  the   formaiion   of  cryMals,  bwc 
the  characters  fiiven  in  the  text. 
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"X^e  process  of  diffusion  would,  of  course,  be  somewhat  slower,  for  a 
^-*ain  number  uf  molecules  would  not  hii  upon  a  pore,  and  would  re- 
cxnd. 

^A    '*  permeable   membrane,"   then,   slows,   but   does   not 
:I^-»er\Yise  modify,  tlie  process  of  hydrodifFusiun. 

3.  Semipermeable     Membranes — Osmotic     Pressure. —  A 
^mipenncahlc  mcnil>ranc  "  '  is  one  which  allows  the  pas- 
^^  of  one  sort  of  molecules  (usually  the  solvent),  whilst 
-ri  I '>€r\'ious  to  another   (usually   the  dissolved  substance). 
ri-»<^  inteq>osition  of  sucii  a  membrane  between  a  solution 
<rl     its  solvent  introduces  very  imi>ortant  modifications  in 
c      above  process,  and  results  in  the  development  of  "  os- 
<><  ic  pressure." 


E-v«rj'  molecule,  by  striking  against  the  walls  of  the  container,  or 
taitisc  oiher  molccnfes.  exerts  a  certain  pressnrc,  which  is  precisely  the 
im^-  whether  the  substance  is  in  the  form  of  a  gas  or  of  a  solution. 
\i  tli<?  same  number  of  molecules  per  cubic  space  exist  in  two  solu- 
iwms  j.qiaraled  by  a  semi-pcrmeahle  membrane,  the  pressure  will  be 
fpnal  on  each  side  of  the  membrane.  The  nature  of  the  mctlecules  is 
inwnateri^l  in  this,  as  lonR  as  they  all  penetrate  ihrouRh  tlie  membrane 
J"th  «rqual  readiness.  If  all  tlie  molecules  can  pass  through  the  mem- 
"^ti«.  nn  exchange  will  take  place:  but  since  as  many  pass  to  one 
fiidt  as  to  the  other,  there  will  be  no  difference  in  the  pressure  in  the 
1*0  c-r>nipartmcnts.  If,  on  the  other  hand,  the  molecules  on  the  one  side 
'V  I>a^v  ihrougb  readily,  whilst  some  of  the  mtilccules  on  the  other 
**^f  ^^t  not  capable  of  diflfusing  through  the  membrane,  then  the  prcs- 
wre    II)  ilic  two  cnniparlniciits  will  become  unequal. 

Thv  Don-diffusablr  molecules  will  all  rclioiind  from  the  membrane, 
and  s^>  remain  confined  to  their  own  side.  The  diffusible  molecules 
•ill.  like  ga^es.  tend  to  pass  through,  irrespeciive  of  the  other  molecules, 
nnul  ihey  exist  in  equal  concentration  on  each  side.  If  a  solution 
eonM«ting  of  x  molecules  of  salt  and  (y — r)  molecules  of  water  per 
oibic  centimeler  were  inclosed  in  a  closed  vessel  and  separated  from 
wittfr  containing  y  molecules  per  cubic  centimeter  by  a  semi-permeable 
roemhrane.  then  water  would  pass  into  the  solution  until  it  also  con- 
taiiw"!  y  mnlrctilrs  of  water  per  cubic  centimeter.  But  it  would  then 
i!s.-  -r.Ti.-o,,,  jr  molecules  of  salt.  Its  total  molecular  concentration  per 
■uter  w<inld  therefore  he  y  +  J*;  higher  by  t  than  that  of 
'iitsidc  of  the  vessel.  The  pressure  in  the  vessel  would 
tUrcfurc  be  increased  by  x  molecules. 

*nits  cxce.<is  f>f  pressure  is  called  the  "  Osmotic  Pressure,*^ 
"t"  Osmotic  Tension." 


.  •"  process  corresponds  exactly  lo  the  diffusion  of  gases:  so  that 
U  ini\  he  «iid  that  dissolved  molecules  behave  precisctv  like  gaseous 
wwWuIm  (Prtir/  Hors  Thfory). 

"■nt  '■^rnntir  pressure  may  he  measured  directly  b)'  placing  3  sugar 
jnltnirn  in  a  pc*rnus  cup.  the  walls  of  which  have  been  coated  with  a 

*1^  noit    typical    Mnii(>ermcahl«    membrane    is    formed    of    ferrocyanid    of 


5^4 


OSMOTIC    ACTION, 


CH.   XXIV, 


deposit  of  ferrocyanid  of  copper.  The  cup  is  provided  with  a  matw- 
meter,  and  dipped  in  a  vessel  of  water.  By  the  direct  measurcmeiit,  it 
is  found  that  Ihc  osmotic  pressure  exerted  by  a  molecule  m  wlmioo 
corresponds  quantitatively  to  the  pressure  of  a  molecule  in  i^s  form; 
and  the  ostttotic  pressure  obeys  the  laws  of  gases.  As  applied  to  osmolic 
pressure,  these  would  read : 

Boyle-Mar'wtte's  l.aiv:    With  constant  temperature,  the  a<imoiic  ?«*• 
sure  of  a  solution  is  proportional  to  its  concentration. 

Gay-Lussac's  Law:     With  equal  concentration,  the  osmotic  pressure 
^ows  by  Vm  for  each  degree  C. 

Avo^atiro's  La^v:  With  equal  osmotic  pressure  and  equal  tetnper*' 
ture,  equal  volumes  uf  solutions  contain  the  same  number  of  dissolve^ 
molecules,  and  the  same  number  as  would  be  contained  in  aa  cqit^ 
volume  of  gas  of  the  same  temperature  and  presence. 

The   pressure   exerted   by   a   ^ram-moiecule    (the   molecular   weiy^*!^' 
expressed    in    grams)    or   "niol"   of   any    substance    equals   25.34  ^*^1 
mosphercs.     In  a  "molecular"  solution  therefor  (one  containing  a  ir»' 
dissolved   in  a   liter  of   solvent)    the   osmotic   pressure   would  raise 
column  of  water  to  a  height  of  about  725  feet!     The  osmotic  pre*!si» 
of  the  salts  in  the  blood  would  raise  it  about  250  fecL     This  may  s\m 
fice  to  indicate  the  enormous  molecular  forc<j  latent  in  solutions. 

There  exists  some  confusion  in  the  conception  of  moircuior  jo/«/i>' 
(abbreviated  as   "M").     The  definition  given,   that   of   Raoult.  '-    ■■  ' 
doubtedly  the  correct  one.     It   is   inadmissible  10   dissolve   lh< 
water  enough  to  make  a   liter    (Arrhenius's  method),  as  is  c  : 
done  in  making  chemical  solutions. 

Molecular    solutions    arc    sometimes   called    "normal,"    This   is 
jcctionable;    for    the    twnnal   solution    of    chemists    differs    from   t 
molecular    solution,    in    that    the   molecular   weight    i.«   divided  by  t 
valence.    The  normal  solutions  of  physiologists  arc  agam  quite  diflferr" 
from  the  above ;  they  are  simply  saline  solutions  of^  a  strength  of 
to  0.9%. 


An  actual  osmotic  pressure  will  only  be  developed  if  tt^ 
solution  is  confined :  if  it  is  free  to  expand,  the  incomii** 
molecules  will  merely  increase  the  volume  of  the  fluid. 


In  this  way  a  single  molecule  of  a  non-difTusiblc  5alt  would  theor«^ 
ically   be    capable   of   attracting   an    infinite   amount   nf   water   n.rr,"       ^ 
semi -permeable    membrane  —  for    it    is    evident    that    the    nin 
liiO  molecules  per  cubic  space  would  always  be  less,  by  the  h" 
of  salt,  than  they  are  in  pure  water. 

The  rapidity  with   which  water  will  pass  into  the  s^ 
solution  across  the  same  impermeahle  membrane  will.  ^^' 
course,   depend   upon   the  concentration  of  salt;  1.  r,  tV»* 
partial   vacuum  i>f  \\.,0   molectdes  in   the   soltttion.     Tt^ 
rate  of  osmosis  will  therefore  be  slowed  as  the  process  pr<^ 
gresses. 

If  two  solutions  havings  the  same  molecular  concentre 
tion  in  dissolved  substance  {i.  c,  which  are  '*  cqitimoU\'t*' 
lar")  are  sef)aratcd  by  a  semipermeable  membrane  impe^" 
meable  to  the  dissolved  '^ubctnnce.  it  is 
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cfiange  of  liquid  will  occur.  Such  solutions,  having-  the 
same  osmotic  tension,  are  called  "  isotonic  "  to  each  other. 
(In  physiologic  literature  "isotonic"  usually  means  solu- 
tions having  the  same  concentration  as  blood-serum.) 

It  is  scarcely  necessary  to  mention  that  eqiiimolecular  solutions  of 
different  substances  do  not  contain  the  same  percentage  of  the  dis- 
solved salt,  but  the  same  number  of  gram-molecules.  The  molecular 
weight  of  NaCl  being  58.4;  and  of  KCI,  74.4  —  a  744%  solution  of 
the  latter  would  be  isotonic  to  a  5.84%  suUuioti  of  the  former. 

If  one  solution  has  a  greater  molecular  concentration 
than  the  other,  water  will  pass  from  the  weaker  into  the 
stronger  solution  until  birth  have  the  same  concentration. 
The  stronger  is  tlien  calle<i  "  hyper-isotanic  ";  the  weaker, 
"  hypo-isototuc."  Both,  not  being  isotonic,  are  called  *'  a9P- 
isotonic.'* 

Another  class  of  membranes  —  and  by  far  the  most  im- 
portant from  our  standpoint,  since  they  are  most  generally 
represented  in  the  animal  body —  are  only  partly  semiper- 
meable; J.  r.,  tliey  are  partly  permeable  tn  salts,  though  less 
readily  than  to  water;  and  they  are  more  permeable  for 
some  substances  than  for  others.  In  this  case  the  results 
will  be  intermediate  between  permeable  and  semipermeable 
membranes.  They  obey  at  first,  for  the  main  part,  the  laws 
of  the  latter:  later,  of  the  former.  We  may  study  this  on 
several  hypothetic  examples. 

1.  Let  us  assume  a  fncmbrane  perfectly  permeable  to  water  and 
NoCl,  perfectly  impermeable  to  proteids,  and  separating  solutions  of 
these  two  substances.  It  will  he  plain  that  if  the  NaCl  passes  as 
readily  as  water,  it  will  obey  precisely  the  same  laws  as  the  latter;  in 
other  words,  our  NaCI  solution  will  behave  precisely  like  water,  and 
this  no  mailer  what  its  concentration-  With  a  nu*mhranc  of  this 
kind,  the  weakest  proteid  solution  would  in  the  end  be  hyperisotonic  10 
the  strongest  NaCI  solution. 

So  that  equimolecular  solutions  are  isotonic  only  if  the 
separating  membrane  is  equally  impermeable  to  both  dis- 
solved substances. 

2.  XjcX  us  assume  a  membrane  which  is  perfectly  permeable  to  water, 
and  t'i*icc  as  permeable  to  NaCl  as  tc  suRor;  i.  e..  that  if  solutions  of 
equal  concentration  of  these  two  substances  are  diffused  across  the 
mrmbranc  against  pure  water,  twice  as  many  molecules  of  NaCl  will 
pass    in  a   gi%'en  time   into  the   latter  than   of  sugar.^     Let   us  assume 

*  The    rela»l»«    quicltnc«s    with    which    different    suhstancrd    in    equimolecular 
voluHoHA  pua  through  ■  sivtn  membrane  is  called  the  "Initial  Rate  of  Osmosis." 
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that  thi<i  membrane  separates  eQuimolecular  solutions  of  these  two  sub 
stances.  Then,  in  a  given  time,  when  x  molecules  of  sugar  have  bee 
passed  into  ihc  NaCi  solution,  2  x  molecules  of  NaCl  will  have  pas^e 
mto  the  sugar  ^L^Illtion.  A  correij>onding  amount  of  water  will  ai>( 
have  passed  in  order  to  keep  the  concentration  of  the  lUO  molecule 
constant. 


So  that  the  less  easily  diffusible  substance  produces  atP' -«at 
first  a   higher  osmotic  tension  than   the  more  easily  dif — ^kd 


fusible. 


Ii  will  he  readily  understood,  however,  that  when  the  ratio  of  NaCT^Z^O 
molecules  has  become  the  same  in  both  solutions,  the  exchange  ot  «c^*of 
sugar  molecules  will  still  be  proceeding,  and  will  gradually  lessen  th^.«"4e 
difference  in  osmotic  tension  until  both  solutioas,  in  the  course  of  tiroe^^-Ac, 
will  ;i)^ain  become  isotonic. 


It  is  lartijely  by  virtue  of  this  different  permeability  ot" 
the  cell-wall  to  tlilTerent  substances  that  the  cells  of  th» 
body  arc  able  tn  preserve  their  integrity  in  the  face  of  con 
sidcrable  changes  in  their  environment. 


All  cells  are  relatively  impermeable  to  protcids;  iheir  permeability  l^^^"  to 
other  substances  is,  however,  very  different  for  the  individual  tissues  — Jti 
Thus,  the  intestinal  wall  is  impermeable  lo  sulphates,  which  pass  th'.«~:^lK 
kidneys  with  great  readiness. 


^9^ 


If  a  membrane  is  impermeable  to  both  solvent  and  saU.«^ 
no  osmotic  tension  can,  oi  course,  be  <leveloped.  since  thi^  «is 
presupposes  the  more  ready  passage  of  one  molecule  tha^  -asan 
of  another. 

4.  Laws  of  Osmosis. —  Fur   convenience,  the  data  whic^n^cb 

be 


to 


have  been   discussetl  in   llie  preceding  paragraphs  may 
summed  up  in  the  form  of  laws: 

1.  Solutions  separate<l  by  a  inembrane  ]>ermeahle  t^" 
water  tend  to  have  an  i<lentical  molecular  composition,  boW 
in  number  and  kind  of  ni(^)lccides. 

2.  If  the  memliratic  is  perfectly  permeable  to  lw)th  Sol- 
ent and  dissnh-ed  substance,  the  exchange  of  molecules  w    --^^' 
take  place  without  change  in  pressure  or  volume. 

3.  If  tlie  membrane  is  less   permeable  to  the  dissolve  •-^^ 
substance  than  to  the  solvent,  an  increase  of  Uquid.  or  im-       in- 
crease  of  tensi<m.  will  occur  in  the  stronger  solution. 

4.  If  a  membrane  is  differently  permeable   to  one  d    ^iis-M 
solved  suljstaiice  than  to  another,   equimolecular  soluti 
f>i  the  less  iliffusible  substance  will  l)e  hj'perisotonic  to  I — T^e 
more  diffusible. 
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in.  ELECTROLYTIC  DISSOCIATION. 

^ftlcuUtlon  of  Osmotic  Pressure  and  Molecular  Concentration. — 

Since  It  IS  very  tlifticiilt  to  construct  perfect  semi-pcrmtahlc  mcm- 
tr^r\ts.  the  osmotic  pressure  is  not  usually  measured  directly,  but  is 
Bl«='<ilMed  by  diluting  the  solution  until  it  is  isotonic  to  a  known  solu- 
ov^  in  its  eflFccts  on  cells;  the  laking  of  red  corpuscles  beinR  generally 
Jc^»»  as  the  index  (Hamburger's  method).  For  the  determination  of 
ti^  »tioIecular  concentration,  advantage  is  taken  of  the  fact  that  the  boU- 
\^  dind  freezing  point  of  sohitions  arc  proportional  to  their  molecular 
orxrctiiration.  The  determination  of  the  freezing  point,  by  Beck- 
xi's  apparatus,  is  particularly  convenient. 


he  depression  of  freezing  point  (tlenoted  by  ^)  is 
triotly  iinipcirtifnial  to  the  molecular  conceiUration;  every 
tiol  of  substance  per  liter  of  solution  depressing  the  freez- 
ing- fwini  of  water  by  1.85°  C.  and  this  no  matter  what  the 
paturt  of  the  substance  {RaoulVs  Law), 


^^■c-nrding  to  this  law.  the  molecular  concentration,  and  therefore 
tnc  freezing  point,  osmotic  tension,  etc.,  should  lie  calculable  by  divid- 
^"^9,  the  [tcr  cent,  of  the  solution  by  '/m  the  molecular  weight  of  the 
(iii5.r>l\c(]  substance.  This  is  found  to  hold  true  for  conctntrated  solu- 
t^vms  of  all  substances,  and  for  dilute  solutions  of  noH-clcctrolyics  — 
suhstances  which  do  not  conduct  the  electric  current,  such  as  the 
S**"?,  urea,  glycerin,  alcohol,  etc.  Dilute  solutions  of  electrolytes  — 
I*,  acids,  or  bases, —  however,  show  a  greater  concentration  than 
wM  be  deduced  from  Raonlt's  law. 
I  A  solution  of  KaCl  containing  0.584  gram  of  NaCl  per  liter  (equals 
•j»  ninl)  should  depress  the  freezing  point  by  0.0185°.  It  is  found, 
jiftwevfr.  that  its  depression  is  nearer  to  0,03*:  aImo«;t  twice  as  great 
^'^uM  be  expected.  Ver>'  dilute  solutions  of  NasSOi  have  three 
w*  the  calculated  concentraiions ;  tliosc  of  H»PO.,  four  times. 

To  account  for  these  differences,  Arrhnti'us  advance*!  the 
"vpoihesis  that  a  certain  proportion  of  the  electrolytic 
"i^lecules  separate  into  their  constituents:  NaCI  into  Na 
an-lCl;  Xa.SO,  into  Na.  Na,  and  SO^:  H.PO^  into  H.  H, 
^'  and  PO,.  Each  of  these  fractions  exerting  the  colliga- 
^'^f  properties  of  molecules,  would  cause  a  corresponding 
d^ression  of  the  freezing  point.  The  proportion  of  nioJc- 
j'M/rj  ti'/ticA  undergo  this  dissociation  is  proportional  to  the 
rfwiiffoii.  We  can  imagine  that,  as  the  molecules  separate 
"om  each  other,  their  constituent  parts  also  se|)arate. 

ijj?*  dturee  of  dissociation  is  fairly  constant  for  the  same  degree  of 

«»»von    In  i7r   f^ohuion  of  NaCI   (and  in  blood*  abotu  ^S%  of  the 

^  frnlrs  undergo   thi.s    procc*-5.    and    about    the    same    percentage   in 

wular  solutions  of  KCI   or  NHiCl.     Dissimilar  elements,  «nch 

C»,  SOu  rO..  etc.,  have  a  different  constant.     If  several  sails 

U  in  a  solution  —  particularly  if  they  have  a  common  ion  — 
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the  degree  of  dissoeiation  of  each  salt  will  he  less  than  if  it  were 
present  alone  in  the  same  concentration,  but  greater  than  if  it  »«« 
present  alone  in  ihc  concentration  corresponding  to  the  sum  of  the  sev- 
eral salts. 

The  total  molecular  concenlration  of  a  dilute  solution  of  a  single 
salt  correspnnds  to  the  number  of  imdissociated  molecules,  plus  the 
number  of  dissociated  molecules  multiplied  by  the  numl»er  of  |ttfts 
into  which  they  divide.  For  instance,  if  80%  of  (he  NaG  malccultt 
in  a  solutimi  are  dissociated,  the  concentration  will  be  I  —  0.8-r  (q8^ 
2)  ^  16  limes  the  theoretical;  if  80%  of  Na»SOi  is  dissociated,  it  will 
be   1—0.8+  (0.8  X  3)=2A 

Limitation  of  Terms. —  To  avoid  confusion  it  may  be  well  to  con- 
fine the  term  "  mol,"  or  better,  "  moiion."  to  the  molecular  concentra- 
tion actually  deduced  from  the  freezing  point  (1.  c,  1.6  in  the  prccH- 
ing  example  of  NaCI )  ;  and  "  gram-molecule "  to  the  conccntrition 
deduced  from  the  molecular  weight  (1.  e.,  t  on  the  example),  willmoi 
taking  account  of  the  dissociation.  The  abbreviation  "  M  "  is  always 
applied  to  the  latter.  Several  solutions  may  be  related  to  eacli  orkcr 
in  the  following  ways :  Equimolecular  ( same  number  of  grafn- 
molecules)  ;  Equiosmotic  (same  number  of  motions) ;  and  tt<*lQ*^ 
(same  effect  on  a  given  cell). 

The  dissociation  of  salts,  as  revealed  by  the  freezing 
point.  I^ears  a  striking  relation  to  the  conductivit)-  of  »^ 
solutions  for  electricity.  It  has  been  found  that  salt  snlu- 
tions  conduct  electricity  proportionately  letter  the  m^ff 
they  are  diluted.  If.  c.  g.,  a  solution  which  contains  o.i 
mol  has  a  coelTicient  of  conductivity  which  we  will  call 
**  K.''  a  solution  which  contains  only  o.oi  mol  will  have  a 
coefficient  higher  than  ro-  This  increase  is  exactly  pr^ 
portional  to  the  increased  dissociation,  as  estimated  by  llic 
freezing-point  method.  From  this  it  may  be  conclnde*^ 
that  electricity  is  conchicted  (~>nly  by  the  dissociated  par^^ 
Tliese  fractions  of  the  molecules  are  called  ions. 

Theory  of  Ionization. —  Electricity  may  be  assumed  to  const^l  o» 
atorn-likc  elements.  "  electrons."  which  arc  nnited  with  the  ct^mstitortu' 
of  the  salt  molecules.  According  to  the  theory  of  the  twofold  natare 
of  electricity,  there  are  two  kinds  of  electrons,  positive  and  negative 
which  may  l>c  denoted  as  0  and  ©.  The  ©  is  combined  wivli  tlw 
H.  metal,  or  so-called  basic  constituents.  These  are  therefor  said  W 
carry  a  positive  charge ;  consequently  they  wander  to  the  negaii»* 
pole  or  cathode,  if  a  current  is  passed  through  the  solution,  and  tn 
called  caihions.  The  ©  combines  with  the  "  acid  radicle  "  of  a  *>'*• 
or  with  tlic  OH  of  a  base,  which  therefor  carry  a  negative  chari 
to  the  anode,  and  are  called  anions.  In  concentrated  solution^l 
two  charges  approach  sufficiently  close  to  neutralize  each  other. 
the  two  ions  combine  into  an  ordinary  molecule,  e.  g.,  NaCl.  In  dilute 
solutions  they  arc  separated  so  far  as  to  exert  no  attraction.  And  Vt 

as  independent  molecules;  they  might  be  represented  as  Na^^lrf 

A  e      e 

Q      t  or  more  brieByi  as  Ka  and  CI. 
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[Another  hypothesis  is  finding  favor,  according  to  which  there  is 
hut  onr  kind  of  electron,  vir.,  the  negative;  the  positive  electron  being 
merely  an  unsaturated  affinity  for  a  charge.    The  molecule  NaCl  would 

thcrrfoT  be  represented  as  Na'^^O;  the  ions  as  Na  and  Cr\ 
There  is  no  difficulty  in  stating  most  of  the  facts  in  the  terms  of  either 
hj'pothcsis.  but  it  is  more  convenient  to  retain  the  terms  positive  and 
negative  electrons.] 

It  is  scarcely  necessary  to  insist  that  the  ions  arc  not  identical  with 
atomj  (from  which  they  differ  in  that  they  carry  charges),  nor  with 
the  free  elements   (which  exist  as  molecules V     In  a  dilute  solution  of 

A 

NaCI  there  does  not  exist  metallic  Na  (Na       T^a)  nor  gaseous  chlorin 

A  /A 

CI''^CI)»  bm  Na  ions  (Na  )  and  O  ions  (O  ),  whose  properties 
are  altogether  different.  It  must  also  be  remembered  that  this  ioniza- 
tion exists  in  only  a  limited  class  of  compounds,  viz.,  in  all  acids,  bases. 
at)d  sails  {electrolytes),  and  not  in  compounds  which  do  not  conduct 
electricity  { non-electrolytes) . 

The  electric  charges  are  especially  important,  since  they  may  leave 
the  ions  to  combine  with  the  tissue  elements,  so  that  the  electrolytes 
cause  electric  stimulation  of  the  protoplasm  (see  Chapter  XXV,  A). 


IV.  PHYSIOLOGIC  PHENOMENA  OF  SALT  ACTION. 


It  may  now  be  attempted  to  apply  these  pliysical  proc- 
s  of  salt  action  to  the  phenomena  of  life.  It  is  neces- 
xy  to  distinguish  between  is<itonic  and  ^i/iisotonic  solu- 
tions, but  it  will  be  seen  that  salt  action  always  imiduces 
much  the  same  final  results,  although  the  means  by  which 
'hcse  are  brought  about  are  exactly  opposite  in  the  different 
ca^es. 

I .  Effects  on  the  ComposUion  of  the  Cells. —  Most  cells 
oehave  as  if  they  were  surrounded  by  a  partly  semipermea- 
^fc     membrane.     If  the  molecular  constitution  of  the  me- 
dium surrounding  the  cells  be  in  any  way  changed,  this  will 
^ccrt,  in  the  first  place,  a  change  in  the  total  water  or  salt 
Content  of  the  cell.     A  hyperisotonic  solution  will  cause  the 
^vitI-I<lrawal  of  water,  and  a  hypoisotonic  solution  the  with- 
dra"v%-al  of  salts.     If  the  ratio  of  the  different  saUs  in  the 
stirrrDunding  medium  is  not  the  same  as  that  in  the  cells, 
theii"   ratio  in  the  latter  will  also  be  altered.     Again,  when 
salts    are  drawn  out  of  the  cell,  it  must  be  expected  that 
certain  of  its  salts  will  leave  more  quickly  than  others. 


'Ty*.^  change*  will  be  the  greater,  on  the  whole,  the  more  the  com- 
_p»i^*<>i  of  ihe  surrounding  liquid  departs  from  that  of  the  cell.  The 
^^^\   nioltcular  concentration    of   iho    plasma.   lymph,   and   other   lx)dy 

J  '**  'except  urine  and  ga5tric  jnice)  of  all  mammals  is  very  close 
•  ys  mol  per   liter,  corresponding  to  ^^0.56.    The   concentration   of 

'^c  ^^^toplasm  itself  is  somewhat  higher,  since  it  tends  to  be  constantly 

^  1-34 
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increased  by  the  chemical  processes  of  the  cell.  The  normal  concen- 
tration of  ihc  blood  and  lymph  must  he  considered  the  best  for  the 
function  of  the  cell.  lis  maintenance  is  evidently  of  the  highest  im- 
portance, to  judge  from  the  fact  that  it  resists  very  violent  measures. 
It  is  not  altered  hy  the  qiiantily  of  fluid  or  salt  in  the  food;  nor  by 
hydremia  protlnced  by  hemorrhage;  nor  by  thickening  the  blood  hf 
profuse  diaphoresis.  The  intravenous  injection  of  anisotonic  solutionSi 
alters  it  hut  temporarily-  About  the  only  method  of  raising  it  j»cr- 
manently  consists  in  interfering  with  the  regulaling  mechanism,  by 
seriously  injuring'  the  kidneys;  and  tli en  U  proves  fatal  when  the  ^  ap- 
proaches 0.8*  C.  The  importance  of  comparatively  slight  changes  iilj 
the  concentration  is  also  shown  strikingly  by  the  red  blood  corpusclcsi 
These  swell  in  hypoisotonic,  and  shrink  (crenatc)  in  hypertonic  solu- 
tions. If  the  serum  is  diluted  to  ^  0.J5.  the  hemoglobin  begins  to 
leave  the  corpuscles,  their  structure  being  destroyed.'  Tlicre  i<  reason 
to  believe  that  the  same  holds  for  most  other  cells,  and  that  the  limits 
between  which  cells  of  inanim.ils  can  functionate  at  all,  are  comprised 
between  -^o.JS  and  0.6  or  somewhat  higher.  This,  however,  i*  not 
Ihc  limit  of  life:  In  ihe  lower  marine  animals,  ihc  A  of  the  blood 
is  much  higher,  and  in  the  lower  sweet- water  animals  it  is  mu< 
lower.  In  the  former,  a  concentration  equal  to  that  of  the  serum  of 
mammal.s.  would  liberate  the  hemoglobin.  In  other  words,  the  re- 
sistance of  cells  is  somewhat  adapted  to  their  normal  environment. 
This  resistance  is  curiously  developed  in  the  small  fish  Fundulus, 
which  thrives  equally  well  in  sea  water  and  in  distilled  water.  It  is 
due.  in  this  case,  to  a  high  degree  of  impermcalMlity  to  both  water 
and  salts.  With  most  cells,  however,  any  departure  from  the  normal 
ccinccnlration  of  the  liquid  in  which  they  are  bathed,  produce  the 
structiirni  changes  which  wc  would  expect;  these  can  l)e  best  seen  in 
monocellular  organisms  or  ova:  these  show  shrinkage  or  swellmg, 
condensation  or  liquefaction,  precipitation  or  solution.  These  often 
Jcad  to  even  more  important  secondary  dvcompnsitions.  which  may 
cause  the  cell  to  swell  even  more  in  a  hypcrisotonic  solution,  than  they 
do  in  water   (Sollmann,  1904). 

All  these  changes  are  referable  to  alterations  in  the  toU 
molecular  concentration.  The  accompanying  changes  in— 
the  ratio  of  the  different  salts  are  of  at  least  equal  impor — 
tance,  as  will  be  shown  in  the  next  chapter. 

The  cells  have  a   protective  mechanism  against   these  changes,  by^ 
what  may  be  termed  a  selective  pemtcahiUty  of  their  cell  wall;  some- 
ions  passing  in  or  out  of  the  cell  more   readily  than  others.     This  i^- 
so  afljustcd   that    a   cell    will    preserve   its   normal   composition   m   thff* 
face  of  the  ordinary  accidental   changes  of  its  environment;   althouglm 
it   is  not   proof   against   Ihc   greater   artificial   changes.     This   selective 
permeability   varies    for  each   class  of  cells:   some  being   impermeable 
to  one   substance,   and   others   to  another.     Tt   appears   also   a$    if   \hc 
permeability    were    often    greater    in    one    direction    than    in    another. 
Whilst   these   functions  may   be  considered   to  be  physical,   depending 
V   o"    *       "'•'••^ctcr  of   the  cell   wall;   they   are   nevertheless   inli- 
'h  the  normal  structure  of  the  cell,  and  are  greatly 
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^-  Effects  on  the  FuiKtions  of  Cells. —  These  physical  al- 
t^ir^tions  in  the  composition  of  the  cells  entail  corresponding" 
chiEi.Tiges  in  their  function,  consisting  in  a  mild  or  strong 
St i«Tn Illation,  often  irritative;  passing  into  depression  if  the 
chi^nges  have  been  large.  The  irritant  phase  seems  to  pre- 
doT-ninate  with  hypcrisotonic  solutions,  whilst  hypoisotonic 
solutions  tend  more  to  depression. 

'With  most  cells  the  main  changes  fall  upon  their  fn£t- 
atp^zp/ism.     These  nutritive  changes  are  most  pronounced  in 
ih^    cells  of  lowest  vitality.     As  a  rule,  pathologic  forma- 
ticfciis  possess  less  resistance  than  normal  tissue,  so  that  one 
of    the  most  conspicuous  phenomena  of  the  general  salt  ac- 
tion    is   the  breaking-down   uf  patliologic    formations,    no 
matter  what  their  origin,  and  whether  they  are  chemic  or 
anatomic.     Other  specialized  tissue  also  respond  by  their 
proper  functions:  Abstraction  of  water  from  a  ucrzfc  or 
t*fusaif  causes  contraction;  the  unfertilized  eggs  of  certain 
marine  animals  undergo  parthenogenetic  tlevelopment,  etc. 
tj-  IL-ocb.  1899.  1901). 

If  a  very  strong  salt  solution  is  injected  directly  into  the 
circulation,  the  main  symptoms  will  arise  from  the  central 
nervoug  system.  They  consist  in  stimulali(Mi.  with  subse- 
quent paralysis,  being  similar  to  the  eflfects  of  asphyxia. 


^^^*  HffectB  on  the  Blood  and  Lymph.— Fate  of  Salt  Solutions 
j^nio  the  Body. —  In  what  mnccntralion  ami  hy  whatever  channels 
tiS  3re  introduced  into  the  body,  they  will  tend  to  iitcrcasc  the  quart' 
m*y  of  iflood,  or  rather  of  plasma ;  and  to  render  it  more  watery  and 
^^  vi^ifij;  in  other  words,  to  produce  hydrrittir  ffhthnra.  If  isotonic 
h^  JJ'Poisotonic  solutions  are  introduced,  they  will  dilute  the  blood 
Ijy  thc-ip  own  fluid;  if  hypertonic  solutions  are  injected,  the  hlood  will 
J^T"^  fluid  from  the  tissues  until  it  has  resumed  its  original  concentra- 
ior».  -j-|^^  result  will  be  hydremia  in  either  case.  If  anisotonic  solu- 
lori^   arc  introduced,  they  will  temporarily  alter  the  molcctilar  concen- 

It^^  of  the  plasma. 

no    ^^*^^vrr,   thr  blood  f*ossrsxrs  a  remarkable  fotvrr  of  resuming  Us 

"^*»io/  condition:  its  total  molcadar  concentration,  ratio  of  individual 

.■*'"*"'    -Its,  ratio  of  corpuscles  to  plasma,  and  total  qiiantity   (In  almut 

I.     Thi-i  proce«:s  of  restitution  takes  place  very  rapidly :  it  is  far 

r.  I         ■ '^   before  a  quick   intravenous  injection  can  be  completed;   the 

j""^  *^^*ilar   concentration  returns  to  very  near  normal   within  ten  min- 

.'^  '    the   quantiti,'  of  blood   and   individual   constit\ients   are   restored 

*^r^^'^'bat  more  slowly:  btit  they  are  almost  normal  in  half  an  hour; 

^^  ^^    two   hours,    the   blood   presents   only   very   slight    abnormalities, 

^^tV  *^*"  very  large  injections  have  been  made  fSoIlmann.  tooi"). 

.' "*  total  moUcuiar  concentration  is  the  6rst  factor  to  be  restored; 
V\**  *^  accr^mplishrd  mainly  by  the  passage  of  the  dissolved  molecules: 
\hyf'ens<ytonir  solution    is    injected,   the   injected   molecides  leave 
rapidly.    Other  molecules  leave  more  slowly,  and  water 
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is  taken  up  into  the  blood.  As  soon  as  the  normal  molecular  concen- 
tration is  restored,  the  phenomena  become  identical  with  those  follow 
inu  the  injvction  uf  isotonic  solutions. 

H  a  hypoisotomc  solution  is  injected,  the  principal  phenomenon  »_ 
first  is  the  passage  of  molecules  into  tlie  bltx>d,  the  injected  molecule 
leaving  the  plasma  very  slowly.  The  water  also  leaves  only  sraduall), 
».  c.  mostly  after  the  normal  concentration  has  been  reached ;  an- 
then  hy  the  same  process  as  with  isotonic  solutions. 

If  an  isotonic  solution  of  a  single  salt  (sodium  chlorid  or  snlphait:^^^ , 
is  mjectcd.  both  the  fluid  and  the  injected  molecules  leave  the  ctrcul^  ^ 
tion;  the  molecules  somewhat  more  rapidly.  At  the  same  lime,  oth^  ^, 
molecules  enter  the  circulation.  This  process  continues  ( for  abo*-  -^nDt 
2  hours),  until  the  original  quantity  of  blood  and  its  original  compo^^.  ^^y 
tion  have  been  practically  restored. 

It  will  be  seen  that  the  restitution  of  the  blood  consists  in  a  proc^^^^,, 
of  exchange  with  the  remainder  of  the  body.     Tlicre  can  be  no  doc:::^^^ 
that  the  ti-^sues  themselves   (especially  the  musclc-cells;   Engcls.  t 
play  the  most  important  role  in  the  rapid  exchange  which  we  have 
far  described.     The  quantity  of  material  of  which  the  tissue;:  can  i^  j, 
pose    without    visible    change   is    astonishingly   great :    but    very   h-m- gc 
mjcciions  will   give   rise   to  ascites,  effusions,  etc.     In  addition  to     TAr 
tissues,  the  lymph  and   urine  flow  and   all   the  secretions  of  the  h^^dy 
arc   also  increased;   and   to  them   falls   the   work  of  finally   rcmnvin^ 
the  injected  substance  from  the  tissues,  out  of  the  l)ody      The  ti  - 

act  the  part  of  elastic  reservoirs,  as  it  were,  quickly  relieving  the  h\ 

of  the  disturbing  element,  to  again  give  up  the  abnormal  substances  3i 
rapidly  as  they  can  be  removed  by  the  more  slowly  acting  cxcrcmry 
mechanisms. 

Physical  processes,  notably  osmosis  and  filtration,  play  a  very  m- 
portari  part  in  the  exchange  with  the  tissues,  and  in  the  rocreist<l 
lympb-flovv.  Indeed,  it  is  scarcely  necessary  to  invoke  any  viul 
mechanism  for  (heir  explanation. 

4.  Effects  on  the  Urine.' — The  hydremic  plethora  results 
in  an  increased  elimination  of  urine.  The  excretion  of 
water  and  the  injected  substance  is  especially  increased; 
the  other  urinary  constituents  are  generally  decreased,  as 
concerns  their  percentage;  although  their  absolute  quan- 
tity is  usually  increased.  (  The  saline  diuresis  would  tliere- 
fore  result  in  a  **  flushing  of  the  body/*) 

The  concenlralion  of  the  urine  varies  with  the  concentration  of  lh< 
solution   which  has  been   introduced:   it  may  fall   as  low  as  Aqj.      - 
rise  as  high  as  A  3.0"  C    On  the  whole,  the  composition  of  the 
approaches  the  more  closely  to  that  of  the  Wood,  the  faster  the  di  [ 

The  degree  oi  diuresis   (the  total  quantity  exerted)   depends  I. 
on   the  quantity  of  solution    (both  of  the  dissolved   sobsiancr   r 
Ihe  watery   which  has  l)cen  introduced;  but  the   ratf  of  dn- 
quantity  excreted  within  a  short  titne  after  injection)   dcpci 
on    the   concentration    of   the   solution,   if   this   is   given    int* 
(water,  which  is  so  strongly  diuretic  when  taken  by  mouth.  :■ 
ish  the  urine  when  injected  by  a  vein). 

The  diuretic  action  of  saline  solutions  is  largely  physical,  and  can  be 
reproduced  point  for  point  in  dead  kidneys   (Sollmann,  1903  to   1905!* 

'  Exerciae  65. 

■  Kxcreiie   70. 
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effect  on  the  composition  of  the  urine).  It  is  explained 
by  tl»c  hydremic  plethora;  tli<;  increased  Klomerular  pressure,  and  the 
lessened  viscidity  of  the  blood.  This  is  aided,  in  the  case  of  hypcr- 
isoinnic  *iolulions.  hy  the  dehydration  and  5;hrint<age  of  the  renal  cells. 
(This  explains  the  statement  in  the  preceding  paragraph.)  All  these 
processes   favor  glonicrtilar  filtration. 

The  physical  clement  in  the  diuresis  is  especially  conspictjous  in  the 
early  periods  of  the  diuresis,  when  the  changes  in  the  blood  are  rela- 
tively large. 

It  has  been  observed,  however,  that  the  urinary  changes  may  per- 
sist, in  a  slight  degree,  after  the  blood  has  apparently  returned  to 
normal.  This  suggests  the  cooperation  of  a  vital  stimulation,  produced 
by  the  (very  slightly)  altered  composition  of  the  blood. 

In  the  ordinary  secretion  of  urine,  osmosis  appears  to  be  an  ob- 
stacle, rather  than  an  aid;  for  the  molecular  concentration  of  urine 
differs  quite  widely  from  that  of  the  blood  (-i  urine,  ordinarily,  o.y  to 
2.1 ;  extremes,  o.rj  to  j.o;  A  blood,  0.55  to  0.60);  and  the  kidney  has 
to  perform  a  very  considerable  tabor  to  overcome  the  difference  in 
osmotic  pressure.  However,  this  work  seems  to  be  in  no  way  in- 
jurious. 

5.'  The  Role  of  OsmoFis  in  the  Absorption  of  Solutions  from 
Serous  Cavities  and  Lymph-Spaces. —  This  absorption  is  almost  en- 
tirely  physical,    tor    it  occurs  quite   well    in    dead   animals,   although   it 
is   naturally    more    rapid    when    the   circulation    is    iutart.    because    the 
absorbed   products   are   then   more   rapidly  removed.     Osmosis  plays  a 
very  imp*>rtant   part   in   the  absorption,  especially   if   the  solutions  are 
anisotonic.     If   a    hypoisotonic    solution    is   introduced,   osmosis   causes 
the  rapid  absorption  of  water;  with  hypcrisotonic  solutions,  the  volume 
QJ  the   fluid   will  at  first   increase,  until   it   has   become  equimolecular 
^■tfi  the  plasma.     At  this  time,  however,  the  fluid  is  really  hypoisotonic 
^Vfhe    non-diffusible   constilnents   of   the   cells   and   blotid,   so   that   it 
^roiild    be    eventually    absorbed,    by    the    operation    of   osmosis    alone. 
(The  osmotic  absorption   is  quickened  if  the  body  fluids  are  rendered 
^'•'^f-  r^motic,  as  by  nephrectomy)-     Ordinarily,  however,  the  osmotic 
ion   is   very  slow   after  the  solution   has   become   isomolecular ; 

il.tr  factors  intervene  to  hasten  the  process.     Of  these,  filtration 

and  imbibilinn  afe  the  piost  important.  The  /ii/ru/rioH-pressure  is  fur- 
nished especially  by  muscular,  respiratory,  and  peristaltic  movement, 
^bnay  be  nicreased  hy  massage. 

I^^hc  term  "  imbibition "  is  applied  to  the  familiar  phenomenon  of 
■Be  swelling  of  pieces  of  glue,  gelatin,  agar,  tissues,  and  other  colloid 
gels,  when  these  are  placed  into  solutions  (F.  Hofmeister,  i8qo  and 
1891).  This  process  is  quite  distinct  from  osmosis,  although  both  may 
lake  place  side  by  side.    Imbibition  is  probably  analogous  to  adsorp- 

[amburgcr  has  shown  that  when  a  solution  is  placed  in  a  gelatin 
ider.   and   this  is   immersed   in   a  circulating  current  of   the  same 

ition,  the  stagnant  fluid  in  the  cylinder  passes  gradually  through 
gelatm   into    the   circulating   fluid.     The   phenomenon    is   obviously 

logons  to  the  absorption  of  isotonic  solutions  from  serous  cavities. 
helps  10  explain  the  latter.     Hamburger  considers  this  process  an 

ibilion-effcct 

lany  physiologists  consider  that   n'io/  forces  also  cooperate  in  the 

^rption ;    tlic    possibility    of    this    cannot    be   denied ;    but    there    is 

rcely  any  p*j*-itive  proof  in  its  support;  if  it  plays  any  role,  this 
be  quite  subsidiary. 
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6.  In  the  absorption  of  effusions  nr  scrum  from  serous  cavi — 
tics,  the  cooperation  of  osmosis  is  almost  excluded,  for  thesc= 
contain  non-diffusible  protcid  constituents,  as  well  as  the= 
tissues.  However,  the  proteids  of  these  fluids  tend  to-« 
break  down  constantly  into  more  diffusible  molecules  (as* 
shown  by  the  fact  that  exudates  generally  depress  the  frcez — 
ing  point  somewhat  more  than  does  the  blood).  Osmosis^ 
therefore  plays  a  part,  but  this  must  be  relatively  snull — 

The  existence  of  proteids  also  limits  the  operation  of  im 

bibition.    for  proteids   are  not   imbibed   In"   colloids.     Thi*^^ 
leaves  filtration   as  the  main   factor  in  the  absorption  o^ 
proteid-containing  fluids.     The  absorption  of  these  liquid==^ 
is  consequently  a  much  slower  process  than   that  of  salt»"  - 
solutions. 


D- 
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EflFiisioiis  o{  a  molecular  concenlralion  inferior  lo  that  of  the  f 
would    be    promptly    ali<.orhed;    or    raiher,    they   could   not    be    for; 
Since  they,  hke  other  body  fluids,  owe  their  concentration  main]>   u^-^ 
their  content  of  sodium  chlorid,   it  is  evident  that  a  deficiency  of  rht*- 
salt   in  the  liody  will   lend   lo  lessen   the  production  of  cffn-^ions,  a/K     -: 
hasten  tlieir  absnq)tiun.     This   is   the   rational  basis  of  the   treatftwn^T' 
of  nephritic  edemat  by  withholding  salt  from  the  food   (advocatccr- 
by  Widal  and  Javal.  1903).     The  ireatment  is  not  always  entirely  siic  — 
cessful.  for  the  salt  is  not  generally  the  cause  of  the  edemas,  but  .m-.Iv— 
a   factor  in   their  production.     It  is  believed,  however,  that  an   .1 
salt  retention  occurs  in  some  types  of  nephritis,  owing  to  dimin 
permeability  of  the   kidney  to   sails.     These   would  he  most   fav< 
aflFected  by  salt-withdrawal.     In  other  cases,  the  effusions  arc  ren. 
more   efTcclively   by   administering   saU**.   through   their  diuretic   actmt* 
Actual  trial  alone  can  decide  which  form  of  treatment  is  needed  in  ^Si 
given  patient. 

7.  Absorption  from  the  Alimentary  Canal. —  This  is  pn)t>  — 
ably  even  more  dependent  upon  forces  other  than  the  osmo — 
sis  than  is  absorption  from  serous  cavities. 

Filtration  is  very  important,  but  vital  action  cannot  l>e  denied.  Thu-^^ 
it  has  been  shown  that  in  the  excised  and  surviving  intestine,  iir^  ' 
mcrsed  in  a  solution,  a  passage  of  fluid  takes  place  frf>m  the  tumen  I  -^ 
the  surrounding  fluid,  even  when  the  two  fluids  are  identical  ( Colti»  " 
heim,  iSgg).  This  cannot  be  explained  on  any  theory  as  osmolic  F  • 
stops  much  earlier  than  the  muscular  contractions  so  that  it  cannot  Xw^ 
filtration,  and  we  must  be  content  to  call  it  vital. 


-'i 


Osmosis,  however,  has  some  importance  in  intestinal  afr- 
sorption.     The  time  during  which  the  food  remains  in  the 
alimentary  canal  is  ample  to  effect  osmotic  exchanges  be- 
tween the  intestinal  contents  and  the  blood.     An   isotonic 


WATER. 

condition  becomes  establislied  quite  promptly   (but  is  not 
completed  in  the  stomach,  E.  C3tto,   1905). 

T/ii'.s"  equalisation,  with  the  absorbable  salts,  is  akvays 
brought  aboui  in  a  zvay  to  facilitate  absorption:  hyperiso- 
tonic  sohition  being  rendered  isotonic  rather  by  the  absorp- 
tion of  salt  than  by  the  p<.>uring  out  of  fluid;  whilst  hypo- 
isotonic  solutions  are  rendered  isotonic  by  the  absorption 
of  their  water.  (In  other  situations  than  the  alimentary 
canal,  the  equalization  takes  place  more  uniformly  in  both 
directions.) 

These  changes  result  in  corresponding  alterations  in  the 
composition  of  the  cells  of  the  gastric  and  intestinal  mu- 
cosa, which  are  therefore  also  subjected  to  osmotic  salt 
action.  This  causes  irritation.  When  the  irritation  is 
mild,  it  increases  secretion,  absorption,  and  peristalsis. 
More  severe  grades  of  irritation,  however,  produce  emesis 
and   inflammati<in. 

Salts  which  are  not  absorbable  by  the  intestine  (cathartic 
««Us)  arc  reduced  to  isotonic  conditions  by  the  absorption 
of  fluid.  This  fluid  is  retained  in  the  intestine  with  the 
■$iiUs,  increasing  the  bulk  and  fluidity  of  the  intestinal 
<:»ontents.  and  serving  as  a  mechanical  stimulus  to  peri- 
stalsis.   This  explains  largely  the  cathartic  effects  of  these 

V.  ACTIONS  OF  WATER. 

"The  administration  of  water,  in  quantities  larger  than  can  be  im- 
trK^iately  eliminated,  leads  to  a  temporary  increase  of  the  water 
ct»»»''nt  of  the  tluids  and  cells  of  the  botly:  a  removal  of  their  salts; 
it-i£j  Jtcralions  in  the  proportions  of  their  ions.  These  changes  in  turn 
pr<:><liice  physiologic  phenomena,  characterized  especially  by  increased 
»c<rrctions.  and  hy  changes  in  metabolism.  The  effects  vary  according 
to  •*hrther  the  quantity  of  water  is  normal  or  excessive;  and  according 
10    the  channel  by  which  it  is  introduced. 


*"     Intrsvcnous     Injections. —  The     immediate     effects     of     small 
,*"^"^nis.  slowly  introduced   (and  especially  of  hypodermic  injections) 


1>ea 


urenrral  resemblance  lo  those  following  the  injection  of  isotonic 


^"r      Solutions     TTjc    changes    in    metabolism    and    urine   are   probat)ly 

*nt  *^'  *^**^"*'  which  occur  on  taking  water  by  mouth,     larger  doses 

*  *       *"  ■  r    I    injection    introduce    important    modifications.     Hemoglohin 

^^[  t    the   urine,    from    the    laking  of   the    blo<xI   corpuscles.     The 

^'         '     1.   u   is  "flowed  and   the  blood-pressure  is   lowered      The   central 

'^5   ^*'"Js    syvtem    shows    rather    laic    paralysis    and    convulsions.    The 

ny   ^*:^\%  ,ji  tjuile  small,  since    the  hypoisotonic  condition   of   the  blood 

•^    the  renal   circulation  by   the  swelling  of   the  kidney-cells.     The 

'ion  of  water  occurs  mainly  by  other  channels,  so  that  there  is 

V.-'mUv  a  lerous  diarrhea,  increased  salivation,  etc.     The  fatal  dose  of 

^»\rr    (t>y   intravenous    injection)    is    somewhat    smaller  than   that   of 
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normal  saline  solution;  disiilled  water  is  again  somewhat  more  loxir 
than   well   water 

3.  Distilled  Water  is  aUo  markedly  more  poisonous  to  mo$t  lower 
organihuis  and  to  isolated  tissues.  Even  fish  die  quickly  in  oxygenatrti 
distilled  water.  This  effect  is  partly  due  to  traces  of  metallic  impun- 
tics  if  the  distillation  has  l>ecn  conducted  in  copper  stills;  and  to  the 
presence  uf  ammonium  compounds,  if  these  are  not  removed.  Bel 
even  ahsolutely  pure  HiO  is  more  poisonous  than  well  water  This 
is  due  to  the  fact  thai  the  well  water,  which  contains  traces  of  wUlis 
does  not  remove  the  salts  so  thoroughly  from  the  tissues;  iboc 
salts  being  necessary  for  life.  This  toxic  action  cannot  occmr  by  tfif 
drinking  of  distilled  water  by  higher  animals,  which  obtain  their  salts 
from  food  rather  than  from  water:  The  salts  of  the  food  would  in 
all  ordinary  cases  bo  more  than  sufhcient  to  cover  the  deficioicy  of 
salts  in  the  water.  The  statements,  which  arc  occasionally  made,  that 
the  drinking  of  distilled  water  leads  to  toxic  effects,  are  therefor  en- 
tirely groundless :  Distilled  water  is  often  drunk  exclusively  on  »bip»i 
without  any  l>ad  results. 

3.  The  Effects  of  Water  Taken  by  Mouth.—  Absorption.-  Wsier 
is  rather  slowly  absorhccl  Ironi  the  stomach,  where  it  also  delay)'  the 
absorption  of  other  svibstances.  On  the  other  hand,  it  is  ahiorW 
readily  from  the  inlestittc.  small  and  large:  and  in  these  it  fa%rtrs  the 
absorption  of  dissolved  substances. 

The  popular  opinion  that  water  can  be  absorbed  fnim  the  sh*.  " 
not  in  accord  with  experimental  evidence.  The  epidermis  appt^rt 
to  be  entirely  impermeable  to  it.  Bathing  in  cold  water  will  conlf^ 
the  cutaneous  vessels,  and  will  m  this  way  diminish  the  lo&s  of  »4lC 
by  perspiration;  while  hot  water  will  increase  ihe  loss  by  favoring 
diaphoresis. 

1  he  Excretion  of  water  occurs  by  the  kidneys,  lungs,  skin,  and  I'l' 
testine.  The  relative  importance  of  these  channels  varies  with  cotiJ'" 
lions.  If.  for  instance,  the  water  is  taken  hot  (so  as  to  favor  d'lalt''" 
of  the  cutaneou.^  vessels),  it  will  act  as  a  diaphoretic.  If  the  cttnduioij^ 
are  not  favorable  to  diaphoresis,  it  will  he  excreted  mainly  by  the  Vw' 
ncys.  The  diuretic  action  of  pure  water  is  quite  prompt,  strong.  anO 
certain  —  differing  greatly  from  its  weak  effect  on  intravenous  injef" 
tion.  (Probably  because  it  is  rendered  isotonic  in  the  course  of /i* 
absorption,  and  before  it  reaches  the  kidneys.)  The  excretion  of  ufi"' 
may  exceed  ten  liters  per  day.  The  urine  becomes  very  dilute,  ih' 
constituents  being  diminished  in  percentage,  but  increased  in  absnluif 
amount.  The  diuretic  action  of  moderate  quantities  of  water  can  I* 
greatly  enhanced  by  the  addition  of  other  diuretics,  but  if  very  lafgf 
quantities  of  water  are  given,  the  addition  of  diuretics  has  no  furthft 
effect. 

Excessive  quantities  of  water  may  also  be  excreted  by  the  inttstnt 
if  the  conditions  are  favorable,  and  may  thus  lead  to  diarrhea. 

Digestion  and  Absorption  of  Food. —  The  drinking  of  mi->deT*tt 
quantities  of  water  favors  these  processes,  increasing  the  secretion  «» 
hydrochloric  acid,  and  hastening  the  passage  of  food  through  th« 
pylorus.  In  health,  however,  very  considerable  variations  of  the  wJiirf- 
incomc  have  but  little  effect  on  the  utilization  of  fiKxl    <  Spiegler.  igoU 

Metabolism.— The  effects  of  water  on  the  chcmic  processes  in  ih« 
body  are  important.  The  administration  of  large  quantities  of  in»f» 
cause  a  very  considerable  temporary  increase  in  the  urinary  nitrogen. 
as  much  as  ,w^  (Neumann.  i8go).  The  excess  is  excreted  mainly  as 
urea;  the  uric  acid  being  often  unchanged.  The  excretion  of  the  jOw- 
phates  and  sulphates  is  also  increased.  The  removal  of  ctilorids  i» 
so  extensive,  that  their  percentage  in  the  urine  soon  falls  to  a  very  low 
figure. 
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The  excessive  excretion  of  metabolites  is  partly  due,  beyond  doubt, 
to  the  "  Hushittg  out"  of  the  tissues  by  the  tlturesis.  But  if  this  were 
the  only  cause,  ihc  continued  excessive  administration  of  water  would 
ftoon  exhaust  the  stored  waste  products,  and  their  excretion  would 
fall  rather  below  the  normal  figure.  Actual  results  show  that  this  is 
not  the  case;  The  excretion  remains  permanently  increased,  although 
it  docs  not  remain  at  the  original  high  figure  (  Edsall,  1900K  There 
must  therefore  be  an  increased  production  of  these  metabolites.  This 
conclu.sion  is  supported  by  the  results  on  animaU,  although  these  are 
somewhat  different  from  those  obtained  on  man.  Dogs  in  nitrogen 
equillibrium  do  not  show  any  permanent  changes  in  their  nitrogen  ex- 
cretion when  four  limes  the  normal  quantity  of  water  is  administered, 
notwithstanding  the  increased  diuresis.  In  starving  dogs,  however,  it 
may  be  increased  by  80%.  The  explanation  of  these  discordant  results 
is  probably,  that  the  removal  of  the  water  by  diuresis  keeps  step  with 
the  absorption  in  the  fed  animals;  so  that  it  never  comes  to  any  con- 
siderable increase  in  the  water  content  of  the  body,  and  the  metabol- 
ism is  therefore  not  increased. 

It  is  a  remarkable  fact  that  the  administration  of  very  large  quan- 
tities of  water  (to  10  L.  per  day),  continued  for  several  weeks,  is 
apparently  tiitUout  deleterious  effect,  and  does  not  even  create  salt 
hunger  (Gushing  and  Qarke,  Sollmann  and  Hofmann,   1905). 

Therapeutic  Uses  of  Water — The  external  use  of  water 
rests  mainly  uti  the  reflex  effects  of  temperature,  etc..  and 
will  be  discussed  in  another  place. 

The  internal  use  of  large  quantities  of  water  is  advisable 
in  the  treatment  of  certain  dyspepsias.  It  is  especially  val- 
uable, however,  for  its  diaphoretic  and  diuretic  effects. 
The  special  indications  of  diaphoresis  and  diuresis  are  dis- 
cussed elsewhere  (see  index). 

The  changes  in  metaboUsm  ('the  "alterative  effect")  is 
utilized  in  a  variety  of  obscure  comlitions  supposed  to  be 
connected  with  disturbance  of  these  functions.  Weak  min- 
eral waters  act  mainly  in  this  manner.  This  action  is  em- 
ployed particularly  in  obesity,  but  the  results  are  uncertain. 


It  is  difficult  to  say  beforehand  whether  the  breaking-down  of  pro- 
tcid  molecules  will  increase  or  diminish  the  body  fat.  If  it  is  only 
partial,  it  may  result  in  the  formation  of  fat  from  the  proteids ;  if 
carried  further,  it  may  lead  to  the  destruction  of  fat  as  well. 

Cushing  (1905)  has  found  the  administration  of  very  large  quantities 

I     of    cold   water    ffour  ounces  every   fifteen   minutes   whilst   awake)    nf 

j     very  marked   hcncfil   in   typhoid   fever.     It   serves   to  keep   the   mouth 

I      clean:   it  must   have  a   distinct   antipyretic  effect;   and  it   may  aid   by 

eliminating  toxins  and  waste-products. 

The  use  of  water  as  a  vehicle  mu^t  be  mentioned.  Tt  is  very  im- 
portant that  soluble  substances  he  given  in  sufficientlv  dilute  solutions, 
when  it  is  desired  to  obtain  their  remote  action  to  the  exclusion  of  a 
local  action 

4.  The  withholding  of  water  affects  the  metabolism  in  mtich  the 
same  way  as  the  administration  of  salts  in  hyperisotonic  solution: 
The    excretion    of    metabolites    is    at    first    lowered,    by    the    lessened 
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diuresis;   but  as  the  dcslruction  of  protcids  is  at  the  same  lime  in— 
creased,  their  excretion  i^  also  increased  after  a  time.    When  water  i^^ 
again  given,  the  stored   metabolites  are  washed  out,  leading  tn  a  veij^" 
greatly   increased   excretion    (Landaucr,    1895;   Straub.    1899;    Spicglcr^^ 
1901 ). 

Aqua    (U.  S.  P.).—  Potable  water  in  its  purest  obtainable  state.    Th<=- 
limits  of  impurities  are  laid  down. 

Aqua    Deslillata    (IhS  P.).— Distilled    ll'atcr.—  Thc   first    tenth   ot 
the  distillale  is  rejected,  the  next  four-fifths  being  collected. 


VI.   EFFECTS   OF   SALTS. 

The  immediate  effects  of  salts  differ  with  the  quantity  and  dilution, 
and  especially  with  the  channel  by  which  they  are  introduced.  They 
can  be  best  studied  on  sodium  chlorid  which  docs  not  possess  specific 
actions  in  any  marked  dt-prec 

Intravenous  or  Subcutaneous  Injections  of  Nearly  Isotonic  So« 
lutions.— The  general  effects  on  the  quantity  of  blood,  on  the  lymph- 
flow,  and  on  the  urine  have  been  discussed.  The  increased  quantity 
of  bloud  produces  a  very  moderate  rise  of  blood-pressure;  and  this 
perhaps  with  some  direct  salt-action,  results  in  an  increased  cxcitabitit? 
of  the  respiratory,  vagus,  and  vasomotor  centers*  With  normal  am- 
mats,  the  rise  of  capillary  pressure  is  large  and  persistent;  whilst  the 
rise  of  artefial  pressure  and  the  medullary  stimulations  pass  off  quickly. 
hut  without  noticeable  fatigue  In  animals  ivhose  blood-pressure  ii 
low  —  particularly  if  thi^  is  due  to  hemorrahge.*  saline  infusions  bring 
the  pressure  toward  nonnal,  and  maintain  ii  quite  effectually  (sec 
Fig.  51  )■  Excessive  injections  of  saline  solutions  may  cause  death 
from  pulmonary  edema,  or  from  overdistcntion  of  the  heart  They 
may  also  produce  glycosuria  aud  rarely  allnmiinuria. 

These  effects  are  produced  by  all  salts  whose  ions  are  not  specificalljr 
toxic,  e.  g..  by  most  sodium  salts.  To  have  any  effect,  these  must  be 
used  in  rather  large  amounts,  i.  t\.  from  25  to  50  c.  c.  of  the  eighth- 
molecular  solution  per  Kilo  twdy  weight.  Solutions  which  contain  aU 
the  salts  of  the  serum  in  the  proper  proportions  (r  g.,  Locke's  Fluid) 
are  somewhat  better  than  the  normal  (0.9%)  sodium  chlorid  5U3luiion. 
but  the  latter  suffices  for  all  praclicnl  purposes.  The  transfusion  of 
serum  or  hlo>>d  lias  f<.'W  advantages,  and  a  number  of  dani^ers. 

Hyperisotonic  Solutions,  by  ahstrncring  water  from  the  tissues,  pro- 
duce a  much  more  violent  stimulation  of  the  central  nervous  system. 
passing  on  to  convulsions,  but  always  fdlowed  by  depression.  The 
blood-pressnre  shows  a  progressive  fall,  with  temporary  rise  during 
iht  spasms.  The  respiration  is  at  first  nuickencd.  but  becomes  slow 
and  shallow  as  the  blood-pressure  falls.  The  heart  is  quickened,  feeble, 
and  ar>'thmic.  In  the  later  stages  it  may  be  slowed  by  stimulation  of 
the  vagus  center.     Thf  temperature  rises. 

The  diuretic  effect  and  the  local  irritation  are  also  much  greater 

It  is  probable  thai  some  of  the  phenomena  of  umnio  arc  due  to  a 
hyperisotonic  condiimn  of  the  blood,  which  may  reach  almost  double 
the  mirmal  conci-ntriitimi.  in  this  condition. 

HypoJsotonIc  Solutions  act  very  much  like  isotonic  solutions,  but 
arc  somewhat  more  injurious  and  may  lake  the  blood  j 

*  Exerciftc   62. 

'  In  doK>,  a  tosi  of  blood  of  1c««  lhan  3%  n(  the  body  weight  doei  not  lower 
the  blood-prcssurc  for  loniter  than  icn  minutes.  3%  lowers  it  for  an  hour.  Tbr 
pulse  rate  i«  inrreise*!:  this  may  he  followed  by  «  flight  •lowmg.  Laracr 
produce  the  phenomena  of  axphyxia. 
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Therapentic  Uses  of  Saline  Injections. —  These  are  utilized 
mainly  in  two  conditions :  in  shock  and  In  toxemia  ( ne- 
phritis, eclampsia,  infections,  and  ordinary  poisons).  Their 
nse  in  the  latter  condition  rests  on  the  removal  of  the  poison 
by  the  diuresis.^  Saline  injectinns  are  contraindicated 
when  there  is  a  tendency  to  pulmonary  edema;  they  must 
also  be  used  cautiously  in  anuria,  and  must  not  be  persisted 
in  if  a' moderate  injection  does  rot  cause  diuresis. 

VII.  SALTS  TAKEN  BY  MOUTH. 

Local  Actions. —  Salts  in  isotonic  or  hypoisotonic  solu- 
tions have  little  local  action:  in  substance  or  in  hyperiso- 
tonic  solutions  they  act  as  rather  mild  irritants,  without 
destroying  the  tissues. 

(«)  An  extensive  stimulation  of  the  akin,  produced  in  this  manner, 
and  the  reflexes  which  arise  from  it.  explain  the  effects  of  sea  and  salt 
hath*. 

(b)  They  exert  a  similar  stimulation  upon  the  walls  nf  the  alimen- 
txQ'  canal,  Tliis  will  be  seen  principally  in  the  siomach  before  they 
unmrr  dilution.  Their  action  here  is  a  deep  one,  since  they  will  stimu- 
late all  the  cells  with  wh'ch  they  come  into  contact  in  the  course  of 
their  absorption.  Since  they  are  quickly  removed  by  further  absorp- 
tion, they  do  not  cause  any  pcrmancni  change.  In  this  way  they  differ 
from  the  majority  of  gastric  irritants,  which  prnrfncc  a  superficial  but 
persistent  action.  The  stimulation  by  salts  may,  therefore,  be  con- 
tinued for  a  considerable  lime,  and  is  frequently  very  useful  m  ihe 
treatment  of  certain  cases  of  "atonic"  dyspepsia. 

If  salts  are  given  in  large  amounts  and  concentrated  form,  the  irrita- 
lion  may  lead  to  a  strong  innammatinn  —  tn  severe  Rastro-cnteritis 
which  may  be  fatal  in  the  case  of  some  salts  (see  Potassium  Nitrate). 

<c)  Action  After  Absorption.—  The  ingestion  of  salts,  without 
sufficient  water  to  render  them  isotonic,  must  tend  to  increase  the  sall- 
roncenlration  of  the  body.  This  increase  affects  mainly  the  tissues, 
fhc  molecidar  concentration  of  the  blood  remaining  practically  unal- 
tered. This  increased  salt-concentration  is  counteracted  by  the  stimu- 
lation of  two  mechanisms:  a  desire  for  water  (thirst)',  and  the  elim- 
ination of  highly  hypertonic  urine.  If  water  is  given  freely,  the  salts 
arc  powerfully  diuretic.  This  leads  to  an  increased  excretion  of  metab- 
olites, partly  by  Ihe  flushing  out  of  stored  waste-products,  but  also  by 
direct  stimutation  of  metabolism  This  alterative  action  is  especially 
pronounced  in  the  case  of  salts  which  arc  foreign  to  the  body  (potas- 
sium icwbd),  since  they  alter  the  composition  of  tbe  cells  more  pro- 
fnundly  than  an  e<juivalent  quantity  of  a  normal  sail.  Potassitim  salts 
are  therefor  always  preferred  to  those  of  sodium  to  secure  an  altera- 
tive effect 

3.  Therapeutic  Uses. —  The  effect  upon  the  metabolism  is  uncertain 
in  its  outcome,  as  is  the  case  with  all  alteratives.  It  may  be  useful 
especially  in  obesity. 

'  The  foMowing^  mixture  h;*<  licm  rrcomnicmlpd  sn  c»|iccially  ciiurrtic  (S.  A 
Malhcwj.  1904):  NaCI  3.67:  \a)SO«  m.t;  Sntl.  Cilr.  J.j6:  CaCU  a-tj6;  water  ad 
looo.  600  c.  c.  are  inKcic)  iniravcnuuslv  in  2'/m  hours  (at  the  rate  cf  3  c.  c. 
t?cr  minute);  itie  injection  may  he  rejieaied  dally. 
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The  diuretic  action  is  a  very  useful  one.  Its  extent  will  be  propor- 
tional to  the  amount  of  salt  introduced.  The  latter  i*  limited  by  the 
tendency  to  gastric  irritation.  The  salt  which  has  the  Jcast  of  this 
unpleasant  side-action  is  potassium  acetate. 

The  irritant  action  upon  the  stomach  is  useful  in  some  caje«  of 
dyspepsia.    Small  doses  are  used  for  this  purpose. 

With  larger  doses  a  nauscant  and  emetic  action  appears,  and  miy  U 
useful. 

If  the  salts  themselves  are  readily  absorbed,  Ihey  will  incrtaic  tht 
rapidity  of  absorptiiyn  from  the  intestinal  canal.  If  they  arc  not  reidily 
absorbed,  they  will  act  to  some  extent  as  cathartics. 

Since  the  action  of  salts  on  blood  causes  the  precipitation  of  globu- 
lins, ihcy  may  be  employed  as  local  hemostatics.  By  the  withdrawal  ■'[ 
water  they  render  the  conditions  unfavorable  to  the  development  ^'t 
bacteria,  and  are.  therefore,  used  as  prcscnativcs  for  meat,  etc. 

VIIl.  SALT  HUNGER. 

The  maintenance  of  a  certain  saU-contenl  is  indispen*aMc  to  th* 
body,  sodium  chlorid  being  especially  important.  Animal  f*.>od  apptort 
to  contain  a  sufficiency  of  this  salt:  whilst  a  herbivorous  and  «"* 
nivorous  diet  is  insufficient  in  this  respect.  Under  ordinary  conditions' 
the  excretion  of  salt  keeps  perfectly  parallel  with  the  salt  mconj' 
(Falk,  1848).  so  that  a  moderate  excess  of  salt-income  is  practicil'T 
without  effect,  except  on  the  urine.  A  very  limited  salt-income  (>* 
by  an  exclusive  milk  diet)  can  also  be  home  for  a  considerable  tin»f- 
being  meL  by  a  corresponding  decrease  of  chlorid  excretion,  so  that  t**^ 
percentage  of  the  salt  in  the  blood  is  scarcely  altered,  and  no  gcP^>' 
symptoms  whatever  result 

If  salt  is  withheld  entirely  (by  starvation,  or  by  giving  food  prrviotf*' 
ly  extracted   with  boiling  water),  the  tissues  and  blood  gradually  1(**^ 
chlorids    (the  urine  continuing  to  eliminate  traces  until   death).    p*^_ 
free  hydrochloric  acid   also  disappears   from  the  gastric  juice.   Vef^' 
severe  symptoms  rcsnll.     The  anunals  emaciate  rapidlv.  through  anof" 
exia    and    other    interference    with    digestion    and    absorption.    Grt*^ 
muscular  weakness  and  tremors,  with  occasional  convulsions  arr  ^''T^ 
prominent.     The   mental    faculties   are    dulled.     The   urine   and  breiir*; 
contain    acetone.     Death    occurs   after   a   variable   period    fj.   ForsW 
1873).     In   man.   an  abstinence  of  nine  days  is   serious,  but  not  dw^ 
gerous.     The  subject   does  not   return   to   normal   for  a  week  or  t«' 
after  resuming  the  consumption  of  salt   (E.  Taylor,  1004). 

The  urinary  chlorids  are  also  diminished  111  fex'er.     This  is  to  bf  it' 
tributed  in  part  to  the  limited  salt-income  of  the  usual  fever  diet;  l»r 
the   retention    is    much   greater   than   in   health,   for   unknown   rof 
fGarratt,    1904).    The   acute   retention   in   pneumonia  is  due  partly 
the  storage  of  salt  in  the  effusion. 

Sodii  Chloridum  (U.  S.  P..  B.  VA.— Sodium  Chlorid  (Common  Silt' 
NaCI.  Soluble  in  2.8  parts  water,  almost  insoluble  in  alcohol.  \  sir^' 
solution  is  used  as  emetic. 

•rVftf.— CO(NH/)r.     Readily  soluble  in  water  and  alcohol    \Vh»!«^ 
crystals.     Dose  (diuretic) :  0.6  to  1.3  Gm.  (10  to  20  grs.). 

Glycerinum,  Sticrharum  I.actis. —  Sec   Index. 


(B)  CATHARTIC  SALTS. 
I.  MANNER  OF  ACTION. 

A  niimher  of  salts  are  not  absorbed   rearlily   from  the 
alimentary  canal.     These   cannot  produce   the  effects  d^ 
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?nD?a  above,  unless  they  are  injected  into  the  circulation. 
^hcn  they  are  given  by  the  mouth,  their  direct  action  is 
>nftned  to  the  intestine:  they  produce  catharsis  mih  soft 
r  fluid,  painless  stools.  Through  the  catharsis  they  may 
•ckIucc.  indirectly,  a  drying  of  tlie  tissues  and  a  sliglit 
crease  of  gaseous  metabolism.  The  cathartic  action  is 
ainly  the  result  of  the  retention  of  fluid  in  the  intestine 
r  the  osmotic  action  of  the  unabsorbed  salt,  for  this  must 
lain  sufficient  fluid  to  preserve  itself  isotonic  with  the 
nod  (Wallace  and  Cushny.  1898).*  It  is  probable  that 
its  action  is  supix>rted  by  a  direct  stimulant  effect  of  the 
ions. 


I!' 


fluidity  of  stools  would  in  most  ca»cs  be  due  to  the  non-absorp- 
:iti  of  rinid  already  prcst-nt  in  tbe  intestine.  But  should  this  be  in- 
i^ient.  flnid  would  aUo  be  drawn  directly  from  the  tissues,  None 
the  cathartic  sahs  are  probably  altogether  unabsorbable;  their  ab- 
rption  is  favored  and  their  cathartic  action  corre'^pnndinRly  lessened. 
t  ncy  remain  fvtr  a  long  time  in  ihc  alimentary  canal.  This  is  apt  lo 
cur  if  the  tissues  are  very  dry. 

Recent  tmcMtgations  (J.  B.  MacCallum.  1903)  have  shown  that  most 
^Aiartic  salts  also  increase  peristalsis  and   the  secretion   of  intestinal 

tvery  greatly  when  they  arc  injected  intravenously  in  isotonic 
ions,  or  apphcd  to  the  periloncal  surface  of  the  intestine:  more 
J  if  Ihey  arc  administered  snbcutancously.  The  effects  seem  to 
eater  and  more  prompt  than  could  be  accounted  for  by  the  excre- 
of  these  salts  into  the  intestine,  so  that  it  must  be  assumed  that 
ions  proiluce  a  direct  irritation.  It  is  also  suggestive  that  the 
ion*  increase  the  irritability  of  most  other  tissues;  and  that  their 
^:>n  on  the  intestine  is  abolished  by  calcium  chlorid,  which  similarly 
r  t»it5  their  action  nn  the  other  tissues- 
would  be  useless  lo  discuss  the  question  whether  the  general  salt 
or  Ihc  specific  irritant  action  is  the  more  important,  since  both 
to  the  same  results,  [n  the  case  of  magnesium,  where  they  act 
•ppositc  sense,  the  osmotic  action  certainly  predominates  over 
-action. 

2.  ABSORBABILITY  OF  IONS. 

ly  soluble  substance  must  l>e  conceived  as  capable  of 

[ucing  a  ^ah  catharsis  in  proportion  as  it  is  non-absorb- 

But  this  may  be  modified  or  abolislicd  by  other  fac- 


non-absorbable  ions,  the  hroxy  metals  and  alum  produce  a  pre- 
Ition  of  prnieids.  and  in  this  way  an   irritant   or  astringent  effect. 
<tarthy  mctaJs.  Ca,  Sr,  Ba,  are  converted  inlo  insoluble  carI>onatcs. 
'***atcs  and  Fluorids  arc  specifically  toxic  to  protoplasm. 


I 


e  absorption  of  th^  more  important  Jons  is  as  follows: 
a)  Of  the  Cathians  ammonium  is  the  most  readily  ab- 
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sorbeil;   then   come  the  other  alkali  metals.     The  earthy 
metals  are  not   absorbable,   but   mag:nesiiim   is  practicaUy 
llie  only  non-absorbable  kation  which  can  be  utilized  as  a 
cathartic. 

(b)  Of  the  Anions,  the  chlorids.  bromiils,  iodids.  an<^ 
acetates  are  rapidly  absorbed.     The  sulphates,  phosphate^' 
tartrates,  citrates,  lactates,  and  nialates  are  comparatively 
non-absorbablc.  an<l  therefore  possess  cathartic  propenic^- 

(c)  Of  non-dissociable  compounds,  which  are  soluble  am  *l 
non-absorbable.  mention  may  be  ma<Ic  of  certain  sugars 
especially  mannite;  as  also  gums  and  pectins.* 


Why  certain  ions  should  be  capable  of  absorption,  others  not,  cann- 
be  satisfactorily  explained.  Although  recent  investigations  have  shoii 
some  striking  ana1ogit:«<  lictween  tlic  absorption  of  ions  by  the  inie 
tine  and  by  muscle,  and  the  solubility  of  their  soaps  and  calcium  sail 
ii  is  not  yet  clear  whether  this  is  a  mere  coincidence  or  has  a  dee 
meaning. 

3.  THERAPEUTIC  USES. 


The  general  indications  for  cathartics  will  be  discus; 
in  Chapter  XXX.  E. 

The  cathartic  salts  differ   from  vegetable  and   metall 
cathartics  in  causing  much  less  local  irritation.     Tlicy  21*^  "^ 
therefore  especially  useful  in  general  inflammatory  cttnti  "»   ^ 
tions.   such  as   fevers.     They  do.   however,  produce  sott^*  ^^ 
irritation,  and  if  the  alimentary  canal  itself  is  the  seat  r"»  ^ 
intlannnatioii,  litis  nnist  Ije  reduced  to  a  minimum.     Tl»  »  "^ 
may  ht  done  by  giving  them  in  dilute  solution  —  such  ^  ^^ 
they  exist  in  the  natural  aperient  mineral  waters — Hutr»  ^ 
yadi  or  Carlsbad,  etc. 

They  also  exert  an  irritant  action  on  the  stomach,  if  th^^*" 
remain  in  it  for  a  considerable  time.     For  this  reason  th^>^ 
should  l^e  avoided  with  l)edridden  patients,  for  with  thei>^ 
the  passage  of  food  from  the  stomach  to  the  intestine  is     ^'' 
rather  slow  one.     Some  exercise  is  always  useful  after  ta.^' 
ing  salts,  and  this  is  one  of  the  reasons  why  patients  rtcti^'^ 
l^cnefits  from  salt-cures  in  watering-places  which  they  £»'' 
to  secure  at  home. 

Because  of  this  slight  irritation,  they  are  preferre«l  f^^^ 
the  removal  of  liquid  from  the  liody.     The  addition  of    ^ 
small  amount  of  a  vegetable  cathartic  —  rhubarb  or  senna  -^^ 

*  The   latter    have   such    a    brpc   molecular    wriichl    that    th< 


ley    csnnot    wttX   **' 
'    iiy   iheif   flMii  Wiif* 
'bey   forin  ilw  tarativf  principlt  of  many  fruitj;  other   frutit  cunlain  in*ofliif  '-'' 
noti-Absorhable  acid  tallt.  tarlnles.  or  malaiet. 


sreal    %aU    action,    hut    prtxtnce    c»tharKi«    matnly    mrchatitcatty    Iiy    Iheif    aMil 
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seems  very  useful.    The  "  black  draft  " 
sion  of  senna,  is  a  very  good  preparation. 

Just  as  all  other  cathartics,  they  are  of  use  in 
putrefaction,  by  removing  the  putrefying  mass. 

The  choice  bcticecn  the  salt  cathartics  is  very  largely 
determined  by  their  taste.  The  sodium  sulphate  has,  [jer- 
haps.  the  most  disagreeable  tasit;  llie  niagiiesium  sulphate 
somewhat  less  so.  Sotlium  phosphate  is  perhaps  the  least 
disagreeable.  MgO  and  MgCOj  act  as  alkahes  as  well  as 
cathartics. 

We   may  now   take   up  these  salts   somewhat   more  in 

detail. 

4.  SODIUM  SULPHATE. 

This  is  the  most  typical  of  these  cathartic  salts,  being  but 
very  little  absorbed,  and  almost  free  from  ion  action.  It 
has  no  action  on  metabolism.  On  acctnmt  of  its  very  bitter 
taste,  it  is  not  much  used,  except  in  veterinary  practice, 
but  it  forms  an  imix>rtant  ingredient  of  many  mineral 
waters,  e.  g.,  Carlsbad. 

The  kidneys  are  even  more  permeable  to  sodium  sulphate 
than  to  NaCI.  so  that  its  intravenous  injection  produces  a 
copious  diuresis.  The  secretion  of  gastric  juice  is  not  in- 
creased. 

The  stimidant  action  of  hypodermic  or  intravenous  injec- 
tions of  sodium  sulphate  appear  to  surpass  those  of  sodium 
chlorid.  especially  in  phenol  poisoning.*  An  isotonic  solu- 
tion (.J'/f  "f  the  dried  or  4%  of  the  crystalline  salt)  is  used 
in  quantities  of  500  to  1,000  c.  c. 

5.  SODIUM    PHOSPHATE. 

The  phosphates  alsi*  exhibit  merely  a  local  cathartic  salt 
action.  The  presence  of  phosphorus  in  nerve  tissue  sug- 
gested the  use  of  phosphates  and  phosphoric  acid  as  nerve 
stimulants.  There  seems  to  be  no  scientific  foundation  for 
this.  The  phosphoric  acid  of  the  lu'iiie  comes  almost  en- 
tirely from  the  phosphttrus  of  the  nuclcins  of  the  cells.  n«)t 
from  food,  anrl  it  is  doubtful  whether  the  small  amount  of 
phosphates  absorbed  is  ever  utilized. 

When  injected  subctitancously.  they  are  rapidly  excreted  hy  the  in- 
te<.tine  and  kidneys.  The  feces  contain  pho5;phates  even  in  starvation. 
Milk  contains  a  large  proportion  of  phosphates,  and  it  is  possible  that  the 
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administration  of  these  salts  might  be  useful  in  lactation,  but  this  hs 
not  been  demonstrated.  The  administration  of  phosphates  ha*  n 
cflfect  on  nitrogen  metabolism.  Intravenou.sly,  the  phospnatcs  stiraulai 
the  vagus  endin^ES  sinnlarly  to  thyroiodin,  and  they  have  been  ctaimc 
to  be  of  benefit  in  the  same  conditions. 

6.  MAGNESIUM  SALTS. 

Magnesium  salts  are  converted  into  the  acid  carbonate  in  the  sin 
intestine,  according  to  the  formula; 

MgSO.  +  NasCO.  +  H:0  +  COr=  MgCHCO.).  +  Na.SO^ 
In  so  far,  it  is  quite  immateriat  what  particular  salt  be  given  T 
hydrate,  carbonate,  chlorid,  or  sulphate  arc  all  converted  inin  this  ca 
bonate.  However,  in  the  case  of  the  sulphate,  the  sodium  sulpha 
which  is  formed  is,  of  course,  also  cathartic,  so  that  the  effect  is  doiib 
large.  The  hydrate  and  carbonate,  on  the  other  hand,  possess  also  tl 
action  of  alk^ilies. 

When   taken   by   the  mouth,   magnesium   is  never  absorbed   in  su 
cicnt   amount  to  have  any  ion  action.     Injected  intravenously,   it   pr 
duces  much  the  same  effects  as  polassiutn:  paralysis  of  ihr  heart  ai 
the  central  nervous  system. 

These  are  sometimes  seen  in  animals  when  the  solution  contained 
the  mnnometcr  inadvertently  enters  the  circulation.     They  arc  usua" 
not  very  ladling,  since  the  excretion  is  quite  rapid. 

Magnesium  Anesthesia.—  Meltzor  and  Auer  (1905)  have  fou- 
that  a  general  anesthesia,  with  »l>o!ition  of  reflexes,  m.iy  be  prndiic 
hy  the  subcutaneous  injection  of  magnesium  salts  (1.5  Gm.  of  cty^u 
Ime  magnesium  sulphate  per  Kg.  of  body  weight,  used  as  25%  sob  u- 
tion).  The  injection  causes  but  little  pain,  since  the  magnesium  i' 
also  a  local  anesthetic,  llic  anesthesia  is  complete  in  half  an  hour  of 
an  hour,  and  lasts  about  two  hours.  The  blood  pressure  is  but  lit~*(* 
lowered;  there  is  some  diuresis,  but  no  diarrhea.  The  recovery^  *' 
perfect.  Somewhal  larger  doses  arc  fatal,  paralyzing  the  rcspirat» -^^n 
before  the  heart.  The  effective  dose  approaches  the  fatal  so  clos^^lj' 
that  this  method  is  not  available  for  man.  Mcltzer  has,  however,  ii^»<d 
the  intraspinal  method  <i  c.  c.  of  25^)  successfully  in  several  casi-^ 
and    also    in    traumatic    tetanus.     This    produces    sensory    and    rot>**'' 

ftaralysis  of  the  legs  and  pelvic  region,  occurring  in  3  to  4  hours,  ^m( 
asiing  8  to  14  hours.    There  is  also  retention  of  urine  for  one  or  t*^ 
days. 

7.  FERRO-  AND  FERRI-CYANIDS. 

These   belong  to   the   typical   non-absnrbablc   salts,   and   are   r—-^-^  ' 
free  from  cyarid  action.  They  are  not,  however,  employed  as  c:i' 
since  the  HCN   could  conceivably   be   liberated   from   ihcra  bv  — 
They  have,  indeed,  been  very  little  studied.  -»*•• 

Fcrrocvanids  form  in.solublc  precipitates  with  most  metals  (Co,  ^J" 
Fe,  Co,  ^n)  and  with  Strychmn,  and  have  been  suggested  as  ch«-**"^ 
antidotes  to  these  poisons. 


MATERIA  MEDICA  OF  CATHARTIC  SALTS. 

The   doSt  of  these,   unless  specially  noted,  is  4  to  ,V>  Gm.   (f  f  , ' 
drachms)    (tcaspoonful  to  2  tahlespoonfuls)  taken  before  hrcakfa*'    ' 
a  tumbler  of  cold   water.     Doses  of  O-.S  to   i   Gm.    (7^^   to  t^  grv*    *^ 
mildly  laxative.     They  are  practically  insoluble  in  afcohoi 
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Crude  Salts. 

One  part  of  salt  is  soluble  in  water. 
Magntsii    Carbonas    (U.  S.  P.).—  (MgCO,),.Mg(OH),  -h 

5H3O   Pract.  insol. 

(3  Gm.  =  45  grs..  U.S.P.) 
Magncsii   Carbonas    Lctis    and    Magnesii   Carbonas   Pon- 

dcrosus    ( B.  P.) "  « 

Magnt'sii   Oxidum    (U.S.P,)    {Magnesia  Lci<is.   B.  P.].— 

Light  Magnt'sia    "  " 

MgO.     Dose:  2  Gm.^30  grs..  U.S.  P. 
Magnfsii  Oxittum  Pondcrosum   (U.S.P.)  [Magnesia  Pon- 

derosa,  B.P.\. —  Heaiy  Magnesia   "  *• 

MgO.    Pose:  2  Gm.  =  30  yr^..  U.S.  P. 
Magnesii     Suiphas      (U.S.P..      B.  P.),~-Bf>som     Sail.— 

MgSO.  +  7H,0  0.8s 

Potassii   Bitarlras    (U.S.P.)     [Potasst'i     Tariras    Acidus, 

B.P.].— Cream   of  Tartar.     KHC.H.Oa aoa 

pose  as  diuretic:     2  Gni.  =30  grs.,  U.S.P. 
Potassii    et    Sodii     Tartras     (U.S.P.)      [Soda     Tartrala, 

B.V.l—Rochelie  5j^/.— KNaCH.O,  +  4H,0 12 

Potassii    Sulphas    (U.  S.  P.).— K,SO<.      Dose:    2    Gm.  = 

30  srs.,    U.S.P 9. 

Sodii    Phosphas     (U.  S.  P.,     B.  P  ).—  Na,HPO.  +  \2\\zO. 

Dose:   2  Gm.  =30  grs..   U  S.  P 5.5 

Sodii  Phosphas  Exsiecatcss   (U.  S.  P.).— Na^HPO,.  Dose: 

r   Gn).^=i^  grs.,  U.S.P 

Sodii  Pyrophosphas  (U.  S.  P.).—  Na.P.OT  +  loH/).    Dose: 

2  Gm.^30  grs.,    U.S.P 11.5 

Sodii     Sulphas      (  U.  S.  P  .      B.  V.).— Glauber's      Salt.— 

NarSO.  +  loHjO    2.8 

Saccharum  I.actis  (U.  S.  P.,  B.  P.).— .l/j7fr  ^M/jar— Prepared  by  evap- 
orating and  crystallizing  the  \vl>ey  of  cow"?  milk.  CuJInOii  4-  HsO. 
Hard  white  crystalline  masses  or  powder.  Sol.  in  4.79  water,  m<<o\.  in 
alcohol.  9  to  15  Gm.  (2  to  45),  m  warm  milk  an  hour  before  break- 
fast, causes  a  soft  stool.  Smaller  doses  (pure  or  as  milk)  arc  efficient 
for  diuresis.  Milk  Sugar  is  also  i]<icd  to  facilitate  the  comminution 
of  powders,  on  account  of  its  hardness.  It  is  further  employed  as 
sweetening  agent,  especially  for  powders;  and  in  infant  foods. 

The  Citrates  are  considered  in  Chapter  XXV  (see  Index). 


Effervescing  Salts. 

Puht's  Efferveseens  Cnmpositus  (U.S.P.)  [Puh'is  Sod(P  Tartrattr 
Effemescens,  B.  P.]. —  Seidlitz  Pmi'drr. —  The  blue  paper  contains 
Roehellc  Salts  (7.3  Gm.)  and  Sod.  Bicarb.:  the  white,  tartaric  acid. 
Each  is  to  be  dissolved  separately  in  a  little  water,  Uie  solution  mixed 
in  a  large  tumbler,  and  drunk  whilst  efTervescing. 

The  do^e  of  the  other  efTer\*esccm  sails  is  one  to  two  teaspnonfid*:. 
dissolved  in  cold  water  when  needed,  and  drunk  immediately.  All 
the  aliove  sails  are  prepared  in  effervescent  form  by  manufacturers. 
The  following  are  official  in  the  respective  Pharmacopoeias : 

U.  S.  P. 
Magnesii  Sulphas  Kffervesccns  —  ^0%. 
Socfii  Phosphas  Efferveseens  —  20%  of  exsiccated. 
Lithii  Citras  Efferveseens  —  5%. 

Study   Materia   M^dica  Lesson  43. 
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B.  P. 
Lithii  Citras  Effcrvcsccns. 
Ma^csii   Sulphas   Effcrvcsccns. 
Sodii   Cilro-tariras  Effcrvcsccns. 
Sodii    Phosphas  Effcrvcsccns. 
Sodii  Sulphas  Effcrvcsccns. 

Liquid  Prcparatlont. 

Liquor  Magnesii  CHratis  (U.  S.  P.). —  An  effervescing  solution.  put 
up  in  bottles  of  360  c.  c.  (12'^),  containing  15.  Gm.  (5^5)  of  \^Wag* 
ncsium  Carbonate,  dissolved  by  Citric  Acid.  Dost:  one  bottle,  in-  ^^ 
vidcd  doses. 

Liquor  Magnesii   Carbonaiis    (B.  P.). —  A   2%   carbonated   soluS 
Dose:  ^o  to  60  c.  c.  (1  to  2  02s.). 

Liquor    Sodii    Phosphatis    Cotnpositus    (U.  S.  P.). —  too    c  c.    of 
solution  contains   100  Gm.  of  sodium  phosphate,  4  Gm.  of  sodium 
Irate,  and  13  Gm.  of  cilric  acid.     Dt/jc:  8  c- c.  =  25  (U.S.  P.). 


C.  DIURETICS.* 

Diuresis    (increase  of   the  quantity  of   urine)    is  produced  by  fnJ*"^ 
substances  aclinjr  by   various   mechanisms,  and   belonging  to  differ^^ 
groups.     The    whole    subject    may,    however,    t>e    summariied    in    **V1 
place  as  a  considerable  proportion  of  the  diuretics  act.  at  least  in  p^^ 
by  salt  action. 

The  details  of  the  actions  of  diuretics  will  not  be  discussed  in  t»* 
summary.     They  may  be  found  by  referring  to  the  individual  dnijf*- 

Diuretics  may  be  divided  into  the  following  classes; 

1.  Acting  through  changes  in  the  genera!  circulation. 

2.  Acting  purely  by  local,  irritant  stimulation  of  the  kidney-<cll^* 

3.  Acting  by  non-irritant  stimulation  of  the  kidncy-cells. 

4.  Acting  mainlv  by  salt  action. 

I.  Diarctics    ^yhich    Act   by    Influencing   the    General    Clrc«0* 
tion. —  The  secretion  of  urine  is  roiiRhly  proportional  to  the    Rlom^''" 
far  blood-pressure     This  may  be  raised  by  increasing  the  work  of 
heart,  as  by   Digitalis   (which  acts  also  by  increasing  the  pulsc-w 
lessening    venous    congestion,    and    rendering    the    blood    hydretr*' 
Vasoconstrictors  generally  act  very  powerfully  on  the  renal  arter* 
so  that   they  tend   to   lower   the   glomerular  pressure,   nolwilhsian 
the   rise   of  general   blood-pressure.     Vasodilators   also   tend    to  lo 
the    glomerular    pressure.     They    are    ii«eful.    however,    when    a    vSi 
constriction  is  to  be  counteracted,  as  with  Digitalis  or  Caffcin. 

a.  Irritant  Diuretics. —  Moderate    irritation    raises    the    glomcT"* 
pressure    by    dilating    the    renal    arterioles.     It    is    conceivable    thr** 
also  stimulates  the  vita!  secretory  activity  of  the  cell.     Exeessix,- 
tion.  on  the   other  hand,   produces   venous  congestion,    which    i 
the  filtration  of  urine  l^y  compressing  the  tubules.     The  cells  arc    "T^. 
injured,  as    shown   by   the   appearance  of  albuminuria;   and   their    X^^ 
meability  is  thereby  lessened. 

Irritant   diuretics   are  very  numerous  and   only   a   few   of  the  te^^ 
important  can  be  mentioned  : 

(a)  Essential  Oils, —  Especially  turpentine,  juniper,  cubcha.  etc 

(b)  Hydrocarbons. —  Alcohol,  urethanc,  urotropin.  etc.    These  pf'^^ 
duce  only  a  mild  irritation. 


*  Exerciftca  64,   65.   69  to  72. 
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(The  diuretic  action  of  beer  is  dwe  mainly  lo  the  rapid  ingestion 
of  its  water;  at  least.  Rapacl  (1894)  failed  to  discover  any  difference 
in  ihe  daily  excretion,  whether  a  Hut  of  water  or  of  beer  was 
taken. ) 

(r)   .Absorbable  Metals. —  Especially  Calomel. 

id)  Aromatic  Scries. —  All  the  members  of  the  scries  are  diuretic, 
and  this  is  commonly  encountered  as  a  side-action ;  it  can  be  used 
practically  only  in  a  few  instances,  as  with  Uva  Ursi  and  Piperazin. 

ie)  Glucosids. —  These  arc  closely  related  to  the  aromatic  scries. 
Here  belong: 

Broom  Tops  (Scoparius).  These  owe  their  diuretic  action  lo  Sco- 
parin.  The  alkaloid  Spartein  (.see  Index)  does  not  conlrihiite  to  it. 
Dose  of  Scoparius   (Extractum  Scoparii   Fhiidnm):   1.0  to  4.0  c.c. 

Asparagus  lops  seem  to  act  similarly.  They  are  given  in  4  c.c. 
doses  of  the  fluidcxtract. 

Corn  Silk.  Trilicum,  Ciuaiac,  etc.  may  be  counted  in  this  group. 

Cantharidin,  Aloin.  etc.,  are  too  powerful  for  therapemic  use. 

(/)  Acids,  Alkalies,  and  Some  Salts  {notably  Nitrates)  are  also 
mildly  irritant. 

3-  Stimulant  Diuretics.—  This  is  the  place  generally  assigned  to 
caflTein  and  theohroinin ;  part  of  their  effect,  however,  is  due  to 
peripheral  dilation  of  the  renal  arterioles.  No  irritant  action  lias  been 
described  for  caffcin  and  theobromin  even  for  large  doses;  hut  it  has 
been  noted  with  l{>cocin.  However,  large  doses  of  caffcin  interfere 
with  diuresis  by  central  vasoconstriction.  This  is  to  be  counteracted 
by  chloral  or  nitroglycerin. 

4.  Saline  Diuretics. —  Water,  salts,  sugars,  urea,  etc.,  act  by  lessen- 
ing the  viscidity  of  the  blood,  thereby  increasing  its  fillrability  and 
raising  the  glomerular  pressure;  by  shrinking  the  rena!  cells;  and  by 
preventing  the  reabsorption  of  water  from  the  tuhnlcs.  In  addition, 
it  is  rather  probable  that  they  cause  the  stimulation  of  the  vital 
activity  of  the  kidncy-ccHs.  This  is  most  pronounced  in  the  case  of 
milk-sugar;  urea;   iodids;  nitrates;  alkalies;  and  actds. 

Water  may  be  rendered  more  palatable  by  carbonic  acid,  or  by 
giving  it  as  lemonade,  or  as  teas.  Tlicsc  additions  enhance  its  diuretic 
effect. 

Normal  Saline  solution  may  be  injected  hypodermically  or  by  rec- 
tum. The  following  mixture  has  been  found  lo  produce  an  especially 
large  diuresis,  and  has  been  recommended  for  the  removal  of  toxins, 
etc.  (S.  A.  Mathews.  ig04)  :  NaQ,  3-67:  NajS04.  lo.l ;  CaCI-,  0.136; 
Sod.  Citrate.  3.36;  Water,  1,000.  600  c.c.  per  day  of  this  are  injected 
very  slowly  into  a  vein  (3  c.c.  per  mintitcl. 

Miik  is  a  ver>'  efficient  diuretic,  acting  partly  by  its  water,  partly  by 
its  sugar.     Milk-sugar  and  Urea  are  given  in  doses  of  10  to  30  Gm. 

Diluted  Inorganic  Acids  (in  the  form  of  lemonade)  are  rather  too 
irritant  to  the  stomach  and  kidneys,  and  are  to  lie  used  only  if  an  acid 
action  is  distinctly  indicated. 

Alkalies  are  very  effective;  they  also  render  the  urine  alkaline. 
Free  alkalies  and  carbonates  are  not  used,  since  they  interfere  with 
digestion.  The  effect  is  obtained  from  organic  acids  and  their  sails 
^especially  the  acetate  or  citrate  of  potassium),  which  are  oxidized 
t(>  carlwnates  in   the  body. 

Iodids  and  Nitrates  are  given  as  the  potassium  salts.  The  iodid 
acts  too  powerfully  on  other  fimctions  to  be  used  as  a  pure  diuretic. 
The  reputation  of  lithium   is  unmerited. 

The  comparative  diuretic  effect  of  these  drugs  on  normal  man 
was  investigated  by  Raphael  (1^04).  w>io  placed  himself  on  a  nnifcirm 
diet   for   prolonged   periods,     He   consumed   daily    1,180  c.c.   of   fluid; 
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the  quantity  of  urine  on  this  diet  anwunled  to  750 — 960  c.  c.    Undf 
the  influence  of  drugs,  it  was  increased  by  the  following  percentage - 

0.5  Gm.  CaflFein-Sod.-Salicyl- 
73%.  —42%. 

0.5  Gm.   Diurctin —   2% 

1.5    "  "  14% 

3.      "  "  5J%. 


1,000  c.  c.  water —  100%. 
1.000  c.  c.  carbonated  water 
1,000  c.  c.  beer — 100%. 
r,ooo  c.  c.  claret  ^80%. 
1,000  c.  c.  milk —  153%. 


30  Gm.  milk-sugar  —  34%. 
0.4  Gm.   turpentine  —  ll%. 
O^  Gm.  01.  Jnnip.  -r  1,000  c.c 
water —  111%. 

In  dtsrasc,  the  results  would  probably  not  be  quite  the  same.  "PW^ 
choice  of  the  diuretic  must  be  dclerniiucd  by  the  condition  of  the  ki<^ 
neys,  and  by  the  object  to  be  accomplished.  A  combination  of  ^cvcF"^*-' 
diuretics  is  often  most  effective;  they  arc  generally  adminiMei 
witli  plenty  of  water. 


io^»^^ 


The  indications  for  diuretics  are  as  follows: 

1.  The  rcwoi'ol  of  liquid  from  the  b<xly.  in  the  van* 
forms  of  drn|>sy.     In  ihis  case  it  is  well  to  employ  ih^«ni 
with  as  little  fluid  as  ix»ssible,  _ 

If  the  tiropsy  is  of  cardiac  ori^i^in  drugs  of  the  digital  "^^ 
series,  comhinecl   if  necessary   with   nitroglycerin,  are  *^^"^5__| 
most  efficient  diuretics,  and  salts  may  also  be  added.    If       ^1 
is  of  metabolic  origin.  l)enefils  may  follow  salts  or  arser**^^^ 
If.  however,  it  is  of  rctwl  origin,  diuretics  should  be  avoici^=" 
altogether,  aitd  recourse  shtuild  be  had  to  diaphoresis. 

2.  To  rcnjovc  toxic  substances  front  the  organism,  whe't  ■^j 
er   these    have  been   ititroduced    from   witliout   or    fnmi 
within  the  Ixuly.   a   free  sn|)ply  of  water,  in  the   form 
infusions,  supported  by  the  irritants,  salts,  or  theobroni* 
fulfils  the  indication.     The  hypodermic  injection  of  la*" 
amounts  of  nortnal  salt  soltition  is  a  most  effective  metl**^ 
Irritants  must  be  avoided  if  the  kidneys  are  intlamed.  o«" 
the  poison  is  itself  irritant. 

3.  To  dilute  the  urine:   This  may  be  useful  (a)  to  rcn<J^ 
it  less  irritant  to  the  urinary  passages  in  nephritis  or     ''^" 
flammation  of  the  bladder  or  urethra;  it  also  serves  a  us^** 
purpose  in  frequently  wasbing  out  the  pus  and  bacteria-       1 

(b)  To  prevent  the  formation  of  calculi,  or  to  rcm^*'^ 
concretions  formed  in  the  urinary  tubules  (as  in  oxalai^^ 
poisoning). 

(c)  To  dilute  irritant  poisons,  whose  action  on  the  J^''"' 
neys  is  proportional  to  their  concentration. 

For  the  dilution  of  the  urine,  water  supported  by  th( 
bromin  is  of  the  greatest  service. 
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Nephritis  contraindicates  irritant  diuretics,  and  such  as 
will  become  poisonous  if  they  are  not  excreted  (potassium, 
digitalis,  mercury). 


CHAPTER  XXV. 
ION  ACTION  OF  SOLUBLE  SALTS. 

In  nddition  to  the  osmoiic  .iction-v  which  bavo  just  been  described, 
electrolytes    show    effects    which    are    iliie    to    their    constituent    ions. 
These  actions   are   generally   proponioaal    to   the  dcRree   of  ionization; 
The  comparatively  firm  mercuric  albuminate  is  much  less  active  than 
the  ionized  mercuric  chlorid;  fcrrocynnids.  in  which  the  iron  does  not 
exist   us  an   ion,  acts  quite   differently   from    ferrous   saUs,   and   these 
aRain   differ   from    ferric   sahs.     Gaseous   chlorine  docs  not   behave   at 
all   like  the  chlorine  ion  of  NaCl ;  etc.     Tlie  cbemic  behavior  varies  in 
the  same  way  with  the  degree  and  state  of  ionization.    The  ions  may 
act    by   entering   into  chcmic  combinations   with   the    protoplasm,   pro- 
cluctng   various  compounds,  synibese*;,   nnd   decomposition's,  and   there- 
by   lead   to  functional  change?.     They   may  also  alter  the  permeability 
of    the   cell-wall.     Besides   these  chcmic   actions,   it  appears  more  than 
probable   that    the   electric   charges   carried   by   the   tors   exert   actions 
v*'hich   are  independent  of  the  clicmic  nature  of  the  ions.     These  latter 
actions  may  well  be  termed  "  etcctron-attions,"^  whilst  the  sum  of  the 
ohemic   and  electric  actions  produced  by  the  ions  may  be  grouped  to- 
gether as  "specific  ion  actions."    It  is  quite  conceivable  that  the  chcmic 
actions  arc  also  in  the  last  instance  resolvable  into  electric  manifesta- 
tions.    But   since   the  proof   for   this  has   not  yet  been    furnished,  and 
aiincc   the  two  classes  of  actions  exhibit  striking  differences,  It  is  well 
^o  keep  them  apart,  in  so  far  as  this  is  practicable. 

A.  ELECTRON  ACTIONS.^ 

By  this  term  we  understanrl  tlmse  actions  which  are  pm- 
<liiced  by  the  electric  charges  carried  by  ions.  These  modify 
tilie  electric  conditinn  of  the  protoplasmic  colloitls,  and  hence 
"tlieir  viscidity.  This  leads  to  important  modifications  of 
^unctions. 

The  existence  of  these  acti*>ns  is  shown  by  the  fact  tliat 
^.11  electrolytes  produce  certain  effects  in  comtnon.  which  are 
Tiot  produced  by  non-electrolytes.  For  instance,  an  egg- 
alhiifiiin  solution  cannot  be  coagvdated  by  heating  when  the 
electrolytes  have  been  removed  by  dialysis.  The  coagula- 
Wlity  is  restored  by  the  addition  of  electrolytes,  but  not  by 
"non-electrolA-tes    (sugar,   etc.).     These  effects  are  largely 

'  Many   autlwrs  nse  the   ifrm   "ion  aclions '*  to  designate   what  ii  h«re  called 
•kctTon-actionf.  ^         .  .       « 

s  Coniult   Kxcrciscs  46  and  70.     Consult  pages  5»  and  s^S- 
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independent  of  the  chemic  properties  of  the  ions,  but  vary 
with  their  electric  prr*perties.  such  as  the  sign  of  their 
electric  charge  and  the  ease  with  which  they  pari  witli  this. 
The  effects  agree  with  those  of  positive  and  negative  electric 
stimulation;  anions  and  cathions  tend  to  produce  op|M)site 
effects,  the  action  of  an  electrolyte  being  determined  by  the 
predumiualitig  ion;  analog<ius  phenomena  are  exhibited 
when  electrolyies  are  atlded  in  solutions  of  colloids. 

A  sokuion  containing  a  single  electrolyte,  no  matter  what 
the  chemic  nature  of  the  latter,  is  fatal  to  all  forms  of  life. 
This  toxicity  can  be  greatly  lessened  by  the  a<]dition  of  a 
second  salt ;  fc»r  perfect  functionation,  several  sails  arc 
necessary,  in  a  definite  *' balancefl  "  ratio;  departures  from 
this  ratio  modify  the  functions  of  the  cell,  and  larger  changes 
are  fatal.  The  mineral  constituents  of  cells  are  therefor 
indispensable  to  life. 

Proofs  of  the   Existence  of  Electron    Action. —  J.  Loch    (igcu>. 

to  wham  we  are  mainly  indelilcd  for  llie  physiologic  conception  of  the 
electron  actions,  reasoned  from  the  well-known  stimulant  effect*  of 
galvanic  flectricity,  that  the  electric  charges  of  ions  should  also  have 
corresponding  effects.  Thi,';  presumption  has  been  well  supported  by 
the  experimental  results  on  living  organisms,  and  is  explained  by  the 
physical  researches  on  colloids,  as  has  been  indicated  in  the  preceding 
chapter. 

To  demonstrate  the  electron  action,  it  was  necessar>*,  first  of  all,  to 
eliminate  osmo<.is.  This  may  he  done  by  employing  isotonic  solulirms, 
or  by  experimenting  on  animals  which  arc  not  affected  by  osmo«is- 
For  instance,  a  small  fish,  Fundulus,  and  its  ova.  have  a  most  remark- 
able resistance  to  osmotic  changes,  living  quite  well  in  distilled  water, 
and  in  sea  water  the  molecular  concentration  of  which  has  been  more 
than  doubled,  h  will  die,  however,  if  it  is  placed  in  a  solution  of 
any  single  salt;  but  not  in  solutions  of  non-electrolytes. 

It  was  much  more  difficult  to  exclude  ordinary  chemical  changes  as 
the  cause  of  the  phenomena  which  might  be  attributed  to  electron 
action.  Even  now,  a  camplcte  separation  nf  the  two  is  nol  possible; 
but  the  connection  between  the  electric  properties  of  the  ion  and  its 
physiologic  action,  suffices  to  establish  the  existence  of  electron  ac- 
tions. 

The  effect  of  electrolytes  on  colloidal  solutions  is  one  of  the 
most  conviiicinf?  proofs  of  electrmi  action.  These  phenomena  were 
investigated  by  Hardy  (i8gg  and  kxk))  It  was  stated  01:1  page  <uti 
that  the  colloid  aggregates  are  kept  in  solution  by  their  electric  charges. 
These  are  not  at  all  influenced  by  the  addition  of  non-electrolyte*, 
such  as  sugar  or  tirea.  But  they  are  increased  or  diminishrd  by 
electrolytes.  Colloids  with  negative  charges  are  precipitated  ^ 
cathions  and  rendered  more  fluid  by  anions,  and  vice  versa.  The  ac- 
tion of  different  ions  of  the  same  sign  differ  quantitatively.  Tbi^  can 
be  studied  by  comparing  the  effects  of  different  anions  combined  with 
the  same  catbion.  in  equimolecular  solutions,  and  vice  versa.  It  i»- 
crfast-s  generally  xvith  the  valency.  //  and  OH  are  also  very  strong 
ions,  so  that  acids  act  as  cathions,  alkalies    as  anions.     The  action  of 


^'9 


TOXICITY   OF    IONS. 


551 


an  electrolyte  equals  the  algebraic  sum  of  the  action  of  its  ions.  For 
instance,  it  the  strength  of  a  cathion  "A"  is  expressed  as  -+-2,  of 
an  anion  "  B  *'  as  — i,  and  of  anion  "C"  as  — 4;  ihcn  a  salt  "  AB '* 
would  ha%e  an  action  of  -f  i ;  "AC"  of  — 2.  By  the  use  of  this 
method.  Pauli  (1903)  has  found  that  for  egg  albumin  the  cathions 
Mg,  NHi,  K,  Na,  and  Li  precipitate  in  this  order  (Li  most)  ;  whilst 
the  anions  prevent  the  precipitation  in  the  order ;  CsHiOs^  Q,  NO3,  I, 
SCN  (ihc  last  having  the  greatest  solvent  action).  The  effect  would 
be  the  reverse  if  a  positively  charged  colloid  were  employed  in  place 
of  the  negative  albumen.  A.  P.  Mathews  (1905)  has  found  that  the 
precipilative  power  is  in  close  agreement  with  his  theory  of  solution- 
tension   (sec  below). 

The  reaction  of  motor-nerves  to  electrolytes  has  also  been 
shown  to  be  an  additive  function  of  the  two  ions:  the  anions  (alkalies 
or  increase  of  valency)  stimulating  the  sciatic  nerve  of  the  frog, 
whilst  cathions  (acids)  lower  its  irritability  (A.  P.  Mathews.  1902). 
This  agrees  with  the  old  observation  of  Galvani  (confirmed  by  Grandis, 
1902),  that  the  nerve  is  stimulated  when  it  is  charged  by  induction 
with  negative  electricity,  and  depressed  by  a  positive  charge.  Mathews 
assumes  that  the  stimulation  is  caused  by  the  precipitation  of  the 
(positive)  colloids  of  the  nerve  by  the  anions,  and  vice  versa.  This 
demands  further  proof,  especially  before  it  is  extended  to  other  forms 
of  protoplasm. 

The  Relation  of  the  Toxicity  of  Eons  to  Their  Electric  Prop- 
erties*—  The   quantitative   effects   of    ions   on    protoplasm    can    be   esti- 
mated most  exactly  and  most  conveniently  by  observing  the  molecular 
concentration   in   which   the   solution   will   just  cause   death.     This   has 
been   studied  by   a   number  of  investigators.     It   was   noticed   that  the 
toxicity  increases  generally  u*ith  the  alomic  weight  of  the  ion  —  Hg, 
for  instance,  being  much  more  toxic  than  Na;  but,  on  the  other  hand, 
H   was    found  more  toxic   than   the  heavier   Na.     The  toxicity  also  in- 
ereases  generally  jcilh  the  valency;  but  here  also  there  arc  very  striking 
exceptions,    the   monovalent    Ag    being   more   toxic    than   the    (rivalent 
Al.     Tlie   general    rule   is    so   striking,   both   as    to   the   atomic   weight 
and  valency,  that  some  connection  could  not  be  doubted;  but  it  is  evi- 
dently not  a  simple  one.     The  subject  has  been  very  greatly  elucidated 
by    the  extensive  experiments  of  A.   P.   Mathews    (IQ04)   on  fundulus 
^K*.     which    arc    peculiarly    adapted    to    these    investigations.     These 
showed  a  remarkable  agreement  between  the  toxicity  and  the  solution- 
tension  of  ions. 

The  solution-tension  signifies  the  tendency  of  a  metal  to  go  into 
Solution,  and  thus  to  acquire  an  electric  charge.  Tliis  may  be  csli- 
tnated  by  physical  methods.  The  greater  the  sulut ion-tension,  the 
l^rcatcr  is  the  affinity  of  the  ion  for  its  charge;  the  less  apt  will  this 
ion  be  to  part  with  its  charge,  and  therefor,  the  less  its  effect  on  col- 
loids. This  is  precisely  what  Mathews  found:  the  toxicity  of  an  ion 
X'aries  inversely  as  its  solution-tensiott;  the  toxicity  of  a  salt  varies 
inversely  as  its  "  decomposii ion-tension  "  1.  *•.,  as  the  sum  of  the  solu- 
tion-tension of  both  its  ions.  <  For  instance,  if  the  solution-tension 
of  the  anion  is  1  and  of  the  cathion  2,  the  decomposition-tension  of 
the  salt  is  3.)  The  same  law  applies  to  the  inhibitory  action  of 
electrolytes  on  ferments.  Mathews  also  found  that  the  toxicity  in- 
creases with  the  quotient:  equivalent  weight  divided  by  atomic  vol- 
ume. When  we  understand  the  electric  condition  of  ions  and  colloids 
better,  we  shall  probably  find  that  there  is  a  common  basis  to  these 
connected  phenomena:  and  some  apparent  exceptions,  which  still  exist, 
will  probably  be  explained. 
Other  forms  of  life  do  not  show  precisely  the  san^  correspondence 
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as  does  the  funi/uiuj  egg.    The  disagrcetnent  can  be  seen   from  thi 
following  figures: 


The  Tomcity 
of: 

FuNDULLTs  F/x; 
(Mathews). 

LrpiNE  Roots 
(R.  H.True) 

Ca:Na  or   K. 
Ca  :  Mg. 
H  :  Fe  or  Co. 
Ni  :  Cn. 
Fe  :  Hg. 

As  I  :  I 

"1:4 
"    I  :  TOO 

"     I    tJO.OOO 

As  1  :5 
*'    I  :aoo 

"    I  :  V- 
"    I  :  r 
"1:1 

This  disagreement  coitM  be  expected  from  the  complicated  condi- 
tions which  prevail  in  iTio<;t  cells,  and  docs  not  at  all  speak  againsti 
Mathews'  law.  The  latter  deals  only  with  the  affinity  of  the  ion  for"^ 
its  charge;  but  the  colloid  is  also  an  active  factor  in  the  reaction, 
some  protoplasm  showing  a  greater  affinity  for  positive  charges.  inA 
Others  for  negative  charges.  The  factor  of  penetration  intrnducei 
important  complications.  Electron  actions  must  occur  even  when  the 
ions  do  not  penetrate  into  the  cell,  the  charges  being  iransfrrred 
through  the  intermediation  of  the  colloidal  cell-wall.  This  is  indeed 
the  most  favorable  condition  for  the  study  of  electron-actions,  shk^ 
it  excludes  the  possibilitj'  nf  chemic  changes  It  probably  explains 
the  comparatively  simple  results  obtained  with  fnndulus  ova.  for  the 
exfjrrinicnts  of  0.  H.  Brown  ( 1905)  have  demonstrated  their  cira- 
parativcfy  great  impermeability  to  salts  and  water  With  most  cells 
however,  the  possibility  of  strictly  r/vwiV  modifications  of  the  proto- 
plasm  by  the  ions  is  more  or  less  important.  Finally,  the  action  <»f 
the  added  ions  will  be  greatly  modified  by  the  ions  xvhich  are  already 
present  in  the  tissues,  as  will  be  seen  in  the  next  paragrapli. 

Antitoxic  Action  of  Ions. —  As  far  as  known,  no  cell  can  remain 
alive  unless  it  contains  some  electrolytes.*  If  these  are  reduced  below 
a  certain  minimum,  the  cell  dies  rapidly.  But  in  many  cases  it  die* 
even  more  promptlv  if  it  is  placca  in'  a  solution  containing  but  a 
single  electrolyte.  Tliis  is  the  toxicity  which  was  described  in  the 
preceding  paragraph.  It  would  seem  therefor  that  several  eleitrolytes, 
in  a  certain  ratio,  are  required  in  order  that  the  cell  may  perform  its 
fjtnctions.  This  was  confirmed  by  J.  Loeb  (tooi),  who  showed  thai 
the  toxicity  nf  an  electrolyte  can  be  very  greatly  lessened  by  the  addi- 
tion of  another  electrolyte,  sometimes  in  very  small  proportion.  (For 
instance,  the  addition  of  nhnr^  CaGa  neutralizes  the  toxic  action  of 
94m.  NaCl  on  Fundulus  ova.)  The  antagonism  is  mutual,  at  least  to 
some  extent. 

From  his  observations.  Locb  concluded  that  the  calhions  were  re- 
sponsible both  for  the  toxic  and  antitoxic  actions:'  and  that  cathions 
of  different  valency  neutratii-cH  each  other.  The  cxten-six-^  experi- 
ments of  A.  P.  .Matliews  ( 1905)  modify  these  theories :  !t  would 
appear  that  cathions  and  anions  arc  both  concerned  in  the  ti^xic  >nd 
antitoxic  actions  (although  the  cathions  are  probably  the  more  im- 
portant) ;  and  that  the  valency  has  no  direct  connection  with  either 
the  toxic  or  antitoxic  action.  The  decomposition»tcnsinn  seems  to  be 
of  subsidiary  importance  in  the  antitoxic  action,  and  it  appears  to 
be  necessary  to  invoke  several  mechani-ims,  especially  chemic,  for  its 
explanation.  The  antagonism  is  evidently  a  cc»mplcx  phenomena,  in- 
volving also  the  specific  ion  actions.  It  may  be  noticed,  for  in- 
stance,  that   certain   ions    (NH.   and   Li)    are   particularly    difficult    to 

*  The  microchemic  invcsiiRations  of  A.  B.  Macallttm  ^1905)  indicate  that  tbc 
ctrctrnlylrs  are  localised  in  certain   portionc  of  ihc  cell. 

'  The  lerm  "  aniitoric  action. "  applied  tn  ion*,  means  lomeihinK  very  differ- 
ent Irom   the  same  term  when  it   is  used   in  connerlion  with   liactrnal  [Ku«nn«. 
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neuCratize;  Ca  is  especially  antitoxic,  Mg  much  less  so:  Ni  scarcely 
at  all.  The  optimum  ratio  and  the  degree  of  antagonism  vary  for 
different  classes  of  cells.  Even  when  the  antagonism  of  two  salts  is 
at  ilb  best,  it  is  never  perfect ;  it  requires  the  addition  of  one  or 
more  further  salts  to  enable  the  cell  to  perform  its  functions  prop- 
erly. Indeed,  a  strictly  normal  condition  is  not  reached  until  the  crll 
is  placed  in  a  solution,  the  cathions  of  which  are  within  narrow  limits 
the  sapnir  qualitatively  and  quantitatively  as  those  of  its  normal  sur- 
roundings.^ Instances  will  be  given  in  the  succeeding  paragraphs, 
that  closely  related  ions  sometimes  have  very  differeni  effects,  and 
cannot  replace  each  other.  All  these  phenomena  can  be  explained  on 
the  pure  elcctron-llieory  only  by  making  far-reaching  assumptions, 
which  arc  not  yet  justified.  Neither  can  it  be  denied,  however,  that 
the  electric  charges  may  play  an  impurtant  part  by  modifying  the 
viscidity,  cither  directly,  or  through  the  occurrence  of  chemic  changes 
which  modify  the  electric  condition  of  the  colloid  (Pauli.  1903.  has  oh- 
servcd,  for  instance,  that  the  addition  of  calcium  reverses  the  effect 
of  anions  on  the  precipitation  of  albumen ).  The  addition  of  a  second 
.salt  may  also  alter  the  ionic  condition  of  the  first,  the  calcium  and 
citrate  ions  being  mutually  antagonistic  in  this  manner  (Sabbatani, 
IQOI).  O.  N.  Stewart  (1903)  suggests  that  the  antagonism  may  be 
explained  in  some  cases  by  alteration  of  the  permeability  of  the  cell- 
wall,  preventing  osmosis  or  the  penetration  of  harmful  ions.  This  is 
supported  by  some  of  Mathews'  observations.  Finally,  the  antagon- 
ism may  be  functional,  for  it  has  been  noticed  that  calcium  also 
antagonizes  some  poisons  which  are  not  eIectrol3?tes  (veratrin,  Ringer, 
1884:  physostigmin,  S.  A.  Mathews  and  O.  H.  Brown,  1904;  cascara, 
MacCallum,  1904),  and  to  which  it  is  opposed  in  its  functional  ef- 
fects. 

Ion  Effects  on  Muscular  Tissues. —  The  irritability  of  muscle  is 
closely  conncct;-d  with  its  ions,  and  any  change  in  the  latter  influ- 
ences the  muscular  functions.  For  instance,  if  a  skeletal  muscle  is 
placed  in  an  isotonic  solution  of  an  electrolyte  with  monovalent 
cathion,  it  exhibits  ryhthmic  contractions  (Locb.  1899);  if  a  certain 
proportion  of  a  calcium  salt  is  added,  the  ryhthmic  property  disappears 
again.  The  ryhthmic  contraction  of  the  cardiac  muscle  or  of  medusic 
also  disappears  when  calcium  is  added.  Rhythmic  contractibility  is 
not  therefor  a  property  characteristic  of  cardiac  muscle,  hut  is  in- 
herent in  nil  muscular  tissues.  The  reason  why  the  contraction  of 
the  heart  is  ordinarily  rhythmic,  and  that  of  skeletal  muscle  not,  lies 
in  the  fact  that  the  ions  in  the  heart  are  balanced  so  as  to  favor  rhyth- 
mic contractions,  and  in  the  skeletal  muscle  they  are  not  so  balanced. 
It  had  long  been  recognized  empirically  that  the  heart  will  only  con- 
tinue to  beat  in  solutions  which  contain  a  number  of  electrolytes  in  a 
pretty  definite  ratio;  a  deficiency  or  an  excess  of  any  of  these  ions 
wing  equally  fatal. - 

Other  functions  of  the  muscle  are  also  modified.  Certain  modifica- 
tions of  the  ions  lead   to  total   abolition  of  irritability.     Olher  modi- 

*  The  followinK  salt  ion«  are  absolutely  necessary  to  plami:  K.  Mft.  POg. 
C0«  (Na  and  CI  arc  not  necessary );  Ca  to  all  but  the  lower  funtti  and  aljpt. 
Mn  forms  an  csarntial  constituent  of  vcsctahle  o.\idiztnK  enzymei..  XO,and  SO. 
art  a9  nuirients. 

AmimalM  require  Na.  CI,  CO..  Ca,  K.  Mr,  I.  Fe,  PO4.  SO«.  It  is  very  doubt- 
ful whether  other  elc-mrnts  extsling  only  in  traces  (.such  as  FI)  are  necessary. 
Of  merely  accidental. 

^  Rtnsff's  rftni/  i  i884>  wai  devised  for  rhe  frog's  heart.  It  ta  made  by  adding 
I  c.  c  of  a  j%  KG  solution  to  iDo  c.  c.  of  0.75%  N'ace  solution  which  has  l>ecn 
nturatcd  with  calcium  phosphate.  The  mammatian  heart  requtrcs  a  somewhat  dif- 
ferent ratio  and  a  higher  molecular  concentration.  It  also  demands  the  addition  of 
Qutritire  material,  and  nf  oxygen.  Ihesc  conditions  arc  fulfilled  in  Locke's  Fluid 
IndM). 
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fications  increase  or  Inwcr  the  tone  of  muscle;  or  tUey  may  develop 
"  contact-irritability, "  so  that  a  muscle  will  react  to  stimuli  which  arc 
orditiarily  ineffective.  Tl:e  latter  action  may  be  concerned  m  the 
specific  action  «f  cathartic  salts. 

R.  S.  Lillir  (  iQOJ)  Itas  studied  the  effects  of  ions  on  the  larvz  of  a 
sea-worm  {Arenicola),  which  executes  both  ciliary  and  muscular 
movements.  He  found  tliai  the  presence  of  magnesium  in  the  mixture 
favors  the  contraction  of  the  cilia,  calcium  of  the  muscles;  potas- 
sium hinders  both.  Parker  (1905)  has  found  thai  potassium  reverie* 
thi'  stroke  of  certain  cilia. 

Ion  Effects  on  the  Kidneys. —  The  polyuria  and  glycosuria  which 
follow  the  intravenous  uijeclion  of  large  quantities  of  most  sodium 
salts  (especially  in  slightly  hypcrisotonic  solutions)  perhaps  also  in- 
volve ion  action;  at  least  (W.  H.  Fischer  and  O.  H.  Brown.  tgo3) 
the  addition  of  a  small  proportion  of  CaCU  stops  the  diuresis,  which 
may  then  he  started  again  by  injecting  sodium  acetate.  Sr  or  Ba 
salts  prevent  the  glycosuria  without  affecting  the  polyuria. 

SoUmann  ( t^jos )  has  found  that  calcium  also  hinders  the  filtration 
of  urine  and  impedes  the  circululion  in  excised  kidneys,  whilst  mag- 
nesium favors  them.  These  elTer!<;  may  he  referred  to  ion  actions^ 
on  the  renal  protoplasm.  The  effects  of  most  other  ions  which  were 
investigated  in  this  manner  are  referable  to  osmotic  changes,  due  to 
differences  of  penetrability. 

Importance  and  Limitations  of  the  Electron  Theory. —  The  the- 
ory of  electron  actions  has  furnished  us  with  new  and  fruitful  con- 
ceptions, with  a  deeper  insight  into  the  reactions  of  protoplasm,  and 
with  new  indications  of  research.  It  should  be  remembered,  however, 
itial  it  does  not  as  yet  attempt  to  explain  the  actions  of  non-electro- 
lytcs;  and  that  it  cannot  be  said  to  explain  fuUy  all  the  actions  of 
electrolytes.  It  docs  not,  for  instmce.  explain  the  qualitative  differences 
in  the  action  of  the  iodids,  hromids.  and  chlorids ;  of  calcium,  mag- 
nesium, or  barium;  the  specific  toxicity  of  potassium  for  muscle  and 
nerve ;  nor  the  need  for  the  presenee  of  several  ions.  We  must  not 
forget  that  protoplasm  has  chemical,  as  well  as  physical,  properties; 
and  that  many,  if  not  all,  ions  are  capable  of  entering  into  ordinary 
chemical  reaction  with  the  protoplasm.  The  specific  ion  actions,  1$ 
we  can  observe  them,  are  therefor  the  result  of  a  co«?peration  of 
physical  and  chemical  changes.  In  the  present  state  of  knowledge. 
it  would  be  unremunerative  to  attempt  to  distinguish  between  these 
A  more  practical  conception  of  the  action  of  the  individual  ions  can 
still  be  obtained  by  describing  the  phenomena  as  they  are  observed, 
without  trying,  as  a  nilc.  to  penetrate  into  their  meaning. 

Only  some  of  the  ions  will  be  discussed  in  this  place;  the  acidv 
bases,  meials,  the  cyanids,  nitrites,  the  cathartic  salts,  ctc^  deserre 
special  chapters. 

B.  SPECIAL  ION  ACTIONS. 

Summary  of  Effects —  From  the  therapeutic  standpoint  the 
anions  are  the  inore  important  ions,  the  cathions  being  used 
mainly  to  modify  the  effects  of  the  anions. 

Amnng-st  the  anions,  CI  is  indifferent  imder  the  conditions 
of  the  body.  Br  causes  a  depression  of  the  central  nervous 
system.  I  and  SCN  produce  changes  in  metabolism ;  fluorid 
oxalates,  and  to  a  less  extent  citrates  and  tartrates,  are  toxic 
by  immobilizing  calcium;  organic  anions,  carbonates  and 


SODILM    AND    CHLORID. 


555 


bicartx>nates  act  as  alkalies;  NO^,  ClO^  and  MnO^  are 
oxidizing,  irritant,  and  alter  the  blood ;  borates  kill  bacteria; 
NO™  causes  vasodilation  and  methenuiglobin  formation; 
CN  hinders  ferment-aclion.  The  other  anions  are  for  the 
most  part  non-absorbable. 

The  modifications  introduced  by  the  Cathions  '  are  as  fol- 
lows: Na  is  indiflferent.  Mn.  K,  Rb  or  Cs  depresses  the 
heart  and  central  nervous  system.  Li  forms  soluble  urates 
and  produces  gastroenteritis.  NH4  hastens  the  penetration 
of  the  anion,  and  has  itself  a  stimulant  action  on  the  cen- 
tra! nervous  system.  The  earthy  metals  delay  the  liberati4>n 
and  absorption  of  the  anion.  Ca  depresses;  Ba  causes 
stimulation  of  muscle:  Mg  has  a  cathartic  action.  Metals 
exert  a  local  chemic  action;  many  (as  Hg)  have  a  specific 
toxicity. 

The  effects  of  the  iojis  differ  very  greatly,  quaufitathely, 
according  to  the  channel  by  ivbich  they  arc  introduced; 
intleed.  many  ions  are  excreted  more  readily  than  they  are 
absorbed,  so  that  they  are  quite  inactive  wlien  given  by 
mouth,  whilst  they  may  produce  violent  effects  when  in- 
jected into  the  circulation.^ 

Modification  of  the  Dose  of  Salts  AcGording  to  the  Cathion. — 
On  account  of  the  differences  in  absorption  and  by  their  spe- 
cific actions,  the  cathions  influence  the  doses  of  salts,  gener- 
ally as  follows:  Taking  the  dose  of  the  sodium  salts  as 
I. 'that  of  the  NH^  salt  is  'yz\  K,  Rb  or  Li^H;  Ca  or 

I.     SODIUM  AND  CHLORID  IONS. 

That  these  ions  arc  hy  no  means  devoid  of  actions  is  shown  by  the 
prompt  death  of  ceils  placed  in  furc  isotonic  solutions  of  NaCt.  They 
are,  on  the  other  hand,  ahsolulciy  cssentiai  to  most  animals  and  to 
many  plants  They  form  the  greater  tmrt  of  the  electrolytes  existing 
in  solution  in  the  tissues  and  fluids  of  the  vertebrates.  (However, 
the  mammalian  blood  corpuscles  contain  more  K  than  Na.)  Since 
a  considerable  quantity  of  these  ions  c>)nslantly  leaves  the  body  by  the 
excretions,  especially  by  the  urine,  they  mii'^t  l>e  constantly  replenished. 
Carnivorous  animals  obtain  a  sufficient  supply  in  their  food.  But 
since  K  predominates  over  Na  in  the  ash  of  plants,  herbivora  and 
animals  feeding  on  a  mixed  diet  require  additional  KaCl.  This  need 
has  led  lo  the  instinctive  use  of  this  salt:  in  regions  remote  from 
deposits  of  this  salt,  ashes  of  plants  which  are  rich  in  Na  have  been 
used  by  peoples  as  ignorant  as  the  negroes  of  the  interior  of  Africa. 

The  excretion  of  XaCt  keef^s  step,  within  wide  limits,  with  its  inges- 
tion; if  the  supply  is  stopped,  tJie  excretion  falls  lo  a  very  small  amount, 

*  All    cathions   ttioiulatc   the   growth    of    planti    in    small    doses,    while    largvr 
^t%  hinder  ii. 

'  A    Bummjry   of   the   excretion   of  salts  is   given   by   Keffter.    190.1. 
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the  tissues  retaining  almost  their  normal  percentage.  A  small  were- 
tion  continues,  however,  so  that  the  tissue*  finally  lose  salt*  ilsft 
This  leadi*  to  the  phenomena  of  "  salt-hunger "  expressed  panicularlj 
by  metabolic  disturbances,  emaciation,  cic  When  the  I<»s«  o(  alt 
has  reached  a  certain  degree,  the  animal  dies. 

The  chlorid  excretion  is  also  greatly  diminished  in  some  ca««  o^ 
nephritis  i  in  fevers,  particularly  in  pneumonia  t  where  much  salt  iJ 
retained  in  the  effusion);  and  during  the  rapid  development  of  nen 
tissue  (cancer). 

The  mechani>ni  by  which  the  proportion  of  sodium  chlorid  in  the 
blood  and  tissues  is  kept  practically  constant  has  been  the  ^^hi^x^  of 
much  investigation;  hut  it  is  not  underMcM^d.  One  theory  (Korster. 
1873)  assumes  that  the  greater  ()uantity  of  the  salt  exists  in  the  bcKly 
in  a  form  (perhaps  as  a  combination  u</A  the  froleids)  in  which  it 
cannot  pass  through  the  living  kidneys.  This  salt  is  therefor  relainrd 
with  great  tenacity.  Any  excess  over  this,  such  as  \\  nornuHy 
present,  is  free  and  fillers  very  readily  into  the  urine.  This  theory 
is  not  quite  satisfactory,  but  it  agrees  with  the  observation  of  Solltiuum 
(1902)  ihat  the  injection  of  tho.se  ions  which  are  closely  related  Ift 
chlorid  (viz..  Br.  1,  NO.,  SCN)  incrca^es  the  chlorid  perccnug»  iti 
the  urine,  whilst  other  ions  do  not  have  this  effeci ;  it  may  be  assusncj 
that  the  related  ions  can  displace  the  chlorid  from  its  proTriv]  eom- 
pound. 

Cushny  (1002).  on  the  other  hand,  attributes  the  chlorid  rvguUtina 
lo  the  absorbing  mechanism  of  the  tubules. 

By  means  of  these  regulating  mechanisms,  an  excess  of  ihe*.r  X»  or  CI 
ions  is  eliminated  very  promptly,  and  could  not  produce  any  very  t»nre 
effect.     But    even    when    tliey    are    retained,    these    ions    ^r* ./ 
very  small  actions,  for  the  amotmts  normally  present  are  so  1- 
the  artificial   introduction   of  ordinary  amounts   will   not  increase 
ratio   to   a   considerable   extent      Na   ami    Cl   are   therefore    the 
indifferent  of  the   ions,  and   their   salts  arc   u«ed   whm    the   e 
other  ions  are  to   be   tested.     It   is  important  10   remember,  ho 
that  they  are  really  very  essential  lo  the  protoplasm,  aiid  that  I' 
sence  of  effects  is  due  only  to  the  fact  that  the  variations  whidi 
intrmlnced  are  relatively  smalL 


IL  THE  POTASSIUM  ION. 

The  effects  of  this  consist  in  a  depression  of  the  central  nefvon* 
system  and  of  all  kinds  of  muscle. 

The  central  t\en>ous  system  is  paralyred  in  its  whole  extent  Tb* 
reflexes  sufTer,  then  themedulla.  Depression  of  the  rc^iratory  fcn- 
ter  leads  to  asphyxial  convulsions. 

The  heart  ^  is  stimulated  by  small,  fatigued  by  medium  and  par»W 
yzed  by  large,  doses.  This  is  seen  even  in  the  nerve  free  *'"^^! 
the  chick's  embryo,  and  is  therefore  muscular.  In  matnniaU  it  devrlflP* 
sudden  slowing*  and  irrecularity,  and  then  stops,  usually  l>rf(W<  tj** 
respiration  (Fig.  91).  The  blood-pressure  remains  high  during  ^^ 
convulsions,  on  account  of  the  latter  (for  it  falls  in  curaftttd  >*•*' 
malsV  ,  •       D     ** 

The  skrfetaf  muscles  are  weakened  and  lose  their  trritabibty  P'**^ 
<inni  in  this  way  counteracts  the  effects  of  vcratrin  -  f  Fig  7a  piB*,^^, 

The  symptoms  are  only  seen  in  mammals  if  a  potassttnn  «lt  **  j|, 
jected  directly  into  the  circulation;  they  are  very  small  if  the  ^^ J\ 
introduced  hypodertnically,   and  do  not  appear  at  all   if  it  is  taken  »r 

*  Fxcrci»c«   fij   and   74. 

*  F.xprci«"    45. 
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the  stomach  (except  when  it  produces  corrosion).  The  reason  lies 
in  the  very  rapid  excretion. 

The  blood  corpuscles  contain  a  considerable  amount  of  K«  so  much 
that  a  fatal  amount  would  be  liberated  by  the  dissolution  of  a  fifth 
of  the  corpusclc-s.  (The  distribulion  of  potassium  within  cells  has 
been  investigated  by   A.   R.    Macalhim,   1905.) 

Totassium  is  also  in  p.Trt  responsible  for  the  toxicity  of  urine  and 
the  phenomena  of  uremia.  The  toxic  action  which  urine  possesses 
when  injected  intravenously  has  been  variously  attributed  to  the 
leucomain^t,  to  toxins,  etc..  and  at  one  time  even  10  the  urea.  Various 
brilliant  theories  and  methods  of  diagnosis  wen*  built  upon  the  varia- 
tions in  ill  is  toxicity.  It  has,  however,  been  shown  that  about  85% 
of  the  toxicity  of  the  urine  is  due  simply  to  its  potassium  sails.  The 
symptoms  are  also  precisely  those  of  the  latter.  What  causes  the 
other  15%  of  the  toxicity  is  at  the  present  not  known,  but  this  may 
be  connected  with  xanlhin  products.  The  increase  of  toxicity  follow- 
ing muscular  exercise  favors  this  view. 

If  the  undiluted  urine  is  injected,  its  osmotic  pressure  also  contrib- 


I  II..  «>(  -Canliac  effect  of  t>ot3)t«iuin.  Lanuendorff  prcraration,  Joii-  The 
heart  «top[tc<1  suddrnly.  after  several  'lose*  hail  liccn  injc-ctcd  without  effect.  The 
recovery  occur*  prompUy  when   Loclte*  Acilutiun  is  rcmhiiitic*!. 


utcs  to  the  toxicity.  The  acidity,  volatile  products.  piRmcnts.  and 
nrca  have  no  effect.  It  is  quite  probable  that  the  nrinc  contains  true 
toxins  and  other  n>«ic  products  in  disease,  hut  no  method  has  so  far 
been  devised  for  estimating  the  importance  of  these. 

The  conditions  are  still  more  complicated  in  uremia:  it  is  very 
■firobable  that  the  retention  of  potassium  and  amm^utiLmi  salts  and  the 
increased  osmotic  pressure  of  the  blood  conlrihnk*  to  the  effects,  but 
there  seem  in  be  other  factors  which  nre  not  nndcrsto<ul.  It  is  con- 
ceivable that  an  internal  secretion  comes  into  jilay ;  or  it  may  be  that 
ihe  renal  disease,  or  the  underlyinR  condition,  gives  rise  to  toxic 
products. 

Therapeutic  Uses. —  The  cardiac  depressant  action  of  the  potassium 
ion  can  scarcely  be  utilized  therapeutically,  as  it  is  not  obtained  by 
*)ral  administration.  The  potassium  salts  arc  mainly  used  for  their 
anions  (1.  r.,  the  acetate,  bromid.  chlorate,  citrate,  nitrate,  etc.).  They 
arc  contraindicated  in  renal  insufficiency. 
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*  PotO'Ssu  Chloridum,  KCl,  readily  soluble  in  water.  Dose'  I  to  3 
Gm.  (15  lo  30  grains).     Not  to  be  contused  with  the  toxic  chlorate! 

III.    THE  LITHIUM  ION. 

The  action  of  this  calhion  resembles  pota^Miim  quite  closely,  but  it  is 
somewhat  less  toxic  to  the  heart,  and  causes  a  vagus,  stimulation.  Th«e 
effects  are  only  seen  on  intravenous  injection,  A  most  important  M- 
ference  from  potassium  consists  in  a  sffccific  gailfO'Cntcritis  which  is 
produced  even  when  the  salts  are  given  sulicutancously.  or  if  the  ad- 
ministration f»f  small  doses  is  continued  for  some  time  I  1  Gm.  of  tbt 
carbonate  in  man).  The  action  is  local,  the  lithnim  being  largely  ex- 
creted by  this  channel.  It  is  also  excreted  by  the  kidneys,  hut  does 
not  cause  nephritis  (KrumhofT,  1884;  Gof»d.  igoj).  Lithium  wa?  (or 
some  time  used  in  therapeutics  as  a  solvcnf  for  uric  acid,  in  gout,  and 
lithiasis.  The  Sf»lution  is  due  lo  the  comparatively  great  soIuVrility  of 
lithium  urate.  It  has  been  shown,  however,  that  this  is  true  only  iti 
strong  solutions,  and  does  not  exist  in  those  which  can  be  used  in  the 
body.  The  diuretic  action  of  Li  is  no  greater  than  with  Na  The 
employitunt  of  lithiunt  is  therefor  quite  irrationai,  and  in  larger  tkwes, 
dangerous, 

MATERIA   MEDIC\. 

Lithii  Carbonas  (U.S.  P.,  B.  P.).— LijCO..  Soluble  in  ;: 
water:  Dose:  o.!2  lo  0.6  Gm.  (i  to  10  grs.)  (05  Gin. — 
U.S.  P.). 

Lithii  Citras   (U.  S.  P..   B,  P.).— Li.CHaO,.     Soluble   in  2  parlB  •[ 
water.    Dose     0.3   to    i.O   Gm,    (5   to    15   gfS-)    <0.S    Gni.=7*4 
U.  S  P). 

Lithii  Citras  Effcrvescens   (U.S.  P..  B.  P.).— 5^.     Compleieh  t 
blc  in  water.     Dose:  4  to  8  Gm.   ( 1  lo  3  drachms)   (8  Gm.=a5). 

These  lithium  salts  are  in.-iolublo  in  alcohol 

IV.    RUBIDIUM  AND  CAESIUM, 

Thesc  also  resemble  potassium.  Rubidium  ifniid  and  bromid  h»^f 
been  introduced  into  therapeutics,  as  it  is  claimed  that  they  pro<li»c 
less  jodism  and  brnmism.  although  they  are  quite  as  soluble,  and  ««" 
more  diffu^^ible  than  the  corresponding  K  salts.  The  doses  art  tJ»e 
same  as  those  of  the  potassium  salts. 


V.  AMMONIUM  ION. 

The  ion  action  appears  in  the  ammonium  salts.     The  hydrate  (m 
monia)    has   an   almost   pure  alkali   action,   and   w^U    be   studied  '^'^^ 
The   ion    actinn    also   appears    in    the   organic    amtnonium    bases "^'^ 
aniids  and  amins  —  in  which  the  I!   of  NIL  lias  been   repUiced  by  O' 
ganic  radicles. 

I.  Actions. —  (A)  Peripheral  Nerve  Endings, —  It  will  be 
bered  that  the  ammxinium  bases  were  discussed  with  the  rausa*" 
group,  with  which  they  shared  the  stimulation  of  the  cardiac  r«r^ 
endings  and  a  curare  action  on  striped  mu.scles.  These  periphrral  ^ 
tions  are  much  less  conspicuous  with  the  inorganic  ammonium*.  I 
stimulation  of  the  central  nervous  system  being  much  more  prorainr' 
with  the  latter.  ^^, 

(B)  In  mammals,  ammonium  salts  produce  little  effect  wbm  ul<^i 

•  Nnr  offtciat. 

Stady  Materia  Mcdica  LcMon  4J* 
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hy  mouth.  If  they  arc  injected  intravenously,^  they  produce  a  pro- 
nounced stimulation  of  the  medulla  and  spinal  cord,  followed  in  larger 
dose  by  depression  of  these  centers.  The  brain  is  rather  depressed 
from  the  start,  so  that  the  animals  liecome  .sonin(5lent.  The  iiisomotor, 
respiratory  and  ragtts  centers  are  stimulated,  and  the  blood-pressure 
is  characterized  by  exaggeration  of  the  respiratory  waves  (rig.  92). 
The  pulse  is  usually  slowed,  hut  may  be  quickened  by  the  convulsions. 
Large  doses  depress  the  vasomotor  center  and  cardiac  muscle. 

Tetanus  or  convulsions  appear  rather  late.  Their  seat  is 
mainly  in  the  spinal  cord,  and  tliey  resemble  strychnin 
spasms  to  a  very  great  extent.     There  is.  however,  cotna. 

(C)  The  ammonium  ion  lias  a  very  marked  action  in  in- 
creasing the  secretions,  especially  saliva,  mucus,  and  sweat. 
The  diaphoretic  action  is  entirely  central.  The  action  -upon 
saliva  and  mncns.  however,  is  brought  about  by  a  number 


Fig.  9^.~  Ammonium  chlorid,  intravenous.     Carotid  prciiiure  tracing,  dog. 

of  factors :     ( j )  By  a  reficx  stimulai'wn  from  mucous  mem- 
branes due  to  a  salt  action,  which  is  very  large  in  the  case 
of  ammonium  salts,  as  they  penetrate  very  easily ;  or,  in  the 
case  of  ammonia  water  and  ammonium  carbonate,  this  is 
brought  about  by  the  alkaline  caustic  action.     {2)   Direct 
stimulation  of  the  secreting  centers.     (3)  Local  salt  action 
upon  the  secretory  cells  themselves.    This  is  especially  large 
since  the  ammonia  salts  are  excreted  largely  into  the  mouth 
^V  'A^  saliva,  as  also  by  the  mucus.^  mainly  in  the  form  of 
c3 ''l'*'>nate.     In  this  way  the  local  action  is  exerted  twice, 
vv'^^fn  the  salt  is  applied  and  when  it  is  excreted.     (4)  Tliis 
e:>£:<^i'etion  in  the  form  of  carbonate  also  tends  to  liquefy  the 
jijtJCLis  on  account  of  the  alkaline  action. 

■*  £xcrcii>c  6». 
'  .^^iDmonia   is  neiihcr   ahaorbcd   oor   excreted  by    tbe  Ipnga    (Magnus    190a). 
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The  methyl  ammoniums  formed  by  the  substitution  of  the  H  atoms 
by  CHi  have  actions  closely  resembling  the  above,  differing  mamly  in 
a  lesser  action  on  ihc  cardiac  muscle   (Furmanek,  igoo). 


2.  The  toxicology  of  ammonia  is  really  limited  to  ammo- 
nia water  and  ammonium  carbonate,  and  these  act  not  by 
their  ion  or  salt  action,  but  by  their  caustic  alkaline  action 
(Chap.  XXVIII,  A). 

The  ton  action  of  other  ammonium  salts  has  no  toxico- 
logic imp<»rtance,  since  they,  like  potassium,  are  absorbed 
too  slowly  and  excreted  too  rapidly  for  the  ion  action  to 
come  into  play  at  all.  further,  the  greater  part  of  the 
ammonium  ion  is  not  excreted  as  such,  but  is  rapidly  con 
verted  into  urea,  according  to  the  formula : 


I 


CO, 


NH4 


=  CO 


NH,    H,0 

+        . 
NH,    H,0 


:on'M 


Two  molecules  of  water  are  split  off  from  the  ammonium 
carbonate  and  urea  remains.  This  lil>erates  the  acid  ion^ 
with  which  the  NII^  was  combined:  this  will  seize  upon  the" 
free  ^\ti\  alkali  of  the  body,  and  lead  to  a  diminishe^l 
alkahnity  '»f  the  serum.  In  this  way  any  excess  of  ammo- 
nium introiluced  into  the  body  is  very  soon  eliminated,  or  at 
least  ceases  to  act  as  ammonium. 


It  has  been  suggested,  bni  without  binding  proof,  that  when  the 
transformation  of  ammonia  into  urea  is  interfered  with,  an  autoimtox- 
ication  may  arise,  with  symptoms  analogous  to  those  produced  by  am- 
monium compounds.  Some  ammonia  compound  is  probably  a  nornul 
forerunner  of  urea.  What  this  compound  is.  does  not  appear  very 
plain,  but  one  which  has  been  suggested  is  ammonium  carbaminate 
The  splitting-off  of  the  H5O  from  this  yields  urea: 


CO 


0(NH,) 


—  H3O  =  C0  < 


NH, 


This  transformation   take«  place  to   the  largest  extent  in  the  h'fer^ 
the  result  of  the  action  of  a  ferment.    \Vhen  this  organ  does  not  f^.    <« 
tionate  |)roper]y,  the  dehydration   may  not  take  place,  and  if  '^«%^^* 
an  addition  of  H-O  instead,  ammonium   carbonate  results.    Th\%       " 
give  rise  to  at  least  some  of  the  symptoms  which  are  noticed  it\  J^'' 
of  disease  of  the  liver.    The  symptoms  of  uremia  also  resemble  j^^ 
of  ammonium-poisoning.     However,  the  ammonia   is   not  '"cr^j^j  .*'^ 
the  blood,  in  either  uremia  or  in  acute  yellow  atrophy  of  rhc  \\yff  (^j, 
ammonium  carbonate  is   found   in   the  stomach  and  infestinp.      ^  '^^^ 
siderable    increase   of   the   ammonia    of   the   blood   occurs  in    diabeik 
coma. 


ammonium:. 


S6i 


lerapentic  TTses. —  Tlie  properties  which  have  a  thera- 
peutic importance  are  the  stimulating  effect  uiK>n  tlie  central 
nervous  system  and  the  local  action  upon  secretion.  The 
stimulating  eflPcct  U[X)n  the  central  ncn'ous  system  may  con- 
ceivably be  a  direct  one,  but.  as  has  been  p<:)inted  out.  this 
must  be  very  slight,  for  the  ion  does  not  remain  in  the  body 
a  sufficient  length  of  time  to  exert  any  marked  action.  To 
attempt  to  modify  the  effect  of  an  acid  by  giving  it  as  an 
immonium  salt  is  scarcely  scientific ;  for  besides  the  quick 
excretion,  the  anK>unt  whicii  could  be  given  in  this  way  is 
too  small  to  have  any  influence. 

Ammonia  water  and  the  carbonate  have,  however,  a  very 
marked  stimulating  effect  up(Mi  the  central  nervous  system, 
but  this  is  rcfli'x  and  is  dependent  only  upon  the  local  caus- 
tic action,  enhanced  by  their  volatility.  This  retiex  stimu- 
lation—  which  is  shown  mainly  on  the  medulla  —  can  be 
produced  by  other  means,  but  the  inhalation  of  ammonia  is 
one  of  the  most  efficient.  The  aromatic  spirits  of  ammonia 
—  15  to  30  drops  to  the  tumbler  of  water  —  is  one  of  the 
best  ways  of  producing  these  effects.  In  the  form  of  smell- 
ifif  salts  it  is  fre<juently  used  in  fainting  and  in  shock. 

The  stimulation  of  the  respiratory  center  is  useful  in 
-oiigh.  asthma,  eilema  of  the  lungs,  pneumonia,  or  any  case 
vfiere  the  respiration  is  interfered  with.  The  stimulation 
*f  the  ytccat  center  is  useful  as  a  diaphoretic  measure,  in 
olds,  fever,  etc.  (see  p.  282).  For  this  purpose  the  Liquor 
^mnionii  Acetatis  is  employed;  this  is  probably  absorbed 
>niewhat  more  readily  than  other  ammonium  salts,  so  that 
•^re  is  perhaps  some  direct  stimulation  of  the  central  nerv- 
als system. 

The  local  "expectorant'*  action  and  the  increased  secre- 
•^n  of  mucus  have  already  been  discussed  and  the  manner 
*  ^vhich  this  is  produced  pointed  out;  that  is  to  say,  by 
•^•lex  irritatif>n,  possibly  some  direct  stlmulpition  of  the 
*^tral  nen-ous  system,  by  the  salt  action,  and  the  excretion 
"*'  ammonia  in  the  form  of  ammonium  carbonate.  These 
PJ^*^^>1)abIy  suflFice  to  explain  the  almost  specific  action  upon 
in^  secretion  of  mucus.  This  is  increased  in  amount  and 
^^ndered  thinner  and  less  tenacious.  When  it  is  desired 
^^  affect  the  secretions  low  down  in  the  trachea  and  bron- 
JP'oIes,  the  ammonium  is  very  frequently  administered  in 
Hw  form  of  inhalation  of  ammonium  chlorid.  produced 
~  J  finelv  divided  state  by  bringing  together  the  vapors  of 
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ammonia  and  hydrochloric  acid.     This  can  he  inh.nled  tc 
the  finer  divisions  of  the  bronchi. 

The  somewhat  stronger  sah  action  of  coiicciuraieU  soi\i- 
tions  of  ammonium  salts,  leading  to  gastric  irritation  ami 
vomiting,  has  been  discussed  with  the  emetics. 


Ammonium  chlorid  has  also  |>ccn  recommended  as  a  specific  in  trop- 
ica]   dysentery.     The    mimbrr   of   observations    upon    its    iisc    is   hardlta^^ 
«>nfficirnt  to  make  a  6nal  decision  as  to  its  value     This  could  only 
explained  by  a  &j>ecific  U'x;c  action  on  the  anv^ba  coli. 

4.  Materia  Medica  of  Ammonium  Salts. 

Ammonii  Carbonas  (U.S.  P..  B.  P. ) — (Hartshorn.  Baker's  Amma* 
«»a,  Sal  ro/o/i/f. )  —  NH<HCO..NH,.NH£0,.  Soluble  in  4  pafi 
water.  Dose:  0.12  to  1.0  Gm.  (2  to  15  grains),  largely  diluted  (O.^- 
Gm  —  4  grs..  U.  S.  P.). 

Sf*intHS  AmmonitF  Aromaticus  (U.  S.  P.,  B.  P.). — {Aromatic  Amt 
ma)  : 

Ammon.  Carb 3.4 


Ammonia  Water   9-0 

Aromatic   Oils  — 

Alcohol   Tao 

Water  to  loo.o , 


Dose :     2    to    4    c.  e     ( ^    t«t 
drachms).     Diluted  with  i  pU' 
of     water.      (2     c.  c.^jo 
U.S.  P). 


AmMwnii  Chiaridmn    (U.S.  P..   KV.).—  {Sal  Ammoniac  \—^HS. 

Soluble  in  J  parts  water.  50  alcohol.     Dose:  ao6  to   j  Gm    ti   to 
grains)   (0.5  Gm.:=7M»  grs..  C  S.  P.).     Best  given  in  the  fon-  — ' 
Trochisci  Ammonii  Chloridi  (U.  S.  P.). —  Each  0.1  Gm    (i' 
Liguvr   Amfuonii  Acctatis    <  U.  S- P..    B.  P.). —  {Sfiirjius  M:i.^-  . 
Made    when    required    by    neutralizing    .Ammnniiim    Carbonate    wi""^ 
Acetic  Acid.     Dose:  2  to  Jo  c  c.  (!>^  to  8  drachms)    (diaphoretic)   (     ^* 
c.c.  =  43..  U.S.P.). 

m.  CALCIUM 


The    action    of   calcium    is    directly    depressant    to    all    tiwue*   tm^"^^ 
functions.     When   it   is  injected  intravenously,  it  paralyzes  th^  ^-..t*^  -^J 
nervous    system.     lowers     Ihe    blood     pressure,     arre^^ts     diur 
peristalsis,  etc.    This  action,  although  very  deleterious  when  r  •  ■  ■ 
seems  to   be   the   function  of  the  calcium-ion  in  ihe  body;   for  it*  w*^ " 
moval    (by  oxalates,   fluorids,  or  citrates)    leads  to  strong  stimuUti ■^^^'J 
and   to   death    (Sabbatani.    1901    and    ig02),     This    indicates   the  Ss-^* 
necessity  of  calcium   action.     Indeed,  only  a   few  of  the   lower  fur«^' 
are   able   to   live   without   IL     It   is   also   essential    to   the   »clion  t-i 
number  of  ferments   (rennet,  fibrin   ferment),  but   not  to  same  n«l»^r*"' 
(pepsin) 

In    animals    with   a   calcareous   skeleton,   catcittm   has  another  t*** 
pnnnni   innrtion   in  hone   formation. 

[filial  withdrawal  of  calcium  from  the  body-b.*" 
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|:>iit  little  bone  is  fonned,  yet  this  contains  the  normal 
^^Tiount  of  calcium.  In  rachitis,  the  anioimi  of  bone  is  even 
^.r<cessive,  but  it  is  very  poor  in  Ca.  This  paucity  of  cal- 
crJ»>ni  snggesleti  its  administration,  particularly  as  calcium 
f>F^osphate.  in  the  treatment  of  these  diseases.  The  results 
h.£«-vebeen  disappointing,  as  might  have  been  deduced  from 
tf-»^»reiic  considerations.  The  condition  is  somewhat  simi- 
la.»~  to  that  existing  in  chlorosis,  for  except  in  the  expcri- 
rii filial  disease,  the  cause  of  the  disorder  is  never  to  be  found 
ir»  insufficient  supply  nf  calcium  (or  iron)  salts,  since  the 
^'"■'^<iunt  of  these  in  the  food  is  always  more  than  enough  to 
^"-^  J=>ply  the  demands  of  the  (»rganistn.  Tlic  real  cause  must 
^^^     sought  in  the  abnormal  absorption  or  utilization  of  these 

.     *  '^c  c&sentiat  nature  of  this  abnormal  process  is  not  at  present  known. 

tT*      <liscases   in   which   there   is  an   abnorma!   formation  of  acid   in  the 

•  **^**^*<d  — ^.   g.,  diabetes  —  the   excretion   of  calcium   and   maRtiesitim   is 

^I**^*"^a5ed,  but  no  such   diminished   alkalinity  exists  in   rickets.    Even 

K^  "^^^^r  a.«sumc   the   cause   to   be   a    deficient   absorption,   this   could    not 

°^     »"«mcdicd  by  additional  introduction  of  calcium,  for  it   is  of  course 

'^^J'^mely  unlikely   that  calcium  would  be  more  easily  alisorbed   from 

.^chi     inorganic  salts  as  phosphates,  than  in  the  form  in  which  it  exists 

^»»«l»cfood. 

^-alcium  phosphate  has  been  recommended  in  diabetes  rncHilHS.  but 
1^*  Tio  effect,  even  in  the  mildest  cases  (  BnininK,  1808).  However, 
^p*  injection  of  calcium  salts  arrests  the  glyco<.uria  and  polyuria  in- 
"^J^^d  tjy  saline  injection. 

'^Hc   use   of  calcium   for    increasing   the   coagulability  of  the  blood 
*^    <iiscussed  in  Chapter  XXIII,  A. 

.  "lie  depressant  action  of  calcium  suggests  its  use  in  strychnin  fioison- 
V*5'  ^ui  Fischer  (IQ04)  found  it  ineffective.  Zanda  (1902)  obtained 
"***^r  results  by  dura)  injection:  but  the  effective  dose  was  so  large 
*5  to  be  itself  dangerous.  Deltjcn  (1904)  has  observed  that  small 
f^ccs  of  calcium,  stronlium,  barium,  and  magnesium  lessen  the  sol- 
'^^'^W  actinn  of  di<^tilk-d  water  on  cells. 


.    *Ihe  de[)rt'ssant  actions  of  calcium  are  not  obsen'ed  when 
^^  5alts  are  takat  by  the  mouth,  since  these  cannot  be  ab- 
*^*^^e(I  in  sufficient  amount.     The  small  quantities  which 
f*^t<r  the  b<xly  are  excreted  mainly  through  the  intestine, 
^  part  also  through  the  urine.     This  then  becomes  alkaline. 
The  therapeutic  uses  of  calcium  are  practically  confined 
^^  its  heniostalic  effect  (see  index).     Calcium  salts  are  fre- 
*ltiftnlly  employed  for  their  anions;  the  carbonate  and  phos- 
phate act  as  mild  alkalies. 
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MATERIA   MEDICA. 

Calcium  Carbonate   (Chalk). —  CaCO*.    Insoluble  in  water.   Dor* 
0.5  to  4.  Gni.  (10  to  60  grs.)   (i  Gm.  =  15  grs..  U.  S.  P.).    Official  as 
Caicii  Carbonas  Pr<rciffUaius.{V.S.P.,  B.  P.)   and 
Crela    Praparata    (U.S.  P.,    K?.).— Preparfd   or   Drof   Chalk 
Chalk  freed  from  its  coarser  impurities  by  elutrtation. 
Used  ill  the  preparation  of: 

Pukis  Cretan  Compositus  (U.  S.  P.),— Chalk,  acacia,  and 
Dose:  J  Gm.=30  grs.   (U.S.  P.). 

Puhis  Crcta  Arotnaticus  (B.  P.) — Contains  carminatives.  Dot 
I  to  4  Gm.  (15  to  60  grs.). 

Puhis   Crfta  Aromaticus   cum    Opio    (B.  P.). —  Contains   2^2 
of  opium.     Dose:  0.5  to  2.5  Gm.    (7''i  to  40  grs.). 

Mistura    Crettr    ( D.  S.  P.). —  20%    of    compound    chalk    powi 
with  Cinnamon  Water.    Dose:  16  c.c.^=45  (U.S.  P.). 
Liquor    Cakis    (U.S.  P.). —  Lime    Water. —  Made    by    slaking    b 
{Calx.  U.  S.  P.,  B.  P. ).  washing  the  slaked  lime  {Calci\  Hydras.  B.  P 
and  saturating  Distilled  Water  with  the  product     Contains  about  a  14 
Ca<OH)t.     Dose:  4  to  30  c.c.    <i  to  85.)    (16  c.c.  =  45..  U.S.P). 
Syrupus   Calcis    (U.  S.  P.)     {Liquor   Colcis  Saeeharatus,    B.  P.).— 
Stronger  solution  of  lime  in  syrup.     Dose:  l.o  to  4.0  c.c.  (15  to  tio  nv 
(2  c.c.  =  30  TTi..  U.S.  P.). 

Cakii  Phosphas  PriPcipilatns  (U.S.P.)  [Caicii  Phosphas.  B..P.I 
Ca*(PO«)3.     Almost  insoluble.     Dose:  as  for  the  carbonate. 

Syrupus  Caicii  Laetophosphatts  (U.S.P..  B.  P. »— Calcium  ca 
bonalc.  dissolved  by  a  mixture  of  lactic  and  phosphoric  acid«,  in 
syrup  flavored  by  Orange  Mower  Water.  Dose:  8  c.  c.  =  J 
(U.S.  P.). 

Caicii  Chloridum    (U.S.P..   B.  P.). —  Chloride  of  Caldum    (Not 
be  confused  with  Chlorinated    Lime.'). —  CaCli.   fused.     Highly  h 
scopic.    Dose:   0.3  to    1.2   Gm.    (5   to  20  grs.)    (0.5   Gm.  =  7^^  gr 
U.  S.  P.). 

VII.  STRONTIUM. 


Strontium   resembles  barium   in   its  actions,  as  also  chemically 
stands,  however,  far  behind  in  toxicity,  being  even  less  toxic  than 
Like    Ca,    it    hastens    the    coagulation    of   blood,   although    it   is  mu 
weaker.     This   action    is   not    shared    by    Ba   or    Mg.     In    •''■"-  ■^l 
tions  only  very  small  amounts  are  absorl>cd   from  the  »t'  : 
from  the  intestine,  since  it  is  converted  into  phosphates,  in 
it  is  also  generally  deposited   in  the  bones.     The   urine  cont.iii 
traces  of  strontium,  even  if  it  iis  given  subcutaneously;  the  c\. 
)ccnrring  mainly  by  the  intestine  (Wood,  iRg8). 

Strontium  possesses  no  therapeutic  indication.     It  may  be  useful 
moderate    the    action   of   anions,    since    its    salts   must   be    d 
before  the  anions  can  be  absorbed. 

Strontiutn  bromid,  iodid.  and  salicylate  are  of!icia1. 

*  Strontit  Lactas. —  Soluble  in  4  parts  water.    Dose:  1  to  8  Cm.  i 
to  2  drachms). 

VTTI.  BARTUM. 


s 
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Unlike  the  other  elements  of  its  group.  Ca  and  Sr.  this  elcmeui  '^ 
very  toxic.  Its  efTects  resemble  those  of  the  digitalis  group:  It  pr*-* 
duces  the  same  action  on  the  cardiac  muscle;  a  strong  vasoconfliK- 
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tion  by  direct  stimulation  of  the  arterial  muscle  (occurring  therefor 
after  apocodcin.  Uixon,  1903)  ;  strong  stimulation  of  penstahis,  even 
on  intravenous  injection  (.Exercise  67)  ;  and  a  stimulation  and  later 
paralysis  of  the  central  nervous  system.  It  also  produces  local  irrita- 
tion, and  is  inimical  to  the  lower  forms  of  life,  such  as  yeast  cells. 

These  actions  are  not  utilized  therapeutically  (except  in  veterinary 
practice)  on  account  of  the  toxicity.  The  excretion  of  barium  occurs 
largely  by  the  feces,  as  with  Ca  and  Sr. 

Its  local  action  results  in  gastro-entcrilis  and  some  degree  of  cor- 
rosion, and  fairly  hrge  absorption.  It  may.  therefore,  produce  its 
syrtemic  actions  even  when  given  by  the  moiuh.  The  m<ist  con- 
spicuous of  these  are  upon  the  circulation:  a  slowing  of  the  heart 
(digitalis  action),  and  a  rise  of  blood-pressure  (constriction  of  ar- 
terioles). The  pulse  is,  therefore,  small,  hard,  and  slow.  La(-ge  doses 
paralyze  the  cardiac  muscle. 

Whtn  given  in  very  dilute  solutions  the  amount  absorbed  is  very 
small,  and  is  then  deposited  in  the  bones.  The  fatal  dose  of  barium 
salts  is  given  as  3  to  15  grains.  The  chemic  antidotes  are  sulphates 
(Glauber's  salt),  which  act  by  forming  the  insoluble  barium  sulphate. 

IX.  MAGNESIUM. 

(The  therapeutic  importance  of  the  Mg  ion  is  confined  to  its  cathar- 
tic action  (see  page  544).  If  it  is  given  by  the  alimentary  canal,  very 
little  is  absorbed  and  it  has  no  further  effects.  It  is.  however,  an 
essential  constituent  of  protoplasm,  being  necessary  especially  to  the 
extranuclear  portion  of  the  cells.  If  it  is  injected  directly  into  the 
circulation  it  produces  effects  which  resemble  those  of  potassium, 
especially  a  prompt  paralysis  of  the  heart.  If  this  is  not  acutely  fatal, 
complete   recovery  occurs   very  quickly. 

The  administration  of  soluble  magnesium  salts  increases  the  elimina- 
tion of  calcium,  and  thus  lessens  the  calcium  deposition  in  young  ani- 
mals (Malcolm,  1905)- 

X.  BROMIDS. 

The  experimental  data  in  regard  to  this  ion  are  as  yet  very  un- 
utisfactory.  The  doses  which  can  he  introduced  do  not  produce  any 
decisive  phenomena  in  animals.  The  most  conspicuous  cflFccts  are 
observed  in  epilepsy.  But  here  the  KBr  is  far  mtire  efficient  than 
NaBr;  and  since  other  K  salts  also  exert  a  similar  action,  some  au- 
thors have  regarded  the  Br  ion  as  entirely  inactive.  This  docs  not  do 
justice  to  the  evidence  — for  these  other  R  salts  are  much  less  efficient 
than  the  bromid,  and  NaBr  is  also  eflfective.  Tlie  K  aids,  however, 
and  RBr  is  always  prcfetred. 

In  any  case  the  action  of  the  Br  ion  is  small  and  con- 
sists in  a  depression,  rather  than  in  abolition,  of  function. 
The  action  is  studied  in  much  the  best  manner  in  man, 
because  sli|j-ht  changes  in  tlie  central  ner\'(ms  system  are 
extremely  difficult  to  observe  in  animals.  Tn  man  it  leads 
tr>  dq)ression  of  mental  activity  in  g^eneral,  btit  certain  kinds 
arc  much  more  readily  influenced  than  others.  These  dif- 
ferences have  not  been  sufficiently  studied.  The  defect 
se«ms  to  be  in  appreciation  rather  than  in  perception:  just 
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as  in  the  case  of  morphin,  it  seeins  that  the  stimuli  Te^C^^^^^^ 
the  brain,  hut  are  not  appreciated  in  the  ordinary  manne   ^^^^• 
But  the  power  of  observation  and  attention  are  not  inters  '^' 
fererl  with  in  moderate  doses.     In  the  case  of  reflexes  i"        ^^ 
seems  to  Ix?  tlie  connecting  link  between  the  central  cell  M   Blls 
which  suffers,  so  that  the  main  effect  is  not  upon  the  prii-"^- 
mary  reflex,  but  upon  other  reflexes  which  may  arise  fr«nK^»'«m 
this.    So  also  a  stinuilation  of  the  motor  areas  which,  un^lc  Ji-^cr 
the  conditions  of  the  exi)eriment.  ^ives  rise  to  general  epi»^Di- 
leptiform  convulsions,   will,  after  the  adminlslralion  of  =.         a 
broniid.  be  confined  to  the  area  directly  stimulated.     If  •  a 

bromid  is  administered  to  animals  under  strychnin,  ih  m~~§\t 
effect  of  stimulation  does  not  have  nuich  tejidency  to  spreaif  :^'A, 
whilst  the  ]>nmary  reflex,  say  the  patellar,  will  still  be  exs>*^LX- 
ag^erated.      Although   the  main    interference   is    with  lh«~:A« 


spreading  of  the  impulse  to  other  parts,  the  direct  rcHex^ 
are  also  iliminished.     This  was  utilized  before  the  d.i*. 
local  anesthetics,    for  instance,   in  the  examination  o 
throat. 

Large  doses  of  potassium  bromid  may  have  an  acti 
upon  the  heart,  depending  entirely  upon  the  potassium  to? 

2.  If  the  administration  of  bromids  is  continued   for 
considerable  length  of  time,  there  restdts  a  series  of  sym- 
toms  grouped  under  the  name  ''bromism.'*     These  dcpc 
on  a  local  irritant  action,  which  linds  expression  in  gastrit 
in  acne,  in  coryza.  etc.     It  is  due  partly  to  the  salt  :^ci» 
of  the  bromin  salt,  also  probably  in  part  to  a  decomp^^ 

of  the  bromid.  with  lil>eration  <»f  bromic  acid  and  bf' 
by  the  free  acids  existing  in  these  situations:  in  the  stonn  - 
hydrochloric  acid;   in   the  mouth,  large  quantities  of  c^ 
bonic  acid:   in  the  skin,   especially  the  acid   secretions 
the  sebaceous  glands.     It  is  favored  by  insufficiency  of  ^ 
kidney.     It  is  more  easily  produced  in  old  age. 

3.  The  excretion  of  the  bromid  l>egins  very  quickly.  t»' 
lasts  for  a  ver}'  long  time,  traces  appearing  in  the  urine  f'' 
over  sixty-five  days.  The  main  amount  is  found  in  thr 
blood,  and  next  to  this  in  the  brain  and  kidneys:  the  liv^. 
bile,  and  spleen  are  free  from  it.  This  slow  excretion  icivl> 
support  to  the  theory  that  the  bromin  enters  into  combina- 
tions in  the  body,  and  it  is  very  likely  that  it  may  to  ^^vcx 
extent  take  the  place  of  the  chlorin  in  its  protoplasmic  com- 
pounds.    The    excretion    of    chlorids    is    increased.    The 
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administration  of  NaCI  quickens  the  excretion  of  the  Br, 
and  lessens  the  symptoms  of  brumism,  but  also  the  other 
eflPects. 

If  the  same  dose  of  bromid  is  taken  daily,  a  condition  of  cquillibriuTn 
becomes  established  in  abuut  two  or  tliree  weeks,  so  that  as  much  is 
excreted  as  is  taken  in;  this  is  disturbed  whenever  the  dosage  is  al- 
lered.     Chlorids  and   iodids  behave  in  the  same  manner. 

The  phosphates  of  the  nrine  are  somewhat  diminished,  the  N  in- 
:reased.  but  the  metabolic  action  is  not  large  (.Chiitetidcn,  1884). 

The  bromid  action  can  only  be  obtainetl  from  fairly  large 
doses,  is  always  rather  small,  and  is  not  usually  seen  until 
the  administration  has  been  continued  for  some  time. 


No  effect  can  be  expected  from  the  bromin  in  salts  which  are  used 
in  small  doses  —  i*.  g.,  bromid  of  qiiinin,  of  arsenic,  etc.  In  these  it 
can  only  be  useful  by  inlliienciug  the  solubility  or  dissociability  of  the 
compound. 

The  effects  of  the  continued  administration  of  bromids 
consist  in  an  exag'gerattnn  of  the  effects  observed  after  a 
single  dose.  There  is  dullness,  had  memory,  sometimes 
aphasia:  and,  in  general,  lowered  activity  of  the  central 
ner\'ous  system.  Partly  on  account  of  this,  partly  on  ac- 
count of  the  gastritis  and  general  irritant  action,  there  is  a 
lowered  resistance  on  t!ie  part  of  the  patient.  All  these 
symptoms  seem  to  disappear  tpiile  (|uickly  on  the  with- 
drawal of  the  drug,  persisting  only  a  little  longer  than  the 
bromin  remains  in  the  body. 

4.  Therapeutics. —  Ennnirls     are     n^^ed     mainly     against 
■epilepsy.     They  were  introduced  for  this  purpose  in  1853. 
They  do  not  seem  to  be  efficient  in  all  cases,  probably  be- 
<:ause  epilepsy  has  different  causes.     The  successful  cases 
amount    to   something   like   QO'^^f    in    idiopathic    epilepsy.* 
n^rge  doses   must   be  employed  and   continued    fnr  some 
"•iine.    The  potassium  bromid  is  the  more  efficient  salt.    On 
*he  other  hand,  tlie  calcium  or  strontiuui  bmniids  are  less 
irritant  to  the  stomach,  since  they  must  be  decomposed  be- 
fore l>eing  absorbed,  and  the  bromid  ion  is  therefore  liber- 
■^ated  more  .slowly.     The  attacks  of  epilepsy  usually  return 
^ssoon  as  the  remedy  is  removed.    In  some  few  cases,  how- 

*  Bins  sivcfl  the  fotlowinit  compilation: 
Pcrtnanrnt  cum,  40%- 

Total  abolition  b!i  lonir  an  drug  is  continued,  12%. 
Diminivlied    number    and    violence   of    attacks,    83%. 
So  inRucnce,  iW%- 
Numbcr  of  attacks  increased,  j^%. 
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ever,  a  permanent  effect  seems  to  have  been  obtained.     It 

is  possible  tliat  tliis  cure  was  not  due  to  the  bromin.  but 
was  spontaneous.' 

It  has  also  been  attempted  to  employ  bromid  against 
other  diseases  which  rest  upon  a  heightened  irritability  of 
the  central  nervous  -system  —  for  instance,  chorea  and  tet- 
anus. The  results  have  been  variable;  sometimes  it  has 
been  efficient,  and  at  other  times  not.  It  is  useful,  however. 
in  all  cases  of  overactton  of  the  brain  —  worry,  etc. —  and 
all  the  conditions  which  arise  from  these  —  e.  g.,  insomnia 
and  nervousness.  It  is  of  no  value  in  [jain.  The  depression 
which  it  produces  is  rather  lasting,  so  that  it  is  not  indicated 
as  an  ordinary  hypnotic.  It  is  useful  in  all  cases  where 
there  is  an  exaggeration  of  reHexes,  such,  for  instance,  as 
some  cases  of  cough ;  ii^  incontinence  of  urine  if  this  results 
from  overaction  of  the  detrusor  center.  It  may  be  useful  in 
reflex  vontiting.  It  has  been  recommended  in  both  seasick- 
ness and  pregnancy;  the  results  have  been  variable.  It  is 
useful  in  pertussis  ( i  Gm.  per  day  for  a  child  one  year  old). 
Large  doses  are  often  curative  in  acute  mania  —  as  much 
as  100  Gm.  may  be  given,  distributed  over  three  days. 

As  to  the  manner  of  administration,  the  bromids  should 
always  be  largely  dihited,  and  are  best  flavored  with  pep- 
permint or  wintergreen. 

It  is  daim<rd  by  some  clinicians  that  the  sodium  and  ammonium 
bromids,  or  mixtures  of  several  bromids,  arc  beUcr  tolerated  by  the 
stomach.  Erlenmeycr  recommends  the  proportion  KBr  :  NaBr  : 
NH.Br  as  2  :2  :  I. 

5.  Materia  Medica. —  The  bromids  arc  readily  soluble  in  water, 
fairly  soluble  in  akohul.  They  are  given  in  doses  of  o..?  to  4.  Gm.  (5 
to  60  fiTs.)  ;  for  children,  aliout  0.05  Gm.  (l  gr.)  per  year.  Bromids 
are  incompatible  with  strychnin. 

One  part  is  soluble  in  water:  alcohol: 

Amtnonti  Bromidum    {TJ.S.  P.). —  NH.Br 1.2  12.5 

Calcii   Bromidum    (U.  S.  P.).^  CaRr, 0.5  t. 

Lithii   Bromidum    <U.  S.  P.V — LiBr a6  very  sol. 

Potojsii    Bromidum    (U.  S.  P..   B.  P.).— KBr J.5  18a 

Sodii  Bromidum    CU.  S,  P.,    B.  P/).— NaBr 17  12^ 

Strontii    Bromidum    (U.  S.  P.).— SrBr,  +  6H,0. ..  i.O  readily  sol. 

Unci  Bromidum    (U.S.  P.). —  ZnBft readily    sol.  readily  sol. 

Dose:  0.125  Gm.  ^2  grs. 

»  The  treatment  of  Kpilcpsy:  nesirtes  the  hromidt.  the  following  Hmgf  haT* 
!n  used  empirically:  Opium,  ^'ale^i!ln.  Belladonna.  Zinc  Osid,  ChloTsI.  Adonit 
remalis,  Solanum  CaroltnenRc,  salicylates  and  antipyretics.  It  is  vrr>-  difficult 
>  iorm  an  estimate  of  their  value,  since  epilepsy  is  tcmnorarily  benehted  hy 
Imoit  any  placebo.  These  druus  can  only  l»e  recommendea  when  bromids  h»»« 
liird  or  arc  for  any  rra»itn  badly  tiorne.  No  treatment  will  be  successful  except 
U  W  joined  with  a  careful  reirulation  of  diet  and  general  hyficne,  exccMes  of  alt 
kinds  being  strtctlv   proscribed. 

The  inhalatiun  of  Amyl  NttHte  »  sometinws  useful  during  the  stuck. 
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*  Puhis  Potassis  Bromidi  Effcrvescens  (N.  F.), —  A  heaped  teaspoon- 
ful  contains  o.(>  Cm.   ( 10  grains). 

*  Fulvis  Potassii  Bromidi  Effcnrscens  cum  CafFeina  (N.  F.). —  Con- 
tains, in  addition,  0.06  Gm.  (l  gram)   Caffein. 

*  Elixir  PotQSsii  Bromidi  (N.  F.). —  4  c.  c.  (i  drachm)  =0.6  Gm.  (10 
grains)  KBr. 

Acidum  Hydrobromicum  Diiutum  (U.  S.  P.,  B.  P.). —  10%.  Dose: 
5  to  10  c  c.   U  to  2h^  drachmsj.  diluted    (4  c.  c.=  i5.  U.  S.  P.). 

*  Bromipin.  a  combination  of  10%  of  bromin  and  oil  of  sesame,  is 
said  to  be  more  readily  absorbed,  to  be  less  irritant,  and  less  liable  to 
produce  bromism.     Dose:  4  to  15  c.  c.   (i  to  j^S  drachms)  per  day. 

XL  lOUID  ION. 

Our  knowledge  of  the  actions  of  the  iodic!  ion  is  derived 
from  clinical,  rather  than  from  experimental,  data. 

The  iodids  are  specific  in  tertiarv  syphilis  and  its  sequels.* 
They  also  affect  chronic  rlieumatism  and  asthma.  They 
lead  to  the  resolution  of  various  pathologic  formations. 
especially  those  involving  comiective  tissue.  They  also  pro- 
duce obscure  changes  in  metabolism,  leading  to  marasmus 
and  cachexia.  The  excretion  of  N  is  increased,  but  it  oc- 
curs in  less  completely  oxidized  form.  The  same  is  true  of 
sulphur.     lodin  itself  has  a  very  similar  action. 

These  phenomena  can  all  be  reduced  to  alterations  in 
metabolism,  which,  as  usual,  influence  most  profoundly  the 
less  vigorous  and  less  stable  pathologic  connective  tissue 
formations. 

Iodids  on  Intravenous  Injection  exert  a  quite  characteristic  action 
on  the  cardiac  vagus  endings,  paralyzing  them  after  the  manner  of 
atropin.  They  also  lower  the  excitability  of  the  depressor,  so  that 
stimulation  of  its  trnnk  does  not  lower  the  pressure  in  the  normal 
manner.  In  the  frog,  they  cause  rigor  of  the  skeletal  muscle.  In  rab- 
bit* thcv  produce  death  through  pulmonary  edema  with  pleural  enu- 
»ions.  The  latter  phenomena  are  prnhahlv  due  tn  the  irritant  action 
of  liberated  iodin.  The  statements  rceardiiig  central  actions  are  con- 
tradictory, and  probably  untrustworthy  (Barhcra,  1900:  Jodlbauer, 
1902;  Heinz.  1808). 

I.  Explanation  of  Action.— No  complete  and  imassaiLiWe  ex- 
planation of  the  nu'tabolic  effects  of  iodids  is  possible  with  our  present 
knowledge.  T>iere  are,  however,  some  very  suggestive  facts :  The 
absence  of  any  circulatory  or  nervous  actions  shows  that  the  cflFects 
of  the  iodids  must  be  exerted  directly  on  the  celts.  It  is  easy  to  un- 
derstand that  the  salt  and  inn  actions  of  iodids  on  the  protoplasm 
must  be  veo'  large  and  prnfotmd :  The  iodid  ion  is  very  diffusible, 
and  penetrates  readily  into  most  cells.  It  is  an  absolutely  foreign  ion 
to  the  body.  The  f>olassium  ion.  in  combination  with  which  it  is  ustJ- 
ally  administered,  is  al»o  practically  a   foreign  ion,  so  that  the  Kl   is 
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especially  active.    On  the  other  hand,  the  close  rctation  of  l/w  io^^ 
ion  to   thf  cMorid  wn  kads  to   the   ready   displacement   of  the  Utt^^^* 
from  its  combinations,  as  is  shown  by  the  fad  that  the  excrrtioii  ^^^ 
the  chlorids  is  ifreaily  increased.     This,  and  the  slow  excretion  oi  il^^^^ 
iodid  support  the  view  that  it  enters  into   liMi-»e   ion -compounds  wf    ^_^ 
the  protcids,  and  it  is  very  reasonable  to  suppose   that  the  propeni*"^^^  ' 
of   these   componncis    differ    from   those   of   the   corresponding   chlor^^**   _ 
compounds.     Indeed.  Pauli  (1903)  has  shown  tl»at  the  effects  of  nxiid  J^' 

and   the   allied   sulfocyanids,  on  the   viscosity  of  colloids  is  especiil^^^^^  ^ 
large,  as  these  render  proteid  solutions  more  fluid. 

The  iodids  are  furthermore  very  readily  decomposed,  under  d 
conditions  of  the  body,  with  llie  production  of  hydriodic  acid  and  in 
iodin.  These  may  irntcr  directly  into  the  proteid  molecules,  produrtn 
compounds  with  new  properties.  lodothyrin  is  the  most  important  < 
the  organic  iodin  compounds  in  manunals;  but  according  to  ju»u 
(1902)   organic  iodin  is  present   in   all  eel!   nuclei. 

Bromids  or  sulfocyanids  cannot  replace  this  iodin;  nor  can  bromi 
be  found  in  file  thyroid  gland  when  bromids  have  been  administered 


All  these  factors  are.  to  a  variable  degree.  conceme<l  ir  .^r^  vi 

the  action  of  the  iodid  ion  on  metal>olism  ;  but  it  is  quil^^"  -^l€ 
conceivable  that  other  factors,  which  are  not  at  prescir^  ^  -^^ 
appreciated,  may  play  a  prominent  role. 

The  excretion  of  iodids'  occurs  mainly  by  the  urine  an.^c"^^  ud 
begins   very  early.     The   excretion  begins   uithin   teti  <i^ 
twenty  minutes  and  reaches  its  maximum  in  two  hour^ 
it  persists,   however,   for  a  considerable  lime,   with  dos^^ 
of  0.5  Gm.  for  40  hours,  with  larger  doses  for  20  dar  ~~^^ 
The  excretion  can  be  hastened   by   administering   chlor^ 
of  nitrates,    but   not    by   diuresis.     Considerable   iodid 
also  excreted  by  the  saliva  and  mucus   (teors.  stomacf^ 
cerebrospinal  fluids,  etc.).  but  is  mostly  reabsorbed.     Swcs=^ 
contains  only  traces  (Kellerinanu.  1905). 

2.  lodism —  The  liberation  of  free  ifnlin  and  hydriod  -^^  ^^"' 
acid,  which  are  Ixith  strong  irritants,  may  give  rise  to  vt^F'  ^==^0 
unpleasant  side-effects  resembling  in  a  general  wav  thor^ 
which  were  described  as  bnnnism — gastritis,  var- 
diseases,  coryza,  increase<l  bronchial  secretion,  par- 
The  iodids  are  very  weak  compounds  and  arc  decompfi 
even  by  carbonic  acid  and  nitrites.  Since  these  arc  mtj^=^ 
abundant  in  the  respiratory  organs,  these  show  a  pronoui 
local  action.  The  extent  of  the  local  manifestations  -^^^ 
ioflism  varies  greatly  in  different  individuals,  or  in  the  sam^'  * 
individual  at  different  times:  this  may  perhaps  be  exnlaine*^"^ 
by  a  different  degree  of  acidity.  lodism  can  be  i> 
very  largely  by  the  administration  of  alkalies  nr  > 
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Some  clinical  obsen  ers  claim  that  large  doses  are  often 
better  borne  than  small;  and  that  syphilitic  patients  are  less 
subject  to  iodism  than  <»thers.  The  statements  neetl  con- 
firmation. 

4.  Therapeutics. —  i.  Third  Stage  of  Syphilis:  The  con- 
tinned  administration  of  iodids  in  this  stage  removes  all  the 
symptoms  in  a  specific  manner,  arrests  the  progress  of  the 
dis<")rder,  and  repairs  the  existing  lesions. 

It  is  impossible  to  say  at  i)resent  whether  the  iodids  exert 
a  specific  action  on  the  sypiiilis  organism,  if  such  exists, 
whether  their  effect  is  due  to  an  ion  action  on  metabolism. 
or  whether  it  is  simply  a  general  salt  action,  the  breaking 
down  of  pathologic  new-formati<in.  The  iodids  alone  seem 
to  have  no  action  in  ihe  first  antl  second  stages  of  syphilis. 
But  in  the  latter  they  are  often  useful  in  combination  with 
mercury. 

It  makes  no  difference  in  this  case  wliether  one  gives  mercuric 
^hlnrid  and  pdlassitim  itiditl.  or  mercuric  i<Kiid:  for  Uic  latter  will  he 
decomposed  into  mercuric  chlorid,  and  its  iodin  will  form  sodium 
^odid. 


The  iodin  also  seems  to  aid  in  the  removal  of  mercury 
"which  has  tjeen  accumulated  in  the  body  during  the  first  and 
second  stages. 

It  seems  to  be  similarly  nscftil  in  the  rcmov.T)  of  lead  in  clironic 
lead-poisoning.  It  acts,  perhaps,  by  stimulating  llie  general  activity  of 
'9jie  cells,  bnt  the  subject  is  very  little  understood. 

a.  Its  action  in  chronic  rheumatism  presents  the  same 
"j)roblems,  and  it  cannot  l>e  decided  whetlier  it  acts  by  de- 
stroying the  organisms,  or  by  changing  their  products,  by 
removing  the  lesions,  or  by  altering  metabolism. 

3*  Similar  questions  arise  in  C(^nncction  with  its  benefits 
in  many  cases  of  asthma.  It  could  be  conceived  as  irri- 
trating  the  muqous  membrane;  as  liquefying  the  mucus;  as 
-filtering  the  vascularity;  as  paralyzing  the  vagtis  endings. 
^tc.  These  fact<:)rs  may  all  enter  into  its  actiun.  but  nothing 
^:*an  be  definitely  affirmed. 

4'  Iodids  cause  a  reabsorption  of  hyperplastic  fibrous 
tissue,  and  will  therefore  reduce  chronic  inflammatory 
?=^wellings.  Tliey  may  cure  fibrous  goiters.  They  are  also 
<^^f  pronounced  benefit  in  arterinsclerosis.  wliirli  tliey  may 
<^re  entirely  if  it  is  not  too  far  advanced.    They  do  this  by 
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causing  llie  disappearance  of  llie  increased  fibrous  tissue 
Tlieir  action  nn  tiibercidosis  and  chronic  pneumonias  is 
partly  referable  to  this.  They  are  als<^  recommended  in 
actinomycosis. 

5'  They  are  very  useful  as  expectorants,  through  their 
deep  and  lasting  salt  actinn,  and  by  liquefying  the  mucus. 

It  has  been  claimed  that  they  diminish  the  secretion  of 
milk,  but  the  statement  does  not  rest  <>n  secure  evidence. 

5.  Materia  Hedica. —  The  iodids  should  be  administered 
in  gradually  increasing  doses,  in  such  a  way  as  to  cause  the 
mininuun  j^astric  derangement.  The  KI  produces  the  maxi- 
nium  effect.  It  is  claimed  that  SrL,  causes  the  least  side- 
actiiitis.     Their  dose  is  o.j^  to  4  Gm.  (  5  to  60  grains). 

In  syphilis,  the  treatment  may  be  started  with  1.5  Gm. 
three  times  a  day  (two  hours  after  meals)  ;  increasing  the 
dose  by  0.3  Gm.  every  .second  day.  Iodids  are  readily  stAu- 
ble  in  water,  fairly  in  alcohol.  They  should  unrr  be  used 
with  cahnueL  Fhcy  are  also  incompatible  with  strychnin. 
Salts  which  have  become  yellow  through  the  liberation  of 
iodin  should  not  be  dispensed. 

Onr  part  is  soluble  in  water:  alcohol: 

Ammonii   lodidum    (U.S.P.). —  NH^.I a6  9, 

Polassii iodidiim    (U.S.P..   B.P.).— KI 0.7  W. 

Sodii  lodidum   ( U.  S.  P..  B.  P.  > .— Nal as  3. 

Strontii   lodidum    (U.  S.  P.).— Sri,  +  6H^ as  sol 

Zinci  lodidum    (U.  S.  P.). —  Znlj readily  readily 

Dose :  .0.065  Gm.  =  i   gr. 

*  Solutio  Potassii  lodidi  1:1(1  H],.^!  gr.). — Dissolve  I  J  in  5*^45 
of  water,  and  make  up  to  i  fl  5. 

Vngucutuvi  Polassii  lodidi  (U.  S.  P.).— 10%  in  benzoinaied  lard 
(irrational ). 

Acidum  Hydriodicum  Dituium  (U.S.  P.). —  10%.  Dosf.  0.5  c.c  = 
8  HI.  (U.  S.  P.V 

Syru{»us  Acidi  Hvdriodict  (U.S.  P.). — 1%.  Dosr:  4  cc-  =  i5. 
(U.S.  P.). 

^lodipin  is  a  compound  similar  to  Bromipin  (see  p.  — ).  and  con- 
tains 10%  of  ioilin.  The  same  advantages  are  claimed  for  it.  Oosc: 
4  10  15  c.c.  (1  to  4  drachms)  by  month,  or  10  c.  c.  of  25%  suspension 
mjccled  into  th«  Rhiteal  muscles. 

XII.  SULFOCYANTD  ION. 

This  inn  does  not  show  any  cyanid  action.  Tt  inflnences  the  aggre- 
gatinn  of  colloids  in  the  same  way  as  the  iodid  ion,  hcing  even  some- 
what more  solvent.  This  analogy  suggested  a  therapeutic  trial.  In 
the  as  yet  rather  limited  number  of  cases  in  which  it  has  hern  tested, 
it   was    found    to    affect   neuroses,    arteriosclerosis,    and    syphilis    Ui   a 
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manner  analogous  to  the  iodids,  being  even  sonacwhat  stronger  fPauli, 
1903).  It  also  hastened  the  tliminalion  of  metals  —  perhaps  by  ren- 
dering the  metal-proteid  comptiunds  more  soUible.  It  resembles  the 
iodids  further  in  producing  coryza,  acne,  and  other  symptoms  of 
iodism.  A  conspicuous  difference  from  iodids  lies  in  the  fact,  that  it 
does  not  act  on  the  thyroid  gland.  It  was  used  as  the  sodiuw  suffo- 
cyantd,  in  the  maximal  dose  of  1  Gm.  (15  grains)  per  day.  This 
5alt  is  quite  soluble  in  water.  The  pctassium  salt  could  probably  be 
used  in  the  same  dose. 

XIII.  FLUORID  ION. 

Sodium  Ruorid  is  a  general  protoplasmic  poison.  It  has  a  strong 
focal  irritant  action,  a  2%  solution  being  corrosive  to  mucous  mem- 
branes. The  systemic  action  resembles  that  of  the  oxalates  and  is 
prohahly  produced  in  the  same  manner,  by  the  formation  of  insoluble 
<alcium  salts. 

In  the  frog,  it  produces  fibrillary  contraction  of  the  muscles. 
These  disappear  on  section  of  the  nerve.  Larger  doses  produce  rigor. 
"The  systemic  effects  arc  dyspnea,  loss  of  rertexes,  stoppage  of  respira- 
tion, cardiac  standstill.  In  mamttiaU  it  causes  salivation,  gastro-en- 
'^eritis,  dyspnea,  muscular  weakness  and  tremors,  epileptic  convulsions, 
^all  of  arterial  pressure,  and  stoppage  of  respiration  and  heart.  Rigor 
scis  in  quickly,  The  abdominal  organs  are  conge'^tcd.  The  intestinal 
epithelium  is  destroyed  (even  when  the  poison  is  introduced  by  other 
•channels),  whilst  the  cilia  of  the  respiratory  epithelium  may  still  be 
:vnoving   (Siegfried,  1901). 

When  fluorids  are  ^iven  in  small  amounts,  greatly  diluted. 
-they  are  absorbed  and  deposited  for  the  mttnt  part  in  thj 

The  bones  become   unusually   hard,   while,   and  brittle,   and  contain 
^F«.ma!l  crystals,  presiunahly  CaFj.     A  small  nmount  nf  the  latter  is  nor- 
:x-nally  contained  in  the  hones  and  teeth,  but  the  percentage   (0.02-0.05) 
:^  s  so  &mall  that  it  cannot  be  regarded  as  essential   (Jodlbauer^  1901). 

The  fluorids  are  quite  inarkedly  antiseptic.     In  the  pro- 

"^X)rtion  of  i  ;  200  tliey  prevent  completely  the  development 

^cTjf  bacteria,  and  are  sonietiines  use<l  for  this  purpose.    They 

^Xnave  no  important  therapeutic  application,  and  sjnall  toxi- 

serologic  importance. 


*  Sodii  Fluoridum  (Sodium  fluorid),  NaF. —  Soluble  in  25  parts  of 
^ater.  Used  externally  as  antiseptic.  For  dressings.  0.5  to  10  :iooo: 
"ijections,  0.25  to  r:i.ooo;  against  fermentation  in  food,  10  to  15  mg. 
►  <r  Liter.    0.25  Gm.  have  produced  dangerous  symptoms  in  man. 

*  HydrvHuoric  Acid  is  a  very  violent  volatile  caustic.  The  bums 
"■ippurate,  and  heal  very  slowly. 

XIV.  THE  NITRATE  ION  (NO.). 

1.  Action. —  In  addition  to  an  extensive  salt  action,  this 
appears  to  produce  a  more  specific  irritation,  which  must  be 
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reterre<l   to  the  ion.     The  salt  action  is  explained  b)'  it-^ 
ready  penetration,  and  by  its  being  entirely  foreign  to  il^  ^ 
animal  body.     The  specific  irritation  is  exerted  mainly  ^"^^^ 
mucims  membranes,  and  results  in  gastritis  at  the  place  ri^^*  »^ 
entrance;  in  diuresis,  or  with  large  doses  nephritis,  at  thi— -  -^ 
place  of  exit. 

Smaller  doses,  Ion(f  continued,  cause  a  hemorrhagic  tendency,  edem 
and  fatty  heart   (Fackelmann.   i8g8). 

The  nitraics  arc  aI*o  reduced  to  a  large  extent  in  the  body.     A  err 
Clin   proportion   is   excreted  as  nitrite.     This   reduction   takci^   phce  f^^ 
slowly,  in  the  case  of  the   inorganic  nitrates  that  no  nitrite'action  a^r 
ordinarily   he   seen ;   hut    very   large   doses   may   cause   mcthemoglobi^ 
forniation   (Binz  and  Gerhnger,   iQOi). 

The  excretion  of  nitrates  presents  the  same  pecuharitics  as  that 
the  chlorids,  bromids,  and  iodids. 

In  the  case  of  potassium  nitrate,  considerable  of  the  eff' 
must  be  attributed  to  the  potassium,  and  this  salt  is  usually 
emphn'ed  when  the  potassium  action  is  desired.     This  i 
due  to  the  fact  that  the  nitrate  ion  increases  the  rapidity  < 
the  absorption  of  its  cathion.     Potassium  nitrate  has  ther 
fore  a  trcofold  action: 

2.  Therapeutics. —  The  nitrate  ion   is  used    for  diuresis 
For  this  purpose  4  (jm.  of  the  KNO^^  are  taken  in  a  lar 
quantity  of  water.     If  the  latter  is  carlH>nale<l.  the  abso 
tion  will  l)e  quickened,  and  the  gastric  irritation  proporti 
ately  lessened. 

The  potassium  ion  may  be  used  to  depress  the  bea 
havitig  much  the  same  indicati*xis  as  aconite  —  sthen 
fevers,  such  as  an  acute  articular  rheumatism,  etc. 

3.  Materia  Medica: 

Fntttssii  Xitras  fU,  S.  P..  B.  P.)  (.Vffcr.  Saltf*rUr),  K\0..  Solt 
in  3.6  water,  very  sparingly  in  alcohol.  Dose:  0.3  to  1.3  Gm.  (5  10 
grains).   largely  dduled   (0.5   Gm.  =  7Vi  grains,  U.  S.  P). 

Sodii  Sitras    (U.  S.  P.).— (Chili    Saltpeter).— NaNOK— Sol.  in 
water,   too  ale.     Dose:   as  the  preceding. 


_r 


XV.  TOXICOLOGY  OF  NEUTRAL  SALTS  OF  ALKALIES 

The  irritant  action  of  KNO3  is  so  violent,  if  the  sah  ^^ 
taken  in  concentrated  form  or  in  large  doses,  that  it  ha?  ^^^ 
consitlerahle  toxicctlogic  importance.    The  same  phenomct^^ 
are  produced  by  all  other  neutral  salts  which  do  not  po&acs^ 
a  specific  toxicity,  so  that  the  following  description  will  br 
Ejenerally  applicable. 

Since  the  capacity  for  the  excretion  of  these  salts  is 
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eater  than  the  capacity  for  their  absorption,  they  do  not 
sually  develop  their  ion  action  when  taken  by  the  mouth. 
Jf-lowever.  if  introduced  in  strong  solution  they  may  cause 
i^rosis  of  the  Hning  membranes,  and  will  tlien  enter  the 
i  Tculation  more  rapidly,  and  jirodnce  the  ion  symjjloms 
scril>ed  under  the  several  headings.  Ordinarily  their  ac- 
f^^n  is  a  purely  local  one»  proportional  to  their  concentration 
E  <1  to  the  time  during-  which  they  remain  in  contact.  The 
r  ter  again  is  proportional  to  their  quantity.  Since  the 
mncentration  is  necessarily  greatest  at  the  points  where 
»  ^y  enter  and  leave  the  body,  the  irritation  is  most  manifest 
n  the  alimentary  canal  and  in  the  kidneys,  producing  gas- 
ri  t  is.  enteritis,  and  nephritis.  The  phenomena  are  the  same 
5-  whh  other  irritant  poisons  (see  Chap.  XXVIII.  A). 
ri^  «y  consist  in  great  abdominal  pain,  vomiting,  frequently 
l^'^XDdy  stools:  irregular  pulse,  convulsions,  and  collapse; 
U  i:>pression  of  urine,  or  that  passed  is  aUnnninnus  and  often 
l<:XDdy.  The  gastn^enteritis  may  be  so  violent  as  to  lead 
>  ^n  early  fatal  ending.  Of  the  salts  so  far  studied,  the 
c>t:^ssium  nitrate  is  by  far  the  most  violent;  30  Gm,  (1  5) 
lay-  be  fatal  if  taken  in  concentrated  form. 

X'he  treatment  would  consist  first  in  dilution,  since  they 
crt  only  by  virtue  of  their  concentration.  Large  quantities 
'f  xv^aler  should  be  drunk  and  the  stomach  washed.  Demul- 
d"it:s  —  milk,  tgg  white,  acacia  —  are  also  useful.  The 
y'rrjptoms  should  be  met  as  they  arise. 


XVT.  THE  CHLOR.ATE  ION. 

T^l^e  chlorates  display  some  peculiar  ion  actions: 
^T^^cy  are  strong  oxidizers  chemically,  but  do  not  exert 
friis    action  in  the  body. 

^^''lien  the  chlorates  are  added  to  blood,  either  inside  or 

<AUsi<le  the  body,  they  effect  the  formation  of  methcmoglo- 

\f\ti.       The  chlorate  ion  is  not  used  up  in  this  process,  so 

that     it  may  convert  an  indefinite  amount  of  hemoglobin. 

\Ticy   differ  in  this  respect  from  the  nitrites  (see  index), 

aTi(\   their  action  is  in  consequence  more  violent  and  more 

pto^on^ed.     They  may  in  this  way  produce  an  actual  as- 

'nveWood  of  different  animals  shows  a  differcni  degree  of  siisceplibil- 
ty  f'^r  ihis  methemoglobin  formation.  These  differences  are  common 
«itJi  *"  poisons  acting  on  the  blood,  especially  as  briwcen  carnivorous 
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and  herbivorous  animals.  The  cause  is  not  understoo<1,  hut  is  perhaps 
connected  with  differences  in  the  alkalinity  of  the  tx>dy.  The  con- 
version occurs  fairly  readily  in/ru  vitatn  in  man.  dog.  and  cat,  whilst 
ratibits  and  guinea-pigs  are  almost  immune.  But  in  the  test-tube 
chlorates  convert  rabbit's  blood,  although  more  slowly  than  dog's 
The  action  i>  much  slower  outside  of  the  body,  often  requiring  sevcnl 
hours. 

lodatcft  and  Bromates  have  a  similar  action  on  hemoglobin  (  Heinz. 
1898). 

Ill  addition  to  this  formation  of  methcmogkibin,  the 
clilorates  break  up  the  bhwd-corpusclcs.  This  was  formerly 
supposed  to  produce  dangerous  embolism,  but  less  import- 
ance is  attaclicd  to  it  at  present.  But  the  proteids,  etc.. 
which  are  liberated  by  the  destruction  of  the  corpuscles  are 
extremely  irritant  to  the  kidneys  and  produce  a  very  marked 
interstitial  ncphrilis,  with  the  usual  phenomena  —  proteids 
in  the  urine,  casts,  sometimes  liemoglobin  compounds. 
Possibly  the  chlorate  ion  itself  irritates  the  kidneys. 

The  chlorates  have  also  a  disitifccting  and  local  stimulant 
action,  which  seems  to  be  rather  stronger  than  would  be 
accounted  fur  by  their  salt  proi)ertics,  and  would  ihereforc     - 
appear  to  be  a  sjjecilic  ion  acliun. 

Excretion.—  Chlorates  are  excreted  mainly  by  the  urine,  but  partly  -^ 
also  by  the  sriliva  The  urinary  excretion  begins  promptly  and  i*^^ 
completed  wiihin  48  hours,  all  the  chlorate  being  recovered.  A  greai^^ 
deal  of  this,  however,  is  reduced  to  chlorid  after  the  urine  is  voidc(Ug^ 
Tt  is  doubtful  whether  thi<i  reduction  occurs  in  the  body,  ^romfl/c^ 
boweveft  arc  partly  reduced  in  the  tissues,  and  Jodates  intensively.         ^ 

The  toxicolo^  of  ])ntassium  chlorate  is  fairly  importsr*^-. 
Poisoning  very  frequently  takes  place  accidentally,  either  "^^^f* 
an  overdose,  since  the  laity  docs  not  generally  regard  it         ;' 
a  toxic  substance :  or  by  the  swallowing  of  some  of  the  sr^/^^ 
tion  given  for  gargling. 

The  symptoms  are  those  of  a  gastro-cntcritis,  as  just   ^- 
scril^ed  (p.  575).     After  its  absorption,  it  produces  s\^p. 
toms  due  to  the  methemoglobin  f(»rmalion  aufl  destrucf/nn 
of  corpuscles;  /.  c,  peculiar  cyanosis,  nephritis,  iieniaturia. 
blood  casts,  possibly  suppression  of  urine.     Ictenis  is  3/5^ 
common.     If  the  action  on  the  kidney  is  still  stron^r.  1 

uremic  symptoms  —  coma  and  convulsions  —  may  result. 
The  course  of  p<^isoning  may  be  very  rapid.  t)'eath  has 
tnken  place  in  two  and  a  half  hours.  Usually,  V\owevcr.  it 
orriir  for  several  days. 
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The  treatment  would  be  the  same  as  for  other  irritant 
salts. 

Therapeutics. —  The  local  disinfectant  and  stimulant  ac- 
tion tn  mucf)us  membranes  is  alone  important,  and  is  exten- 
sively utilized  as  a  gargle  in  sore  throat  and  stomatitis.  The 
f:>atient  should  be  cautioned  against  swallowing  the  solution. 
TTiere  would  seem  to  be  little  indication  for  its  internal  use. 
^nd  the  popular  tablets  are  to  be  condemned. 

MATERIA   MEDICA. 


Fotassii  Chhras  (U.S.  P.,  B.  P.).  KCIO^— Soluble  in  16  water 
X*^**^l»^'Ie  in  absoUile  alcohul.  Dose:  0.2  to  1.2  Gm.  (3  to  JO  grains) 
^*3.i5  Gm.  =  4  grs.   U.  S.  P.).     As  a  gargle,  1%  to  5%   solutioi 

Trochitci   Fotassii   Chloratis    (U.S.  P.). —  Each    contains   o.i 

.^    •  ■      \ 


gram: 
lution. 

5    Gm. 

Trochiscus  Fotassii  Chloratis    (B.  P.). —  Each   contains  0.2   Gm.    (3 
ins) 


Trochitci 
^■j^/i  grains) 


'Sins } 

^odii  Chhras  (U.S.  P.). —  NaClOi.     Sol.  in  r  water,  too  ale.    Dose: 

z-_S  Cm.  =4  grs.  U.  S.  P. 

The  chlorates  explode  when  triturated  with  organic  matter. 


XVII.  THE  PERMANGANATE  ION. 

"XTiis  is  so  readily  decomposed  into  O  and  MnO,  in  contact  with 
ot"eranic  mauer.  that  its  action  can  never  be  anything  but  local.  It  is 
an  irritant  and  disinfectant  Taken  by  the  mouth  in  large  dose  it  may 
caiLJj^c  death  by  gastroenteritis. 

T~lic  PoUssium  Permanganate  (U.S.  P..  B.  P.)  (KMnO.)  is  the 
owl 3^  salt  used.  Soluble  in  15  water.  Decomposed  by  alcohol  and 
5»II  organic  matter:  explosive.  Dose:  0.065  Gm.  =  1  gr.  U.  S.  P.  It 
''^^y  be  taken  in  J<S%  solution  as  antidote  to  organic  poisons,  HCN. 
a»"c3  phosphorus.  Its  main  use  is  as  an  antiseptic.  It  is  so  readily 
•Jtistroycd  and  so  expensive  that  its  usefulness  is  limited,  t  :  j.ooo 
***  *  :  500  solution  may  be  used  as  injection  in  d3rscntery,  in  urethritis. 
*^^  as  mouth-wash,  k  saturated  solution  (x  :  16)  may  be  used  for 
5*J^  hand',  the  color  being  removed  by  a  solution  of  oxalic  acid  The 
S"0.  into  which  it  is  decomposed  is  employed  against  chlorosis, 
or    this  purpose  the  dose  is  0.03  to  at  Gm. 

XVIII.  ACETATES,  CITRATES  AND  TARTRATES. 

'  no  acetates   and   tartrates   have   no  peculiar   ion   action.    They   act 

y^\    ''1*'^  other  neutral  salt«;  but,  like  the  alkali  salts  of  most  organic 

■/'ds,   ihev  are   decomposed   in   the  body  with   the   formation  of  car- 

^"'^•'Mrv  HC>H.O»+Oi  =  2COs  +  2H,0:  so  that   they   exert  an  alka- 

Action    after    their    absorption.     This    alkali    action    i^    of    special 

!Ifj^^*^ance  on   account  of  the  profuse  diuresis  which   results  from   il. 

'w  citrates  and  tartrates  are  not  readily  absorbed,  and  are  therefore 

rotfiar/fV. 

^"«  addition  of  sodium  citrate  to  calcium  salts  produces  a  com- 
pOUTid  (containing  three  molecules  of  the  former  to  one  of  Ca>  in 
KhKh  the  Ca  ion  is  inactive:  it  is  not  actually  precipitated,  but  does 
ijol  ffive  the  Ca  reactions.  A  similar  result  occurs  if  citrates  are  in- 
jtcUi  directly  into  the  circulation.  This  tnactivation  of  the  Ca  leads 
1—37 
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to  effect*  identical  with  those  of  removal  of  Ca  by  other  means, 
by  oxalates  or  fluorids ;  stimvilation  of  the  central  nervous  %yst< 
with  convulsions,  followed  by  paralysis.  These  effects  arc  never  see 
when  citrates  arc  given  by  mouth,  since  the  slow  absr.rptiun  t>crmii 
complete  decomposition.  Citrates  also  retard  the  coagutalioH  of  bUn^ 
and  casein,  by  inactivation  of  the  Ca.  m  the  same  way  as  oxalate 
Tartrates  have  similar^  but  weaker,  action  (^Sabbatani,  1901;  v.  Vic 
inghoff-Scheel,   1902;. 

MATERIA  MEDICA. 

The  dose  of  the  salts  is  0.3  to  4  Gm.   <  5  to  60  grains)   (i  Gra.  = 

grs.  U.S.  P.). 
The  salts  arc  very  soluble  in  water.     The  potassium  salts  arc  hy^ 

scoptc,  and  should  not   be   dispensed   in    powders!     Tlic  sodium   sal« 

on  the  other  hand,  effloresce. 

I  part  is  soluble  in  Water:  .\lcohc: 
Potassii    Acctas    (U.S.  P.,    B.  P.).— KC,H,0.  o^ 

Sodii   Acetas    (U.  S.  P.).— NaCH.O,  +  ^H,0  I.  = 

Potassii  Citras  <U.  S.  P.,  B.  P.).— K.GH^O,  +  H,0      as    spar  5- 
Sodii   Ctiras    (U.S.  P.).— 2Na,aH,OT -f- iiH.O  1.1 

Liquor   Potassii    Citralis    (U.  S.  P.).— Effervescent :   8%.    Dost; 

c.c.=43  (U.S.  P,). 
Tartrates,  see  index. 


ts. 
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XIX.  OXALATE  ION. 

Oxalic  acid  is  quite  a  strong  organic  acid,  and  cxhihils  the  ordii 
acid   actions.     The   oxalates  act  as   soluble  salts.     In  addition  t^  u 

however,  they  show   an  effect  which  must  be  referred  to  the  oxah 

ion.     This   consists   of   a    specific    toxicity   to    all    protoplasm.    T- 

phenomena  resemble  superficially  tho?e  produced  by  HCN.  The  acti^^-  ^^"" 
is  probably  explained  by  the  fact  that  the  calcium  is  rendered  "^^  "* 
soluble. 

In  accordance  with  thi?  theory,  it  is  found  that  oxalates  are  not  to  ^^^^*^ 

to  a  few  lower  fun^i  which  do  not  contain  calcium.     They  arc  toxic *" 

most  plants,  but  certain  species  contain  soluble  oxalates.     In  algse   -^C^»" 

main  histologic  changes  are  seen  in  the  portions  richest  in  calciuit^ 

nucleus  and  chlorophyll.  Oxalic  acid  is  probably  a  constant  prodT  ^«*^ 
of  metabolism,  and  possibly  one  of  the  functions  of  calcitim  is  to  r^^""* 
dcr  it  harmless. 

If  dilute  solutions  nf  oxalates  are  applied  directly  to  skelet.i'  ^     ^ 

they  cause  rhythmic  contractions.     Lessening  the  proportion  ■ 
any  other  means  has  the   same  effect-     Larger   doses   of  oxa';.!.-  -    -- 
press  the  excitability  and  force  nf  the  skeletal  and  cardiac  muscle*     ^^ 

If  oxalates  arc   injected  into  the  circulation   they   affect  first    tf^^ 
central  nervous  system  in  its  whole  extent,   from  mental   fimctiorif    ^^ 
reflexes,    producing    at    first    stimulation,    with    convulsions    and   iH*** 
paralysis,  the  latter  being  the  more  conspicuous  with  large  doses 

The  medullary  center?  are  especially  affected.  In  consequence  c* 
the  asphyxia  produced  in  this  manner  ihey  cause  glycosuria,  and  I**" 
sibly  through  the  same  cause  indicanuria.  Death  occurs  from  rcspifi- 
tory  paralysis,  excepting  when  the  poison  is  injected  directly  inW 
the  circulation,  in  which  case  it  may  paralyze  the  cardiac  musck 
iv    Vieiinghoff-Schcel.    1901). 

Taken  by  the  mouth,  the  oxalate^  are  readily  absorbed,  and  poisoCK 
ing  i-;  not  at  all  infrequent  from  confusion   with  other  salts. 

The  symptoms  are :  first,  those  of  a  local  caustic,  especially  when 
Study    M  .iicria    Mcdicfl    L«t»on    44. 
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Ihen  those  of  collapse,  the  latter  possihly  preceded 
convulMons.  The  pulse  is  very  small  and  weak. 
Almost  the  entire  quantity  is  excrctt'd,  unchanged,  by  the  urine 
a%  to  95%  after  hypodermic  injections)  in  the  form  of  calcium 
alate.  This  is  almost  insoluble  and  forms  envelope-shaped  crystals, 
Itch  are  diagnostic  of  oxalate-poisoning.  The  crystals  may  be  ex- 
ited in  such  great  amounts  as  to  block  the  urinary  iiihules.  and  may 
?rehy  possibly  lead  to  nephritis,  or  retention  of  urine  and  uremia. 
Icium  oxalate,  in  rod-shaped  crystals,  may  be  found  in  all  the  or- 
ns,  but  It  may  be  absent   from  these  in  very  acute  poisoning  (Miir- 

t.  i88s) 

Metabolism    is  markedly    depressed   in   oxalate   poisoning,   especially 

e  production  of  carbonic  acid.     The  re>piratory  quotient  falls   (Cor- 

y,   1902) 

Death  by  oxalic  acid  and  oxalates  occurs  very  rapidly,  much  more 

lickly   than   by   any   other  caustic    substance.     This   is   of   diagnostic 

■portance.     (In    one   case    death    took    place   in    ten    minutes.)     The 

tal  dose  will    var>-   with   the  concentration.     The   smallest   recorded 

-aount  is  5  gram?. 

The  chemic  antidote  would  be  calcium  in  any  shape,  chalk,  lime- 

K,  etc.   (Husemann).     Liberal  quantities  of  water  should  be  given 
event   the  deposition  of  crystals   in  the   kidneys, 
alates  have  no  therapeutic  importance.    They  may  occur  in  rather 
S^  quantity   in    some   articles  of   food, — e.  g.,  spinach, —  biit   not  in 
rh  amounts  as  to  be  dangerous. 
^  Acidum   Oxalicum.   CiOiHj;    colorless  crystals,    easily   soluble   in 

jieid  potassium  oxalate,  KHGOi. 


B  XX    BORIC  ACID  AND  BORAX. 

W|cse  combine  a  very  fair  antiseptic  power  with  a  low  toxicity 
higher  animals.  Tlicy  are  also  less  irritant  than  most  other  auti- 
*:ici  Boric  acid  is  employed  in  surgery  as  dusting  powder,  as 
crated  (4%)  aqueous  solution,  as  boroglycerite,  and  m  collyria  (l 
ja%  of  boric  acid  or  sodium  borate).  Boric  acid  is  a  mild  acid, 
I  increases  the  acidity  of  the  urine;  borax  acts  as  a  weak  alkali. 
I«s«en4  the  urinary  acidity,  and  is  used  for  cleansing.  The  acid 
I  alkali  characters  are  very  weak.  The  borate  ion  has  no  other 
^€sprutic  uses. 

^*lip  frequent  empIo>-ment  of  these  substances  for  the  preservation 
'ood,  particularly  meat,  butter  and  milk  (sec  page  .^j)  makes  the 
^vtlon  of  their  toxicity  ver>'  important,  and  a  great  deal  of  work 
been  done  along  this  line.  It  may  be  premised  that  boric  acid 
t  borax  behave  exactly  alike.  A  man  livmg  largely  on  preserved 
^  may  ingest  as  much  as  0.5  Hm.  of  boric  acid  (or  its  equivalent  in 
■*X)  per  day:  the  consumption  would  generally  fall  below  this 
i^re.  All  investigators  agree  that  this  quantity  has  no  immediate 
tion  of  any  kind  in   healthy   individuals.     When,  however,   the  con- 

Elion  is  c«>ntinued  for  a  long  time,  quite  marked  effects  are  pro- 
I  The  digestion  becomes  somewhat  deranged:  the  body  weight 
is:  the  feces  become  more  watery  (but  there  is  no  diarrhea  even 
lith  larger  doses)  The  absorption  of  fat  and  of  nitrogen  i^  snme- 
*^3t  diminished.  The  urinary  nitrogen  is  slightly  decreased,  whilst 
iht  phosphates  rise  distinctly  The  quantity  of  urine  is  scarcely 
lh«tti  If  a  slight  albuminuria  was  present,  this  is  increased  (Wiley. 
\(pi),    Boric  acid  therefore   seems  to  have  a   eumuhtiz't  acHon  on 

*\*ot  oAcul. 
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digestion  and  absorption,  metabolism,  and  the  kidneys.     The  cumij^ 
live   effect   may   be   explained   by    the  observation   that   the   cxcretS 
of    boric    acid    is    slow,    requiring    several    days.     ( However,    it    bcC"  ^ 
witliin   ten   minutes,   and   reaches   its   maximum  in   the   second  hoi*. 
The  excretion  is  not  hastened  by  diuresis   (Rost,   1905). 

The  effects  of  such  doses  as  arc  actually  consumed  would  ihcrei- 
not  be  very  serious,  even  if  the  consumption  of  prescrxcd  food  w 
continued   for  a  long  time.     However,  the  rcsulis  are  somewhat  d^^ 
tcrious.  even  in  normal  individuals:  and  they  would  probably  be  v 
undesirable   in   patients   with   digestive   or   renal   disturbance. 

Somewhat  larger  doses,   1   to  3  Gm.  per  day,  produce  the  descn' 
effects  more  rapidly  and   more  severely.     Headaches   appear.     Witl 
Gm.,   the   subject   soon   becomes   unable    to   do   any    work.     Quanti 
above  2  Gm.  per  day  may   be  condemned  as  distinctly  IiannTul,  w 
out    any    hesitation.     (Some    investigators    hold    the    oppfisitc    opini 
Their  results  may  probably  be  explained  by  individual   differences, 
susceptibility,   which   were  also  noticed  by   Wile>'. )     Harnngton, 
has  observed  that  the  continued  administration  of  borax  ti?  cats  li 
to  ver>*  severe  kidney  lesions.     Very  large  doses  cause  acute  poti 
ing;   this   may   also  occur   from   local   administration.     The   «ympt«- 
consist  ordinarily   in  gastroenteritis,  congestion  of  the  abdommal 
ccra,    nephritis    (granular   degeneration),    skin    eruptions :    very   c 
monly   visual   disturbances,   muscular  debility   and   mcoordinaiion. 
of     temperature,    collapse.    The    autopsy     shows     fatty     dcgcner^ 
(Rinchart,   1901 ;   Best.   1904). 

MATERIA  MEDICA. 


Acidum  Borkum  (U.S.  P.)   \Ac.  B^^racicum.  B.  P.].— "H^BOx. 
tible  in   18  water,  15.3  ale.,  4.6  glycerin   (Sat.  aqu.  sol.  :=  5%  =25 
per  ounce).    Dose:  0.3  to   i   Gm.    (5  to   15  grs  )    (0,5  Gm.^7!^ 
U.S.  P.).    As  lotion,  injection  or  gargle.  2  to  4%. 

Vnguentum  Acidi  Bond  (U.S.  P..  B  P.). — 10%  in  white  petrol 

Liijuor  Antisrt*ticus  Compositus  (U.S.  P.). —  See  index. 

(jtyccrilum     noroglycerifti     (L*.  S.  P.)     {GIvft'rinum    Acidi    Bor* 
B.    P]— CiHiBOj.    31%  of  boric  acid.     For  external   use,  dilute-^:*     ' 
times. 

Sodii  Boras   (U.S.  P.)   {Borax.  B.  P.]    {Sod.  Biboras) .— ii2^fU<^^ 
10H3O.    Sol,  in  ao.4  water,   i  glyceiin,  insol.  in  ale    Dott'  a»  ** 

acid,  also  strength  for  externa!  use.  • 

Ghccnnum  Boracis  (B.  P.). — I  :6. 

Mel  Boracis  (B.  P.). 


XXI.  URATES  AND  URIC  AOD. 
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The  importance  of  tliese   lies  in   the   fact  that   they  maj-  be  fonj^*^ 
or  retained  in  exces-sive  amounts  in  pathologic  conditions.   uVicn   f^** 
first  produce  inflammatory  necrosis  of  cells,  and  are  then  d 
insoluble  granular  form.     Tliis,  becoming  crystalline,  acts  n- 
ful  mechanical  irritant,  producing  the  phenomena  of  gout.     ll*e*«^  t^-" 
be  simulated  in  animals  hy  the  injection  of  suspcn'^ion^  of  acid  mkIi'T*' 
urate,   and    in   birds   by   the   sulxnitaneous   injection   of   ohronwta.  '^ 
even   by  ligation  of  the   ureters.    The  cause  of  the  abnormal   appear- 
ance of  the  uratic  deposits  in  gout  etc..  is  not  understood      It  *-em* 
to  be  connected  with  changes  in  protcid  metabolism,  perhaps  aUo  iitti 
intestinal  putrefaction. 

'For    trutancc,    tJphreicKt    looj    and    lyuj. 
Study    Materia    Mcdicft   L.c45on   44. 
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CHAPTER  XXVL 

REMOTE  (ION)  ACTIONS  OF  ACIDS  AND 
ALKALIES. 


(A)  ACTIONS  COMMON  TO  BOTH. 


foui 


1.  Fourfold  Action — Acids  and   Alkalies  exert   a 
fold  action : 

1.  By  virtue  of  their  chcmic  character,  they  produce, 
when  fairly  concentrated,  profound  changes  in  the  body 
constituents,  dead  or  living,  and  lead  to  destruction  oi 
tissue. 

2.  When  dihite.  they  have  an  extensive  and  peculiar  ion 
action  upon  the  hving  protoplasm,  due  to  the  H  and  OH 
ions. 

3.  Like  all  nther  soluble  and  absorbable  substances,  they 
produce  osmotic  changes,  and  exert  the  ordinary  salt  action. 

4.  By  influencing  the  action  of  ferments  and  the  solubil- 
ity of  substances,  they  modify  the  processes  of  digestion  and 
absorption. 

The  first,  the  purely  cheniic  action,  overshadows  all  others 
when  strong  solutions  are  applied.  Tt  will  he  studied  in  con- 
nection with  corrosives  in  Chapter  XXVTIT. 

The  ion  actions  proper,  the  salt  actions,  and  the  effects 
upon  digestion  are  most  pronounced  in  dilute  solutions,  and 
these  will  be  discussed  in  the  present  chapter. 

2.  Pate  in  Body. —  Neither  acids  nor  alkalies  are  ab- 
sorbed unchanged  from  the  alimentary  canal.  The  alkalies 
(including  the  carbonates)  are  ncntralizcd  by  the  HCl  of 
the  gastric  juice.  Or  if  given  in  larger  amonnls.  they  enter 
into  loose  alkali-/»r^/r/(i  combiuatious  before  they  reach  the 
"bicKKl.  The  aci(ls  undergo  a  similar  change,  (tr  if  lliey  are 
xot  entirely  absf)rl>e(l  before  entering  the  intestine,  they  are 
there  neutralized  by  the  carbonates.  The  immediate  effects, 
"then,  woukl  consist  only  in  altering  the  reaction  *>f  the  ali- 
»7ientary  canal,  and  in  a  certain  amount  of  salt  action. 

'owever,  there  are  other  changes  —  more  remote,  but 
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very  important:  The  coiiip<junds  witli  the  proteids  still  i>-ci>s- 
sess  the  character  of  acids  ur  alkalies;  and  even  when  «-h€ 
neutralization  is  effected  by  the  HCl  or  NasCOj,  it  is  ^"^'i- 
dent  that  the  total  amount  of  alkali  in  the  i»dy  must  "ht 
altered,  at  least  temporarily.  But  since  the  organism  is  i 
justed  to  work  at  a  certain  degree  of  alkaline  reaction,  wh. 
cannot  }x  departed  from  without  more  or  less  severe  mcx:i 
fications  in  its  functions,  it  endeavors  to  counteract  tlm^=>i 
changes  in  reaction.  A  regulating  nuchanism  for  this  ^:^c 
ists  in  the  formation  of  ammonia. 

This  is  normally  produced  as  a  precursor  to   urea ;  but  the  dc^ 
to   which   the    final    transformation    takes    place   is   easily   modified 
increasing  ur  diminishing  the  fixed  alkali  of  the  blood.     In  ihc  foi 
case   it   is   more   complete:    whereas   if  acid   is   introduced,   the  ti 
formation  docs  not  take  place,  but  the  ammonia  is  excreted  unalt 
as  a  salt  of  this  acid.     It   \s  therefore  evident  that  acids  aiid  alk; 
must  influence  the  proportion  of  nitrogen  which  is  excreted  as  amrai 
and  as  urea.     It  is  not  inconceivable  that  this  change  introdnces 
modifications  in  the  metabolism,  but  little  is  known  about  this. 

If  the  ammonia  formation  is  not  sufficient  to  cope  witA 
the  excess  of  acid  or  alkali,  another  mechanism  for  the  mairi- 
tenance  of  the  normal  reaction  of  the  organism  exists  in  thK 
rapid  excretion  of  any  excess  by  the  urine,  in  the  form  ^* 
acid  or  basic  salts.  ( Free  acids  or  alkalies  never  exist  •'^ 
the  body  l>eyond  the  alimentary  canal.)  Acids  and  alkali^ 
are  therefore  very  efficient  diuretics. 

On  account  of  these  mechanisms  it  is  possible  to  gi  ^'" 
very  large  amounts  of  acids  or  alkalies  to  animals,  by  tl^ 
mouth,  without  greatly  altering  the  alkalinity  of  the  U^y^  - 


Their    efficiency,    especially     aitainst     acid,     is.     however,    noi    I 
same      for      all      animals,      and      is      conspicuously      more     P<^*' 
in   camivora.   both   as  concerns  the   NH*  and   the  elimination   (SfH'    ^ 
1901 )  —  probably    because    these    are    accustomed     to     inRT<i    1  *i^J, 
tain    amount    of    acid    with    their    fnoH      It    is    absolutely    imp"^'' -"^IJ^ 
to  lower  the  alkalinity  of  the  blood  of  a  dog,  to  such  a  Jegrtr  i^ 
produce    symptoms,    by    introducing    acid    into    the    alinicntar>-  c 
unless  corrosion  be  produced.     But  if  an  acid  or  acid  salt  be  ini< 
into  a  vein,  it   will   cause  very  pronoimced  symptoms  and  the*« 
also  be  produced  in  herbivorous  animals  if  large  quantities  are  p'^7/ 
by  the  mouth.     They  will  result  in  death  even  before  the  reaction  ^ 
the  blood   ha<:   become  neutral      So  that    it   Is   not   strictly   corral  •y 
speak   of   an    "acid   action."   but   rather   of   the   effects   of   diminish^'' 
alkalinity   (Keltncr,  IQ02).  , 

3.  (a)  These  acute  effects  of  add  Injection  —  1   e,,  of  dunim^h^ 

^  Tbr  alkalinity   of   ibe    blood  It   most    convniiefitJy   enbnattd    hr   Ck«  Ch 
whicti  it  carries. 
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alkalinity  of  the  blood' — fall   upon  the  central   nervous  system,  espe- 
cially the  medullary  centers,  and  are  mainly  paralytic.     The  symptoms 
resemble  asphyxia,  and  consist  of  coma,  convulsions,  depressed  respira- 
tion and  fail  of  blood  pressure,  etc.     Death  takes  place  by  respiratory 
paralysis.     These   symptoms  are   at   once   removed — even    in   the   last 
Mages  —  by  injection  uf  NaiCOi   (K.  Walter,  1H77).    This,  as  well  as 
the  fact  that  the  serum  in  acid-poisoning  is  never  saturated  with  COj 
(Loewy  and   Miinrcr,    1901),   shows   that   the  cause  of  the   fatality  of 
diminished  alkalinity  is  not  due  to  the  incapacity  oi  the  blood  to  take 
up  the  COi  formed  in  the  tissues.    The  formation  itself  is  diminished. 
(b>    Diabetic   Coma. —  These    phenomena    bear   the   closest    resem- 
blafKC    to    tho5e    of    diabetic    coma.     Experimental    investigation    has, 
indeed,  shown  that  the  excretion  of  ammonia  in  this  disease  is  always 
markedly  increased,  pointing  to  the  presence  of  an  abnormal  amount  of 
acid   in   the   body.'    This   is  oxybutyric  acid;   according  to  some,   this 
again    is   formed   from   ^-amidubutyric   acid.     As   to   the  origin   of   the 
Jalter.  little  i>  k-nown,  but  it  could  be  derived  from  fats.    The  theory 
lay  near  to   refer  the  phenomena  of  diabetic  coma  to  acid-poisoning. 
V^ptinst    this   ii    was   urged   that   the  amount  of  this  acid  in   the   urine 
-*^fas  insufficient  to  account   for  the  symptoms.     But  plainly,   it  is  not 
■*l»e  excreted    acid,   but   that    retained    in    the    body,    which    would    he 
^•sponsible   for  the  effects :  and  il   is  claimed  that   recent  calculations 
;f-»avc  shown  that   the   alkalinity  of  the  body   is  diminished  to  such  a 
tl^grec  as   to   suffice   for    the  explanation   of  the   symptoms    (Magnus- 

^HThe  rational  treatment,  then,  for  this  condition  would  be  the  ad- 
PPmi^tration  of  alkali  in  sufficient  quantity,  just  as  in  the  case  of  acid- 
^oisonmg  in  the  rabbit  WTien  this  has  been  done  in  the  proper  man- 
»«•»"  the  results  have  been  fairly  satisfactory.  The  principal  difficulty 
las  been  that  a  sufficient  amount  of  alkali  was  not  used.  If  the 
illcali  is  administered  by  the  mouth,  in  the  early  stages  before  coma 
^t^  in.  it  should  be  given  in  a  dose  of  about  40  grams  of  sodium 
^''br^Tutc  a  day:  and  if  coma  has  already  set  in,  the  quantity  should 
^  *oo  or  joo  grams.  Carlsbad  salt  is  also  useful  in  this  connection. 
If  such  large  quantities  of  sodium  carbonate  are  taken,  they  will 
"■^xlucc  a  cathartic  effect.  This  purging  may  not  be  entirely  useless, 
^•*  it  IS  conceivable  that  the  underlying  cause  of  the  diabetes  is  found 
•  toxins  fonnH  in  the  alimentary  canal.  At  all  event?,  plain  purges 
J3'*'*  been  found  useful  in  such  cases,  and  so  has  pilocarpin.  used  on 
'"^theory  that  it  helps  the  elimination  of  the  "toxins."  But  if 
f*tharsi5  occurs  after  sodium  carbonate,  so  much  may  pass  into  the 
Wr*r»i,;  that  it  mav  be  impossible  to  secure  the  absorption  of  a  sufficient 
'  of  alkali.  In  this  case  it  should  be  given  hv  intravenous  in- 
nf  0.^^%   solution  of  the  crystallized  salt.     fHypodermic  injec- 

t'  1^  apt  to  cause  sloughing.") 
t  will  not  do  to  wait  with  the  administration  of  the  alkali  until  the 
?^*  actually  sets  in,  for  it  may  then  be  too  late.  Dial»etic  coma 
'^rs  tti  this  respect  from  the  acid-poisoning  in  the  rabbit.  The 
**in  i!t.  that  in  the  latter  the  diminished  alkalinity  exists  mainly 
*bf  blood,  and  may  he  readily  influenced  by  the  injected  alkali ; 
'^•"fas  in  diabetic  coma  the  acid  is  formed  inside  the  cells,  into 
'*ch  the  alkali  penetrates  with  more  difficulty. 

'  7>*  olkalimity  ef  tUt  htnod,  as  well  w  \\*  CO,,  u  alio  lowrred  hy  pho*- 
J'Jto,  ir«cnic.  tnd  other  metaU.  and  in  diabrtc*  It  i*  increasfd  in  prcffnancy, 
*'*)  by  ij|t«  of  organir  arid.t.  which  may  br  cnntaincrt  in  the  diet. 
.  ■  Il  fntiitf  not  t»c  »upiw%*ed  that  an  incrcaBC  of  ammonia  in  the  urine  nlway* 
'tjtn  an  inerrised  firmaiion  of  acid.  It  may  as  well  be  due  lo  chandci 
itinK     the     ultimate     tteps     in     nitroicenoui     metabolism,     e.  f .,      in     hepatic 
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4*  General  Effect  upon  Metabolitm. —  The  effects  of  Usjfr  cham  ^>itt 

in  the  rraition  of  body  tissut's  must  be  rather  limited,  since  the** *tt 

so  promptly  brought  back  tu  normal.  Whilst  it  cannot  be  dou^B^ed 
that  such  changes  must  have  an  influence  upon  metabolism,  the  na  -^iwt 
of  this,  cannot  be  stated,  because  it  is  complicated  by  Ihe  action^^B  of 
these  substances  on  the  alimentary  canal.  The  latter  is  differen-^^  in 
the  case  of  acids  and  alkalies.  Some  of  the  other  actions  also  rrq  ^^trt 
separate  consideration.  Organic  Acids  and  their  salts-  arc  ra;^ 
burned  to  carbonate  after  their  absorption;  so  that  they  act  as  a^ 
only  in  the  alimentary  canal,  but  as  alkaUes  after  they  arc  absov: — M 
(Buchhcim.  1888). 


ID 
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(B)  EFFECTS  OF  DILUTE  SOLUTIONS  OF  ACIDS  . 

1.  On  the  Alimentary  Canal — (a)  Mouth. —  Acids  h^ve 
a  characteristic  '*  sour  "  taste,  and  are  slightly  astringent  in 
the  mouth.     This  taste  detennines  their  use  as  flavors. 

The  addition  of  acid  also  makes  it  possible  to  take  much  larger  qo 
titles  of  cold  water  than  could  be  taken  without.  They  are  there 
nf  therapeutic  value  in  fcvfrs.  when  one  wishes  to  obtain  at  the 
time  the  refrigerant  action  of  cold  and  the  diuretic  effect  of  I 
quantilie«5  of  fiuid.  They  wften  the  enamel  of  the  teeth,  and  ih 
therefore  be  taken  by  means  of  a  glass  tube.  They  also  rcflexljr 
crease  the  flow  of  saliva,  but  this  is  of  little  practical  importance.  j 

(b)  In  the  stomach  their  importance  lies  in  the  fact  «^*'"^4pB 
pepsin  cannot  act  except  in  the  presence  of  acids.  Wf^*  tIC^ 
any  acid  may  answer  for  this  purpose,  hydrixrhloric  seeni^^  ^^ 
be  the  best,  and  is  most  efficient  in  the  concentration  c?c:«-  "^y 
intr  in  the  gastric  secretion ;  it  also  aids  in  the  solution  of 
ci>jtnerii7'e  tissue  of  meats;  and  it  determines  the  autisc 
ciualities  f)f  gastric  juice.^ 

The   injection   of  dihite   acid    also  increases   the   rac:^^^*^ 
activity  of  the  stomach,  and  the  secretion  of  gastric  jt:*."^ 
Tiie  latter  effect  is  partly  retlcx.  for  it  is  observed  in  l^^^ 
low's  separated  stomach   (  Bickel.   1905). 

(c)  Intestine — Acids   increase  the  flow  of  pancn^^^^^^ 
fuicc. 

Tltis  action  is  perhaps  partly  reflex,  but  it  has  been  shown  (Ba^P*^? 
and   Starling,    1902)    that   the  presence   of  acid   in    thr   jrjunnm    '^""^^ 
to  the  pro<Iuction  of  a  chemic  substance.  *'  secretin,"  the  intrave^^' 
injection  of  which  stimulates  tlie  pancreas  to  increased  secretion 

Tf  free  acid  penetrates  into  the  intestinal  canal  it  act?  ^ 
a  very  powerful  irritant  and  produces  increased  /"rnV  •'"*** 
Acids  given  by  the  mouth,  however,  are  usually  ab^ 

^  Xaccrnt  HC1.  generated  by  admintstrrifiK  xcetyl  chloriH,  u  nid  1^ 
these  qtiaiiliri  in  a  hiehrr  deiErce  (Sninneau,  1901).  The  rcaciton  which 
b:    ciH,O.CI  +  H.0-nn  +  C,H,O,H. 


'^ 
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before  passing  the  pylorvis,  so  that  this  cathartic  action  is 
seen  practically  only  when  acids  are  generated  in  the  intes- 
tine itself.  There  are,  however,  certain  difficultly  soluble 
acifl  salts,  such  as  potassium  bitartrate  (cream  of  tartar), 
which  are  not  dissolved  in  the  stomach,  and  which  may 
therefore  extend  their  acid  action  to  the  intestinal  canal. 
These  acid  salts  are  more  strongly  cathartic  than  ordinary 
salts  under  the  same  conditions. 

The  presence  of  free  acid  in  the  duodenum  causes  closure 
of  the  pylorus,  and  thus  opposes  the  expulsion  of  the  gas- 
tric contents. 

2.  On  TJrine. —  Acids  are  markedly  diuretic ;  this  is  in 
part  a  salt  action,  in  part  thie  to  the  H  ion.  The  urine  will 
become  more  acid  (due  to  acid  salts,  not  to  free  acids)." 
This  leads  to  an  increased  irritability  of  the  mucous  mem- 
branes of  the  urinary  passages,  so  that  inorganic  acids  are 
to  be  avoided  in  all  inflammatory  conditions  of  these  organs. 
They  must  also  be  avoided  where  there  is  a  tendency  to 
the  formation  of  uric  acid  calcitH.  On  the  other  hand,  they 
are  indicated  with  phosphatic  calculi.  It  may  be  repeated 
that  they  increase  the  ammonia  of  the  urine  at  the  expense 
of  the  urea. 


I 


3.  Effects  upon  Metabolism.— Outside  of  this  change  in  ihc  ratio 
of  aTTimonia  and  urea,  these  are  quite  small,  as  far  as  our  present 
means  allow  us  to  judge.  The  excretion  of  nitrogen  seems  to  he 
jjretty  constantly  slightly  increased. 

Applied  directly  to  excised  or^cms, —  muscle,  nerve,  etc., —  the  result 
S-i  an  increase  and  subsequent  diminution  of  function. 

4.  Therapeutic  Uaes  of  Dilute  Acids Their  importance 

^MS>  flavors  and  for  the  introduction  of  cold  liquids  —  the  lat- 
-t"*r  preferably  as  lemonade  —  has  received  mention. 

The  diuretic  action  cannot  be  utilized,  since  they  are  too 
i  j-ritant. 

They  arc  extremely  useful  in  cases  of  dyspepsia  in  which 
a.n  insufficient  amount  of  acid  is  secreted.  Hydrochloric 
an<:3  nitro-hydrochloric  acids  are  preferred  for  this  purpose. 
ar»<rl  these  act  best  when  combined  with  bitters.  They  would 
t>o  crnntraindicated  in  catarrhal  conditions,  in  which  there  is 
a  1^  ^'persecretion  of  mucus.  Even  in  normal  individuals  the 
pr<z>longe<l  administration  of  larj^e  quantities  of  actds  is  apt 
to  -prove  too  irritant,  and  interferes  with  <lij;jestion.  This  is 
iHe?     explanation  of  the  popular  use  of  vinegar  to  reduce 

*  I>unlop,    1896. 
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obesity.  A  direct  limitation  of  diet  would  seem  a  niczz^Te 
rational  means  for  tliis  purpose. 

The  increased  flow  of  pancreatic  juice,  and  perhaps  a.  "■  ^> 
of  bile,  which  has  l>een  ascribed  to  acids,  is  probably  t:«-"^>o 
small  to  be  of  any  value. 

The  increase  of  peristalsis  produced  by  acid  salts  is  *^' 
considerable  importance.  It  may  be  obtained  by  cream  «=^^ 
tartar.  This  has  the  advantage  over  the  ordinary  cathart  »<^ 
in  that  smaller  dttses  suffice,  nor  is  its  taste  as  disaf^ceal":>1  «• 

Their  use  in  fez'ers  depends  partly  up*jn  the  iliuresLS  :a.  *  i*l 
diaphoresis  due  to  tlie  increased  intrrwiuction  of  liqitid.  y 

is  also  claimed  tliat  the  alkalinity  of  the  tissues  is  raisecS.  i^ 
febrile  conditions,  and  that  this  is  counteracterl  by  ac-i  ^:i^ 
Phosphoric  acid  in  large  doses  (  lo  Gm.  diluted  with  300  (=:  —  c- 
water)  is  said  to  depress  the  heart  and  slow  the  pulse,  t-»"^ 
would  have  no  advantage  over  aconite  for  this  purpose. 

5.  Materia  Uedica  of  Acida. — 

(A>  Summary. 

The  stnalt  letters  following  the  name  of  the  acid  refer  to  the  f__M.    »<'.'^ 

detailed  description  (pp.  5*^  to  59^).     The  numbers  refer  to  the  *— ^  "" 

description  of  tlic  acids,  given  on  page  588' 

Acids  may  be  divided  into  inorganic  and  organic. 

Tlic  inorganic  acids,  again,  into   liydracids,  containing  the  elcmci.    ^  "^  •" 

combination   with   hydrogen 
I  Oxyacids.  containing  oxygen, 

I  Anhydrids.    which    vield    Inie       .^^fc-od* 

I  only  after  taWing  up  HtO. 

TABLE  Xni.— IMPORTANT  INORGANIC  ACIDS. 
I.  Inorganic.     (These  arc  all  soluble  in  water  or  alcohol.) 
I  B.P.  V.  S.  F 

I  PerCt  of    PerCl  of  c««r^,iSf 

I  Pure  Acid   Pure  Acid  r-V^*7>» 

■  by  Wglit.  by  Wgbt  ^  "' 

Acidum  Hydrochloricum     (a),    HCI 

(2.4)  (sec  below) 31.79  J»-9  '-'-^ 

^  Ai'idum  Hydrochloricum      Dilutum 

rs     (J.  4) 10^58  10.0        1^ 

c  Aridum      HYdrocvanicum      Dilulumt 

•^       HCN    (t.  4> »•«>  2.0 

^  Acidum      Ifvdrohromicum      Dihtutn 

^       (b).  HRr'd,  3.  4> «0.oo  10.0  '^ 

Acidufn    Hvdriodicum    Dilulum,    HI 

(c)    (i.  4) ; too 

Syrupn*;  .\cidi   Hydriodici.  ....  t.o 

Acidum  Hvdrosulfihuricum.   H;S    (l, 

4)    * •. 

*  T))r  fetrone   mtnrral  acitU  arr  tncomnatihle  with   ortranic  sutKtmcef  m4  **^ 
cftch  other.     All   acids  irc   tncompalibic  with  carbonslcfc 
and   snlpbites,   ulJcyUtca,    bcnxoaim,    huratct,  etc. 


ACIDS.  5?^ 

B.P.  U.  S.  P. 

Per  Ct.  of  Per  Ct.of  c„  -f:. 
Pure  Acid  Pure  Acid  rfJ^^Hl 
by  Wght.  by  Wglit,      ^f^v'*> 

Acidum  Nitricum  (d),  HNO,  {j,  4)-         70.00  68.0  1.403 

Acidum  Nitricum  DHulum   (3,4)...  1744  10.0  I.054 

Acidum      Xitrohydrochhricum       (e) 

(2)   , : 

Acidum    Nitrohydrochloricum    Dilu- 

tum    (3,  4) 

Acidum    Phosphoricu m     ( f ) .    HiPO* 

(2,4)    (Concciitratum.  B.P.) 66.30  85.0  I.707 

Acidum    Pfuisphoricuin    Dilutum    (3, 

4    4) 1380        10.0       1,057 

'C  Acidum  Sulphuricum  (g),  HaSO*  (2, 

E.     4)   98.00         >92.5        >i.826 

JS*   Acidum    Sulphuricum    Dilutum     (3, 

^      4)   13.65  100  1.067 

Acidum      Suiphuricum     Aromaticum 

(3)    1380  20.0  0.933 

Acidum  Hypophosphorosum.  HPHiO* 

(1.4) 30.0  1.130 

Acidum  Hypophosphorosum  Dilutum, 

HPH-O,   (I,  3.  4) lao  1.042 

Acidum  Boricum,  H.BO,  (i,  S) •  ••  •  

Arseni  Triojridum  =  Acidum  Arscno- 
^      sum.  AssOi   (1.5) ....  ....  .... 

'C  Chromii  Trioxidum'=  Acidum  Chro- 
\      micum     (h),    CrO.     (2)     (Yellow 

•J      solid) 

■^  Acidum  Sulphurosum  (i)  SOi  (1,4).  >6.0        >i.038 

II.  Organic  Acids. 

Those  of  the  Fatty  Scries  are  alone  available  for  their  acid  char- 
acter. (It  will  be  recalled  that  this  exists  only  localJy,  but  disappears 
"n  their  absorption.  They  arc  all  soluble  in  water,  with  the  exception 
of  Oleic  and  Stearic  Acids.) 

(A)    Acids  of  the  Fatty  ^rnVj.— The  official   acids  belong  to  the 
jollowing  chemic  grovips: 

I.  Monobasic  Acids.  CnH;n  -f*  ,COjH. 

Acidum    Aiclicum    (k).    HCH-iO,    (U.S.P..    36%:    Sp.    G., 

1.045)    (2,  4>   IBP..  33%1. 
Acidum    Accticum    Dilutum    (U.S.P.,    6%;    Sp.    C,    1.009) 

(3.  4)    [H-P..  4-27%]. 
Acidum  Accticum  GUiciale,  >g9%    (2,  4)    (U.  S.  P..  B.  P.); 

Sp.  G..<   1.049. 
Acidum  Trichioruccticum.  HC.CI,0,  (2,  s)   (U.S.P,)   (k.). 
•Acidum   Fnrmicum    (I).   HCOiH. 

Acidum  Slcaricum   (ml,  HCi.H»0,  (i,  2,  5)   (U.S.P.). 
^.  Dibasic  Acids.  CnH.n(COjH).. 

Acidum  Oxalicum   (11).  H..C,0.  +  2H,0  (1,  s). 

•  Not   officbl. 

Sludy   Materia  Medica   Ixuon   45. 
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J.  Oxy4twnobasic  Acids,  CnHrfi(COJ^)  (OH). 

Aiidum  LacticutH  (o),  HC»H»Oi.  75*^   O,  4)   (U.S.P^  R^ 

4.  Diojrydibasic  Adds,  CnHiii  — ,(CO,H),(OH)^ 

Acidum  Tartaricum,  H^CH^O.  (5)   {U.S.P.,  B.P.)   (t). 

5.  Oxytribiisxc  Acids.  CiiH.n  — ,(CO,H),OH. 

Acidum  Citricum  (p),  HX«H.6, -r  H,0  (5)    (U.S.P,.  B. 

6.  Monobasic  Acrylic  Acids.  CnH.n  — .(CO,H). 

Acidum  OUicum   (q),  HCi.H«,0»  (1,  2).     Brownish  Li-- 
(U.S.P..  B.P  ). 
(B)  The  Acids  of  the  Aromatic  Serits  arc  never  used  for  their 
character. 

111.  Acid  Salts. 

Pntassii  Hit ar Iras,— Cream   of  Tor/ar.— KHC.H^O*.     Soluble  tr» 
parts  of  water.     Dose:  Diuretic,  i  to  3  Gm.   (15  to  ^5  RTams)   (a 
=  30  grs..  U.  S.  P.)  ;  purgative,  4  to  15  Gm.  (H  to  y,  ounce). 


Brief  Description: 

(1)  Not  used  therapeutically  as  acids. 

(2)  Ustd  only  externally. 

(3)  Dose:  o.i  to  I  c.c.  (1  to  15  minims),    Diluted  in  half  a  tuTiiW<r 
of  water,  best  taken  through  a  glass  tube. 

(4)  Colorless  liquid. 

(5)  Colorless  or  white  solid. 

(6)  All  the  U.  S.  P.  dilute  acids  contain  10%,  with  the  exception  <d 
Acetice  (6%),  and  Hydrocyanic  (j%). 


(B)  Details. 

fa)  Acidum  Ilydrochloricutn  (Murintic  .\cid)  ;  Prepared  by  hratin? 
NaCl  and  H^SO*  and  dissolving  ihe  gaseous  \\C\  ibu*  formed  in  r-»ter 
The  crude  acid  is  obtained  as  a  by-product  in  chcmic  industry,  TVe 
strong  acid  gives  fumes  when  brought  near  ammonia,  or  even  m  Ac 
air,  due  to  the  formation  of  NH«C1. 

The  commerciat  acid  ( strength  =  .y)%  to  33%)  has  a  golden  yeflc* 
color  due  to  Fe  and  free  CI.  Since  it  often  contains  As.  it  shotOd  B* 
be  used  in  internal  medicine. 

(h) Acidum     Hydrobronticum    Ditutum:      Prepared    hy    decoroposm? 
RaBr*   with   HjSOi,     It  has  been   u^^ed   a^  a    ncr\'Ou'i   sedative,  bat  rtij 
usefulness  as  compared  with  potassium  bromid  is  more  than  dotibtlui 
The  acid  sometimes  ac(|uires  a  yellow  color,  due  to  the  liberation 
Br.     It  should  not  be  employed  in  thi«  condition. 

(c) Acidum  Hydnodicum:    On  account  of  its  ready  decomposition 
(he  free  air.  this  acid  i?  generally  in  the  form  of  Syrtipus  Acidi  Hyi* 
did.     This  is  made  by  dccompoMug  KI  with  Tartaric  Acid.     T1  ■ 
ing  qualities  are  improved  by  the  addition  nf  Potassium  Hypo^  > 
The    syrup   keeps   better    ;n   direct    sunlight.     It    is   u«ed    fer    si 
rather  than  for  itis  acid  qualities. 

(d)    Acidum  Nitricum:     Made  by  decom|>osing   NaXO.  Uy    \\ 
and  di-itilling  the  product. 

The  official  cncentratcd  acid  is  colorless,  emits  fumes  of  hyi 
acid   when  exposed  to  air,  and  acquires  a  yellow  color,     li   stai 
panic  matter  yellow;  this  is  changed  to  orange  by  alkalies. 

Imprirtant  are  also: 

*  .Acidum    Nitricum    Tfchnicum:     Commercial    Nitric    Aci- 
fortis).  60%  to  64%. 
*  Not  official. 
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/Icidum  Nitricum  fumans:  Almost  absolute  HNOa  saturated  with 
NO.. 

The  concentrated  acid  is  used  as  a  caustic  (glass  rod)  :  against  hyper- 
hydrosis  of  feet  (i  to  2  oz,  to  pail  of  water)  :  as  disinfectant  (will  cor- 
rode metal  vessels  or  pipes). 

(e)  Acidum  Nitrohydrochloricum  (Nitromuriaticum)  (U.S. P.,  B.P.) 
(Aqua   Regia):     Made  by  mixing   i   volimie  concentrated   HKOi  with 

4.5  volumes  HCl  in  an  open  vessel  and  allowing  the  mixture  to  cffer- 
scc-     The  composition    is    somewhat   variable,   but    the   final   product 

ooniatns  NOCl  and  Ch  besides  the  two  original  acids.     It  is  therefore 

a  very  powerful  solvent  and  oxidi/.er. 

The  dilute  acid  is  made  by  diluting  the  above  with  jj-^  volumes  of 

water.     That  of   the   British    Pliarmacopnria  is   somewhat   more  dilute. 

On  account  of  the  free  cblorin,  it  may  be  supposed  to  have  a  stronger 

local  irritant  action  than  HCI.     It  is  popularly  supposed  to  "stimulate 

the   liver."   but  its  action  does   not  differ  in   kind   from  that  of  other 

acids. 

(f)  Aridum  Phosjtkoricum:  Phosphoric  Anhydrid  (PjO«)  forms 
three  acids: 

P,0»+    H*0  =  H,PjO.  =  2(HPO,)  =  Mctaphosphoric  Acid. 
P=0»  +  2H*0  =  H,P,0i  =  Pyrophnsphoric    Acid. 

P,Ot-h3H,0  =  H«PiO.  =  2(H*PO.)  =Orthophosphoric  Acid. 

The  last  is  the  one  officipl.     It  forms  three  series  of  salts;  thus, 
NaH:PO,.  acid  sodium  phosphate. 
Na«HPO«,  neutral  sodium  phosphate. 
Na4pOi,      basic   sodium  phosphate. 

It  is  prepared  by  burning  phosphorus,  dissolving  the  oxids  in  water, 
and  completing  the  oxidation  with  HNO». 

Phosphoric  acid  i*;  said  to  he  less  detrimental  to  digestion  than  other 
acids;  the  evidence  for  this  statement  is  rather  weak. 

(r)  Acidum  Sulphuncum: 

prcparatutn  —  The  commt-rcial  ("English")  Sulphuric  Acid  is  made 
on  a  large  scale  by  burning  pyrites  (impure  iron  sulphid)  or  native 
sulphur.  The  SOi  is  oxidized  by  means  of  nitrous  fumes  produced  by 
the  action  of  concentrated  H>SO*  on  Chili  saltpeter  (NaNOiK  The 
product  is  condensed  in  a  system  of  leaden  chambers  in  the  presence 
of  sieam,  and  concentrated  first  m  leaden  pans  and  then  distilled  from 
gl.TSs  or  platinum  retorts.  ' 

Characiers. —  The  official  acid  is  an  oily,  colorless  liquid,  acquiring  a 
brown   color   if  exposed    to   dust.     Very   intensely   corrosive,   charring 

ganic  substances.     Miscibic  in  all  proportions  with  water  or  alcohol, 

ith   the  evolution  of  much  heal.     (Such  mixing  must  be  done  very 

uliously  by  slowly  pouring  the  acid  into  the  ttvtcr.  under  constant 
Mitring.)  It  has  a  specific  gravity  of  1.835.  and  boils  at  338°  C,  dis- 
tilling without  decomposition. 

Ifjrs  and  Dose. —  As  other  inorganic  acids.  Very  frequently  used 
for  the  liberation  of  gases  (SOi,  HiS,  etc.),  for  which  purposes  it  is 
bc*^l  diluted  with  4  volumes  of  water.  It  is  also  used  for  filling  the 
porous  Clip  in  Daniel  batteries   (diluted  with  8  volumes  of  water). 

The  *  Commcrciat  Sulphuric  Acid  (Oil  of  Vitriol)  is  very  apt  to 
contain  arsenic,  and  should  not  be  employed  in  medicine. 

Aromatic  Sulphuric  Acid  is  a  mixture  of  H:SO,  and  alcohol,  con- 
taining cthyl-suiphuric  acid.  It  is  doubtful  whetlicr  it  possesses  any 
advantaKc  over  other  acids. 

<h)  Chromii  Trioxidum  fU.  S.  P.). —  Acid  Chromicum:  Chromic 
Acid.  Chromic  Anhydrid.  CrOj.  Made  by  de(^mposing  Potassium 
*  Not   pfficul. 
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Bichromate  with   Sulphuric   Acid  and   cryjstaltizing:     K*Cr,OT -f- H,^^  ^C). 
—  KaSO.  -f  H«0  +  jCrOi.     Very    soluble    in    water;    decompose 
nrganic  liquids,  often  with  explosion.     Melts  at  192"  C.     Used  only  ^ez 
ternally  as  ati  astringent  irritant   (1%  m  15%),  or  concentrated  x^^ 
caustic.     Also  used  against  sweating  feet   t5%  solution). 

(i)  Acidum  Sutphurosum:  Sulphurous  Acid.  A  solution  contA.  ' 
ing  at  least  6.0%  of  Sulphur  Dioxid   (SOtJ. 

Preparation. —  Sulphuric  Acid  is  made  to  act  upon  charcoal,  and  "« 
50a  is  dissolved  in  water.  (For  small  quantities,  extemporaneous^ 
it  suffices  to  act  on  NajSOi  with  H;SO«.) 

It  must  be  kept  in  small  glass-stoppered  amber-colored  bottles. 

Character. —  Colorless  liquid  of  characteristic  odor. 

Uses. —  As    antiseptic    in    skin    and    parasitic    disease,    etc.    AgaL 
gastric  fermentation   i  c.  c.  (15  1^),  diluted. 

SOi,  generated   by   the  combustion   of  fulphur,  is   a   favorite   dts 
fectant  for  rooms. 

*  Acidum  Oswicum:  OsO*.  Used  only  in  histology  for  fixing 
sues. 

(k)    Aridum   /tcelicuni:     Acetic   Acid.     C,H»OiH. 

Acid.  Acetic.  Glaciate:  Glacial  Acetic  Acid.  Nearly  or  quite  ^^^-^ 
solute  Acetic  Acid.     Congeals  at  somewhat  below   15**   C- 

Acidum  Aceticum:  Acetic  Acid,  of  a  strength  01  ^t%  by  weitfg  "^li 
This  corresponds  approximately  to  the  No.  8  acid  of  commerce. 

Acid,  Acetic.  Dtl.:  Dilute  Acetic  .Acid.  Made  by  mixing  100  C_^  "■"■ 
of  .Acetic   Acid    with   500  Gm.   of  distilled   water.     It  contams  6%  ^ 

weight. 

*  Aceium:  Vinegar.  A  dilute  impure  acetic  acid,  of  a  tttrengttm  *' 
6%,  obtained  by  the  fermentation  of  vinous  liquors.  That  madf  */ 
the  **  rapid  process"  from  dilute  alcohol  is  the  one  preferred  in  rr^^^^- 
ical  practice,  but  those  obtained  from  wine,  cider,  etc..  are  also  <r'»"'»* 
ployed  for  domestic  use  Vinegar  serves  the  <iamc  purposes  a.i  dil**^ 
acelic  acid,  but  is  inferior  to  it  in  keeping  qualities. 

*  Acetum  Fyrotignosum:  Pyroligneous  Acid.  Wood- vinegar, 
product  of  the  destructive  distillation  of  wood,  containing  5%  to 
Acetic  Acid,  some  Methyl-alcohol,  Acetone,  and  Tar. 

Used  externally  to  combine  the  effects  of  acelic  acid  and  tar. 

Preparation  of  pure  Acetic  Add:    Distillation  of  Sod.  Acetate 
Sulphuric  .Acid. 

Preparations. —  Besides  those  mentioned  above,  dilute  Acetic  Aci*'     '* 
used  as  a  solvent  in  the  class  of  aceta.  ^^ 

Tlic  dilute  Acetic  Acid  is  also  often  flavored  with  aromatics  (A^^* 
Acet.  Aromat.,  Ph.  G.). 

Dose: 

Internally,  Ac.  Acet.  Dil.:  5  to  to  c.  c.  (5j  to  iiss). 
Externally  and  for  gargles,  dilute  1  :6  (:=i%). 
Against  corns.  .16%. 
In  proportion  of  1%  h  frsquent  addition  to  hair  washes. 

Acidum  Trichioraceticum:  CsCUOsH.  Prepared  through  oxiiW''* 
of  chloral.  Used  in  substance  or  strong  solution  as  a  caustic:  '*^ 
cially  against  warts;  it  is  less  painful  than  nitric  acid.  Very  tohst^ 
in  water,  alcohol,  and  ether. 

i\)    •  Acidum  Formicum:     Formic  Acid.  HCO-H. 

Formic  acid,  as  official  in  Germany  and  Switjerlnnd,  contain «^^ 
of  the  absolute  acid.    It  is  prepared  by  the  action  of  oxalic  acid  <« 

glycerin. 

•  Not  official. 
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used  only  externally  as  a  counterirritant  in  ihe  form  of 
*  Spiritus  Formicarvun : 

{Formic  Acid,  2$% 2 
Alcohol  35 
Walcr    13 

(Formerly  prepared  by  macerating  ants  in  alcohol.) 
Acidum  Steancum:     Stearic  Acid.  CifcH-Oa  (U.S.  P.). 
oration. —  The  ofiidal  acid  is   the  ordinary  more  or  less  impure 
iTcial    form,   obtained    by   the   decomposition   of    fats,    especially 
I  with  acid,  cither  directly  or  after  previous  saponification,  and 
ting  the  more  liquid  portion   (Oleic  Acid)   by  expression. 
[  solid  product  contains,  besides  stearic,  also  palmitic  and  other 
f  fatty  acids 

Hcters.—  A  hard,  white,  odorless  and  tasteless  solid,  soluble  in 
I  and  more  readily  in  ether,  melting  at  a  temperature  not  lower 

»•  C 

I. —  To  give  consistency  to  salves  and  cerates. 

[•Acidum   Oxahcum:    Oxalic  .\cid.  OJ4/)*  +  2H^. 

foration. —  (0)    By   the   action   of   HNC)»  on   sugar  or  starch,  or 

hr   fusing   sawdust    with    a   mixture   of   KOH  and    NaOH.     For 

pial  use  it  is  purified  by  recrysiallization. 

factcrs. —  Small,  colorless  and  odorless,  very  acid  crystals.     Sol- 

b  10  parts  water  or  2.5  parts  alcohol.     It  is  bibasic. 

t—  Acts  as  a  caustic,  but  should  not  be  used,  on  account  of  its 

hction  after  absorption.     It  is  mainly   of  importance  on   account 

^l*>xicoIogy.  having  often  been  taken  in  mistake  for  MgSC,  etc 

tkemic  antidotes  are  lime-preparations  (chalk). 

I  Acidum  Lacticum:     Lactic  Acid.  HCiHsO*.     75%. 

farations.^  Invert  sugar  is  subjected  to  lactic  fermentation  in 
sence  of  zinc  oxid.  The  zinc  lactate  thus  formed  is  decom- 
y  HaS,  and  the  filtered  solution  is  evaporated  to  the  required 

cters. —  Syrupy,    intensely    acid,   colorless,   and   odorless   liquid. 

with  water,  alcohol,  or  ether. 
—  Caustic,    especially    for    dissolving    diphtheritic    membranes 

There  are  no  indications  for  its  use  internally. 
Acidum  Citrii-uMi:     Citric  Acid,   H.CaHAOr  +  H:0   (tribasic). 
Acid   i^  widely  distributed  ihrnnghout  the  vcgetalile  kingdom, 
g  either   free  or   combined   with   K,   Ca.  or   Mg.     It  exists   in 
quantity  in  acid  fruits  nf  all  kinds,  usually  along  with  Malonic 
rtaric  and  other  vegetable  acids. 
Ion    juice    is    allowed    to    ferment,    during    which    process    the 
n  matter  precipitates.     The  proteids  arc  removed  by  boiling,  and 
flcred   juice    is   treated   with   chalk.     The   calcium    citrate    is   de- 
fied  by   HjSO*.   and   the   citric   acid   separated   by   crystallization. 
I  crystals.     Soluble  in  0.54  water,  1  55  alcohol, 
itm  juice  contains  6%  to  H%  of  the  acids. 
Tgc  lemon  contains  almnt  4  Cm. 
:  1000  solution   makes  the  ordinar>'   lemonade. 
Bmally  it  has  been  used  in  10%  to  20%  solution  to  dissolve  diph- 
E  membranes 

important  use  is  against  scurvy. 

Ipus  Acidi  Citn'ct.  t%.     Posr'  s  to  20  c. c.    (3j  to  iv). 
)ahndus    (V  S.  P.,    R  P.),    Tamarind. —  The    preserved   pulp    of 
itit  of  T    Indtca,  Leguminosae;   India,   Africa,  and   West  Indies. 
►wes  its  activity  to  organic  acids,  especially  citric.     It  is  used  as 
tive.  in  doses  of  4  to  30  Cm.   (t  to  8  drachms). 

•  Kot  official. 
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(q)   Acidum  Oieicum:     Oleic  Acid,  CuHhOi. 

Preparation. —  An  impure  acid  made  by  separating  the  liquid  portion 
of  the  commercial  acid  after  cooling  to  5*  C.  This  commercial  acid  is 
obtained  as  a  by-product  in  the  manufacture  of  stearin  candles. 

Characters. —  A  yellowish  oily  liquid,  of  a  lard-Iikc  odor  and  taste; 
specific  gravity,  0.895 ;  insoluble  in  water,  soluble  in  alcohol,  ctbcr,  and 
solvents  of  fats ;  becomes  semi-solid  at  4^*  C. 

Uses. —  Pharniaceuiically  in  the  preparation  of  the  olcates  (sec  page 
60)  ;  also  in  plasters  and  soaps. 

(r)  Acidum  Tartancum  {U.S.?.,  B.  P..)  :  H.OH.O-  Crystals  or 
white  powder,  usually  prepared  from  argol.  Soluble  m  071  water. 
1.67  alcohol.  Dose:  0.3  to  13  Gm.  {$  to  20  grs.)  (,0.5  Gm.  =  7i/i  gr»., 
U.S.?.). 

(C)  EFFECTS  OF  DILUTE  ALIC'\LIES.» 

L  On   the   Alimentary    Canal (a)    Soluble    Alkalies. — 

By  virtue  of  their  salt  action  and  their  chemic  nature,  alka- 
lies will  produce  an  irritathm  of  tlie  mucous  membrane  of 
the  stomach.  Tlieir  local  action  cannot  extend  beyond  this 
organ,  since  they  are  neutralized.  This  irritation  will  be 
stronfjer  or  milder  —  an<I  acc<irdmgly  harmful  or  useful  — 
accorfiing  to  the  concentration  of  the  alkali  and  the  amount 
introduced.  A  mild  degree  of  irritation  leads  to  a  more 
efficient  absorption,  as  in  the  case  of  plain  salt  action.  The 
pnxess  of  absorption  will,  in  addition,  be  favored  by  a  solu- 
tion of  the  mucus  which  forms  a  lining  to  the  walls  of  the 
viscus  —  mucin  being  more  soluble  in  alkalies.  The  aclivit)* 
of  the  pK'psin  of  the  gastric  juice  will  be  reduced  by  them. 

There  has  been  considerable  discussion  as  to  the  effect  of 
alkalies  on  the  secretion  of  gastric  juice.  It  was  formerly 
clainietl  that  this  is  stimulated:  but  all  of  the  later  experi- 
ments indicate  that  i^t  is  rather  cliininisheil  (  Bickel,  1905). 

(b)  On  the  Intestine. —  On  the  other  hand.  the>-  will  re- 
duce the  acidity  of  the  cliyme»  and  thus  increase  the  alka- 
linity of  the  intestine,  even  if  they  are  themselves  neutral- 
ized and  absorbed  before  reaching  the  duodenum.  In  this 
way  tfiey  may  favor  the  emulsification  of  fats,  and  the  action 
of  the  pancrcaiic  ferments  if  there  is  not  sufficient  alkali  in 
the  intestine.  The  itisoluhle  alkalies  —  calcium  carbonate 
— ■  would  liave  less  action  in  the  stomach  and  more  in  the 
intestine,  .\lkalies  do  not  affect  the  secretion  of  bile  (  Ruth- 
erford, 1879). 

<c)  It  is  evident  that  these  effects  would  offer  no  aditintage  »• 
normal  conditions.  Experiments  show  that  whilst  small  do<;r«  of 
allulics   have    no   effect    upon    the   utilization   of  food,   large   amount* 
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sscn  it.  It  is  to  b«  presumed  that  the  normal  amount  of  mucous 
coflting  in  the  stomach  supplies  a  needed  protection;  the  neutralization 
of  the  HC!  would  practically  end  gastric  digestion;  and  the  normal 
acidity  of  the  chyme  is  not  sufficient  to  interfere  with  intestinal  di- 
gestion, and  indeed  supplies  a  useful  stimulus  to  the  secretion  of 
pancreatic  juice.  The  neutralization  of  the  gastric  juice  also  destroys 
its  bactericidal  action.  ( Indoxyl  may  be  caused  to  appear  in  large 
(quantities  in  the  urine  of  a  normal  individual  by  a  liberal  administra* 
tion  of  chalk.) 

(d)  But  the  facts  are  very  different  in  pathologic  conditions;  i.  e., 
when  there  is  a  hypersecretion  of  mucus  —  as  in  gastric  catarrh — or 
a  hyperacidity  as  the  result  of  ferment^ition.  The  former  may  line 
the  gastric  wall  with  a  coating  alike  impermeable  to  the  digestive 
secretions  and  products,  and  this  tlie  alkali  will  remove;  whilst  too 
great  a  percentage  of  free  acid  will  cause  severe  and  harmful  irrita- 
tion and  interference  with   the  action  of  ferments. 

2.  Effects   upon   the   Secretion   of   Urine Tlie    secretion 

of  uritic  is  increased  by  all  alkalies.  This  is  due  partly  to 
the  salt  action,  which  is  especially  large  since  the  alkalies 
possess  a  conspicuous  penetrating  power.  In  addition,  one 
must  also  assume  an  ion  irritation. 

Precisely  the  same  efifect  can  be  secured  by  the  adminis- 
tration of  salts  of  the  organic  acids,  especially  citrates  or 
acetates,  and  this  without  causing  any  gastric  disturbance, 
which  latter  may  interfere  with  the  administration  of  alka- 
lies. The  acetates  are  preferred,  since  they  are  the  least 
cathartic  of  these  organic  salts. 

The  diuresis  also  increases  the  absolute  amount  of  all  salts 
excreted,  although  their  percentage  is,  of  course,  lessened. 
The  alkalinity  of  the  urine  is  increased  by  an  excess  of  basic 
salts.  The  urine  is,  in  consequence,  less  irritating  to  the 
mucous  membranes  with  which  it  comes  in  contact,  and,  at 
the  same  time,  it  \s  mildly  stimulant. 

To  secure  this  alkalinity  7  Cim.  of  sodium  carbonate  or 
15  Gm.  of  sodium  acetate  or  citrate  are  required  per  day. 

3.  Effects  upon  Metabolism —  On  account  of  the  impor- 
tance of  the  alkaline  reaction  of  the  tissues  for  their  func- 
tions, it  might  be  expected  that  any  modification  of  this  alka- 
linity would  profoundly  modify  the  general  metabt>lism. 


It  is  known  that  alkalies  ftrt'or  oxidation;  and  it  has  been  found 
that  ihey  lead  to  an  increased  oxygen  consumption  and  COt  excretion 
(Lehmann.  18R4).  This  effect  is  not,  however,  very  large  — probably 
Iwcausc  the  alterations  in  the  reaction  of  the  body  arc  never  very 
RTcat.  Experiments  made  to  determine  the  effect  on  nitrogen  metabol- 
ism have  given  somewhat  variahle  results,  and  these  were  certainly 
not  greater  than  might  he  expected  from  the  pure  salt  action,  or  from 
the  mterference  with  digestion  which  would  result  from  large  doses. 
t-38 
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(Dosrs  as  large  as  13  Gm.  sodium  carbonate,  ao  Gm.  of  sodium  ki- 
carbonate^  or  40  Gm.  sodium  citrate  do  not  influence  the  total  nitrogen 
excretion.) 

The  proportion  of  the  urea-nitrogen  is  tnereased  al  the  exptmr  '*/ 
the  amitutttia. 

As  to  any  increase  or  decrease  of  unt  acid,  this  has  not  at  the  presenl 
lime  been  sufficiently  demonstrated.  The  effect  upoii  carbon  mtuh- 
olism  is  equally  small  and  uncertain. 

The  benefit  of  citric  acid  in  scun'y  is  purely  an  empirical  result,  ("f 
which  there  is  at  present  no  explanation. 

Increase  of  alkalinity  is  said  to  heighten  the  bactericidal  ^tfofr  rf 
the  scrum  and  tissues. 

4.  Effect  on  Mucus —  Mucin  is  more  soluble  in  alkaline 
media,  so  that  the  alkalies  cIi.ssolvc  any  accumulations  of 
mucus  or  render  them  more  fluid.  At  the  same  time  they 
increase  mucus-secretion  through  an  irritant  and  i»>nacti«i. 

5.  The  application  of  alkalies  to  isolated  organs,  imisclcs, 
nerves,  etc..  usually  results  at  first  in  an  increase  ;nui  then 
in  a  diminution  of  function.  The  addiii<»n  (jf  alkalies  I"  the 
infused  saline  solution  appears  to  aid  in  sustaining  the  Mood 
pressure  after  hemorrliage  (see  paj(c  181). 

6.  Therapeutic    Uses    of    Alkalies. —  (a)    Digestion.— Ifl 
catarrhal   conditions  alkalies   would  be  useful   throu^hnut 
the  alimentary  canal  by  dissolz'ttig  the  mucus  which  Ir^scO* 
the  permeability  of  the  walls  of  these  organs,  preventing  ^ 
once  the  p<niring  out  of  digestive  juices  and  the  absorpti*-*" 
of  the  digestive  products.     It  forms  a  similar  impermeal>* 
coating  about  the  masses  of  foofi.     Further,  the  mere  pr^^ 
ence  of  a  large  amount  of  indigestible  material  —  and  tcn^ 
clous  mucus  must  be  regarded  as  such  —  is  in  itself  \r^^' 
tating. 

In  addition  to  this  solution  of  mucus,  the  alkalies  m 
Ije  useful  in  counteracting  the  irritant  effects  of  exu 
ac'ulity.  The  amount  of  acid  normally  present  in  the 
mentary  canal  must  be  considered  as  the  best  condition 
it,  and  varies  quite  widely  in  different  individuals.  A  sli 
temporary  increase  in  this  is  of  no  importance,  and  is  n? 
up  by  the  proteids  of  the  food.  But  if  the  acidit>',  es 
cially  of  the  intestine,  is  kept  permanently  high,  a  chnf 
irritation  is  set  up.  and  leads  to  ^astrohitcstinal  cat 
Such  a  permanent  increase  of  the  acidity  may  be  cau 
acid  articles  of  diet  —  e,  g.,  sour  wines;  etc. —  or  it 
the  result  of  fermentative  processes.  A  rather  rapid  font**' 
tion  of  acids  is  partly  responsible  for  the  summer  dieff^ 
of  infants. 
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When  the  acid  is  introduced  from  without,  the  i>rincipal 
indication  is.  of  course,  to  put  a  stop  lo  its  introduction;  if 
it  is  fomied  in  tiie  intestine,  to  neutralize  the  already- formed 
acid  and  to  remove  the  means  of  its  formation,  so  as  to  pre- 
vent its  recurrence. 

If  the  hyperacidity  is  in  the  stojttach.  it  may  be  neutral- 
ized by  any  (.>f  the  sohible  alkahes.  sodium  bicarbonate  being 
the  most  useful.  If  it  is  in  the  intestine,  the  soluble  alkalies 
will  not  ])€  advisable,  because  they  are  netitralized  or  ab- 
sorbed befL»re  reaching  the  place  where  their  action  is  de- 
sired. In  this  case  the  insokible  alkaline  earths  or  their 
carbonates  or  bismuth  are  given.  If  neutralization  without 
catharsis  is  required,  calcium  salts  in  the  form  of  lime-water, 
chalk,  or  caicium  pliosphate  would  lie  em]>loyed.  If  the 
cathartic  action  is  also  desirable,  magnesium,  as  the  oxid 
or  carbonate,  may  be  used.  Catharsis  may  also  be  obtained 
by  the  addition  of  vegetable  cathartics,  such  as  rhubarb  or 
senna.  A  part  of  tlie  beneficial  action  of  bicarbonate  may 
also  be  due  to  the  mild  motor  irritation. 

(b)  Urine. —  The  diuretic  action  of  alkalies  is  one  which 
is  very  frequently  employed.  As  has  been  pointed  out.  this 
is  best  secured  by  acetates,  to  avoid  the  local  action  of  free 
alkalies  on  the  alimentary  canal.  The  increased  (ilkalinity 
of  the  urine  is  useful  in  inflainuiatory  conditions  of  the 
urinary  passages,  in  which  the  acid  urine  acts  as  an  irritant. 
The  increased  alkalinity  has  also  caused  the  use  of  alkalies 
in  gravel,  on  the  theory  that  they  dissolve  the  uric-acid 
calculi. 

This  use  is  based  on  the  fact  that,  in  the  test-tube,  free  alkalies  and 
their  carbonates  dissolve  uric  acid  finitt  readily. 

The  conditions  are,  however,  quite  rliflfercnt  in  the  body.  Alkalies 
arc  not  excreted  as  such,  nor  as  carbonates.  They  cannot,  therefore, 
convert  free  uric  acid  into  soluble  alkaline  urates,  but  at  most  into 
acid  urates  which  are  almost  as  insnhible  as  uric  acid  itself.  It  would 
be  absolutely  impossible  to  effect  in  ibis  way  the  solntiori  of  even  very 
^rnall  calculi.  At  the  samt  lime,  since  the  urine  is  less  acid,  the  pre- 
cipitation of  phosphates  will  be  favored,  and  this  may  increase  the 
siite  of  the  stone.  Lithium  urate  is  especially  sohible  ( Lipowitz, 
1H4.1),  and  the  lithium  carbonate  was  vised  af*ainst  calculi  as  early  as 
1844  (Urc).  But,  as  previously  remarked,  this  solubility  docs  not 
apply  to  the  urine. 


In  some  cases,  however,  alkali  may  be  useful  in  reducing* 
the  acidity  of  the  urine,  and  thus  preventing^  further  in- 
crease in  the  size  of  the  stone.     In  several  instances  it  has 
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been  observed  that  il  caused  llie  breaking  up  of  large  stones 
intn  small  fragments.  This  cannot  be  attributed  to  a  solu- 
tion of  the  uric  acid.  The  explanation  is  that  probably  the 
calculi  were  comp*3sed  originally  of  small  fragments  glued 
together  by  mucus,  and  that  the  alkalies  cause<l  the  solution 
of  the  latter. 

Alkalies  will  also  l)e  useful  in  these  conditions  by  lessen- 
ing the  irritability  of  the  urinary  passages.  If  alkalies  are 
given  at  all  for  this  purpose  they  should  be  m  the  form  of 
acetates  or  citrates  of  potassium,  since  this  metal  forms  more 
soluble  urates  than  does  sodium. 


Certain  organic  bases,  wliich  are  excreted  in  targe  |>art  unchanged 
by  the  urine,  arc  superior  to  the  inorganic  alkalies  as  urate  solvenls, 
forming  compounds  (even  when  uric  acid  is  present  in  excew) 
which  :\re  much  more  soluble  than  lithium  urate.  This  does  not 
occur,  ho^vevcr,  if  sodium  salts  arc  present/  so  thai  there  can  be  no 
solution  of  uric  acid  in  the  body  or  urine.  Nevertheless  these  bases 
have  been  extensively  used  for  the  treatment  of  lithiasis,  gout,  chronic 
rheumatism,  arthritis  deformans,  etc.  The  resulls  are  no  greater 
than  could  be  expected  from  the  diuretic  action  of  these  compounds 
The  only  rational  use  is  in  the  irrigation  of  the  bladder  for  vesical 
calculi,  when  the  sodium  salts  would  not  be  present.  A  I  to  3^ 
solution  of  pipcrax-in  may  he  used   for  this  purp<>sc. 

The  most  u^ed  of  these  firganic  bases  is  diethylen-diara'm,  belief 
known  as  Piperazin  [fC:H.)5=N  —  N  =  Hsl.  Although  it  is  quite 
alkaline,  it  is  not  irritafil.  nor  toxic.  Its  quinale  has  also  been  em- 
ployed, nndcr  the  name  of  sidotuil.  since  it  was  beHeved  that  quinic 
acid  prevents  the  formation  of  uric  acid,  or  converts  it  ipto  hippuric 
acid.  This  statement  is  now  denied  (see  Index).  The  quinate  of 
lithium.  "  urosi'i."  has  also  been  used.  The  tartrate  of  dimelhyl- 
piperazin,  "  lycetol,"  has  some  advantage  over  pipera/in.  in  that  it  b 
non-hygro>copic,  and  mOre  diuretic.  The  hydrochlorate  of  cthylen- 
ethenyl  diamin.  "  Lysidin,"  is  more  solvent  than  piperazin.  Tlie  ba« 
llthyU'ti-diamin.  C:H.^(NH.)i,  dissolves  coaRuIatcd  pmteids,  and  has 
Ijccn  used  for  dis?olving  false  membranes.  The  solvent  action  of  uro- 
Iropin  has  been  discussed  previously. 


There  appears  to  be  still  less  reason  to  accept  any  solvent 
action  of  alkalies  on  uric-acid  «lcjK)sits  in  the  tissues,  al- 
though the  alkalies.  an<l  especially  lithhtni.  are  still  exten- 
sively used  on  this  theory  in  the  treatment  of  p^out.  Others 
have  attempted  to  explain  their  effects  by  assuming  that 
they  cause  an  increased  oxidation  of  urates  into  urea.  Tliis 
alsc^  cannot  l>e  considered  as  demonstrated.  Their  employ 
rient  would,  therefore,  be  entirely  empirical.  The  main 
reliance  in  the  treatment  of  gfout  must  still  l>e  placc^l  upon 
proper  diet  and  hygiene.     Clinically,  however,  the  alkalies 
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are  generally  considered  useful,  especially  in  chronic  rheu- 
matism. 

Their  employment  in  diabetic  coma  has  alrea<ly  l>een  dis- 
cussed. They  are  also  employed  against  obesity,  their  ef- 
fects heing  probably  explained,  like  those  of  acid,  by  the 
derangement  of  digestion. 

(c)  Mucus. —  The  solution  of  mucus  by  alkali  is  of  use 
ntit  only  in  the  intestinal  canal,  but  in  other  situations.  It 
is  used  in  this  way  as  an  expectorant.  It  has  also  been 
used  in  catarrhal  dysentery  (enemata  of  i  1500  sodium 
bicarbonate).  Tlie  false  membranes  of  diphtheria,  croup, 
etc.,  are  also  composed  largely  of  mucus,  and  may  be  broken 
down  by  alkalies.  They  are  best  employed  in  this  case  in 
the  form  of  a  steam  saturated  with  lime-water,  commonly 
prepared  by  inhaling  the  vapors  produced  by  slaking  lime 
in  the  sick-room. 

1.   MATERIA  MEDICA  OF  ALKALIES. 
Alkalies  are  incompatibU  with  acids,  metals,  and  alkaloids. 


HYDROXIDS  AND  OXIDS. 

One  Part  is 
Soluble  in 

Water.  Alcouou 
Sodii     Hydroxidum      (U.  S.  P.).     NaOH. 
White  pencils  or  crusts;  used  as  caustic. 

2%   sol.  on  skin 

PotQssii  Hydroxidum  \ 

KOH  ;  as  the  pre- 
ceding    


Av.  Dose 

(U.SP.) 

{Well 

diluted} 


1.         very  sol. 


(U.SP.) 
Potassa  Coustica 

(B.  P.) 
•  Potassa    cum     Cake 

caustic    

Calx  (US.  P..  B.P). 

Caustic  (paste)  .... 
Calx  Hydrata  (B.  P.). 
Magnesii  Oxidum  ) 

(US,  P.)  \  See    Index 

Cd  a )   fffrjuSof^  ) 


0.4 


(Vienna     Paste) 


CaO.     Quick-lime. 
CaCOH),.    Caustic 


760        in  sol. 


SOLUTIONS  OF  HYDROXIDS. 


IJquor  Sodii   Hydroxidi    (U.S.  P.);    S% : 

cau-^tic    

Liquor    Sodii    Ethylatxs    (B.P):    18%    of 

CjHiONa   in  absolute  alcohol;  caustic... 
Liquor  Piftassii  liydroxidi  ) 

(V  S.  P.)  [5%:   caustic. 

Liquor  Potassa  (B.P.)        ) 
LiQuvr  Catcis   (U.S.  P.,  B.  P.).     Saturated 

(0.14%) 


I  c  c.-=t$  v\. 


T  c.  c.=i5  m. 


16  c.  c.  =  4  5. 
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One  Pact  is 

SotlTBLE  IN 


Watek.  Alcohol. 


Aqua    Aitttuonia   Portior    (U.  S.  P.)i    38%, 

StH.OH.     Sp.  G.,  0.897.     Causiic. 

Aauii    Ammonia     (U.S.  P..    B.  P.),    10%. 
■    Sp.  G..  0.958.     Caustic 


Spiritus  Ammonia  (U.S.  P.),  10%.  Caus- 
tic  , 

Spiritus  Ammonia  Aromaticus  (V.  S.  P., 
B,  P.),  ammouia  and  ammnn. -carbon — . 

/.ifiif«CM/H;«  Amruom'iF  (U.S.  P.,  B.  P.), 
35%  ammonia  water  in  cottonseed  oil... 

CARBONATES. 

Potassii  Carbonas  (U.S.  P..  B.  P.>.  ICCO;.. 

For  baths,  too  Cm.;  for  skin,  1.5% 

Sodti   Carbonas    Monohvdratus    (U.S.  P.). 

Na,CO.+  HtO    ." 


0.91 


2.9 


Sodii  Carbonas  (B.  P.).  Na,CO. -f- ioH,0. 


Sodii  Carbonas  Exsiccatus  (B.  P.).  NaiCOi 
Ulhii  Carbonas  (U.  S.  P.,  B.  P.).    Li.CO,. 


See 


75- 


AmmoHti  Carbonas  (U.  S.  P.,  B.  P.), 
Index    

Magnt*sii  Carbonas   (U.S.  P..   B.  P.).     See 
Index , 

Catcii  Carbonas.     See  Index 


tnsol 


BICARBONATES. 

Potassii  Bicarbonas  (U.S.  P.,  B.  P.). 
KHCO.    3. 

Sodii  Bicarbonas  (U.  S.  P..  B.  P.). 
NaHCOj  (0.6  to  4.0  Gm.  ^10  to  60 
ffrs.)    .....„..,,.. 12. 


Bicarbonatis      (U.  S.  P.» 


aim. 
insd. 


JO 


InsoL 
each  0.18  GnL=3    ^^ 


1  fd-w-i  - 

15  er**- 


SOAPS. 

sUlf    or    Venice     Soap     ^^^St^* 
from    NaOH    and    olive    oil.     EntffJ   '** 
\f>hslrum  and  Linimcntum  Sapcnis. 
Saf»o  AnimaU's   (B.  P.). —  From  NaOH  and  animal  fat  -* 

Sapo  Mollis  (U.S.  P.,  B.V.).—  Soft  Soap.—  U^.Ac  from  KOH  •'^ 
linseed  oil. 

Soaps  are  soluble  in  hot  water  and  alcohol. 
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OTHER  ALKALIES. 
See  Index  for  borates,  acetates,  citrates,  and  tartrates. 

SO-CALLED  URATE  SOLVENTS. 

*  Piperasin. —  White  lustrous,  almost  tasteless,  crystals,  deliquescent, 
readily  soluble  in  water  or  alcohol.  Administered  in  dilute  solution, 
I  Gm.    {  15  grains)  per  day. 

*  SidoHal. —  While  tasteless  powder,  readily  soluble  in  water  or  alco- 
hol.    Duse:   i  to  2  Gm.  (15  to  30  grains),  in  diUite  solutions. 

*  Urosin   (Lithium  quinate). —  Dose    0.5   Gin,   (8  grains). 

■  Lycetol. —  White  powder,  of  slightly  acidulous  taste ;  non-hygro- 
scopic    Dosr:  I  to  2  Gm.   (15  to  30  grains!,  in  w.iter. 

*  Lysidin. —  Very  hygroscopic,  marketed  as  50%  aqueous  solution. 
Dosf:  I  to  5  Gm.   (15  to  75  grains)  per  day,  largely  diluted. 

(D)  CARBONIC  ACID  IN  SOLUTION  (CARBONATED 

DRINKS). 

Tiiese  have  primarily  an  acid  action,  but  occupy  a  somewhat  peculiar 
position.  In  the  first  place,  Cd  penetrates  very  readily  on  account 
of  its  volatility.  Unlike  other  acids,  the  activity  of  carbonic  acid  is 
rot  destroyed  by  neutralization.  When  absorbed  it  is  fixed  in  the 
form  of  sodium  bicarbonate,  which  is  dissociated  so  readily  that  it  acts 
both  as  acid  and  alkali.  For  this  reason  the  action  of  carbonic  acid  is  at 
once  extensive  and  mil<l.  Taken  by  the  mouth  it  increases  the  ab- 
sorption of  food  and  especially  of  liqui^U.  hi  this  way  it  is  of  very 
^reat  benefit  in  fevers.  It  has  also  a  somewhat  specific  effect  in 
diminishing  vomiting.  On  account  of  the  stimulation  of  the  sensory 
yierves  of  the  mucous  membranes  with  which  it  comes  into  contact, 
it  is  a  general  reflex  stimulant  (Quincke   {1877). 


(E)  MINERAL  WATERS. 

These  will  be  discussed  more  in  detail  in  other  places,  according  to 
their  ingredients,  hut  the  whole  subject  may  he  very  briefly  summarized 
in  the  following  compilation: 

The  action  of  natural  mineral  waters  has  been  known  empirically 
since  remote  times.  Their  use  came  about  probably  by  accidental  ob- 
servation and  also  through  the  marked  taste  which  they  nosscss. 

Spring  and  Artificiar  Mineral  Waters, —  .\  very  striking  observa- 
tion was  early  made,  namely,  that  these  mineral  waters,  when  used 
at  their  source,  appear  tr>  be  more  effectual  than  artificial  compounds 
of  practically  the  same  composition,  or  even  than  the  same  water  when 
\ise«1  at  a  distance. 

The  most  diverse  explanations  for  this  ha^•e  been  advanced.  Espe- 
cially in  the  case  of  therm.il  waters,  so-called  tcllnrial  forces,  some 
T^yslerious  property  imparted  to  them  by  the  earth,  have  been  invoked. 
Since  the  discovery  of  radium,  it  has  been  found  that  some  mineral 
waters  are  slightly  radioactive,  and  this  has  been  used  tn  explain  their 
action;  but  this  is  not  at  all  demonstrated,  and  is  doubted  by  most 
atithnrities.  Others,  again,  have  (aid  great  stress  upon  the  presence 
of  minimal  traces  of  rare  elements,  somewhat  upon  the  homeopathic 
principle.     Still  others  believe  that  the  artificial  waters  —  even  if  they 

•  Not   official. 
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contain  the  same  elements  in  the  same  proportion  —  do  not  contain 
them  in  the  same  state  of  combmatinn;  for  instance,  that  the  artificial 
water  would  contain  NaCl  and  MgSOi,  the  natural  water  MgClj  and 
NagSOa.  This  is,  of  cotirse,  contrary  to  the  demonstrated  facts:  all 
solutions  containing  the  same  proportions  of  the  same  ions,  will 
have  these  ions  present  in  the  same  state  of  combination,  no  matter 
what  particular  salts  were  used  to  introduce  these  ions.  There  is  noth- 
ing in  any  of  these  theories.  Mineral  waters  are  simply  solution*  of 
the  ingredients  of  the  soil,  and  possess  only  the  action  of  those  ingre- 
dientii  which  arc  present  in  notable  amount. 

The  difference  between  the  water  of  natural  sources  and  the  artificial 
solutions  rests  upon  other  causes,  which  are  sufficiently  easy  to  appre- 
ciate, but  difficult  to  reprcdiicc. 

These  factors  rcft'r  hrgcty  to  hygienr  and  climate.  A  large  propor- 
tion of  the  efTects  must  be  attributed  to  the  rest,  the  freedom  from 
care  and  business  pursuits,  the  exhilarating  effect  of  improved  hy- 
gienic, atmospheric,  and  scenic  conditions,  better  regulation  of  all  the 
habits,  of  diet,  exercise,  etc.  The  mere  drinking  of  large  quantities 
of  fluid  is  also  suniclhing  which  it  is  difficult  to  enforce  at  home,  but 
which  the  patient  does  regularly  in  watering-places.  Added  to  these 
comes  finally  the  specific  action  of  the  dissolved  salts 

The  effect  of  mineral  baths  is  purely  local  and  reflex.  There  is  nc 
absorption  of  the  dissolved  salts  through  the  skin.  The  effects  are  in 
general  the  same  as  with  hydrotherapeuty.  excepting  that  they  are 
somewhat  stronger. 

The  waters  of  mineral  springs  vary  in  temperature;  those  below 
28**  C.  are  called  cold ;  25  to  37.5".  warm ;  above  this,  hnt,  Tlie 
higher  temperatures  favor  absorption,  and  are  therefore  more  favnraUc: 
for  alkaline  waters;  cold  causes  motor  stimulation  of  the  alimentary 
tract,  and  is  preferred   for  cathartics. 

The   molecular   concentration   of   mineral    waters    varies   consider- 
ably:   the    depression    of    freezing    point    is    1.0150    for    Hunyadi    an<9. 
Apenta ;  0..U0   for   Vichy;  0.275   for   CarUbad;  0.240   for  Apollinarit; 
etc.  (Kostkewicz.  i809>. 

Classification. —  These    waters    are    usually   classified    according 
the  contained  salts.    Various  classifications  are  current.    The  followi 
will  be  used  here : 

1.  Plain  Saline  (NaCl). 

((o)   Plain. 

2.  Carbonated:  ■](/')   Alkaline   (NaHCO«)- 

(  (c)  Saline  (Na^SO,). 

3.  Magnesia. 

4.  Sulphur. 

5.  Chalybeate. 

Occasional    constituents    of    small    importance    arc    Ca,    I,    Br. 
and  As. 

The  physiologic  eflTects  of  the  majority  of  these  constituents  wil' ^  ^^ 
discussed  under  their  respective  headings,  and  will  only  be  very  br-  -^  •?^ 
alluded  to  in  this  place  It  will  also  he  impossible  to  take  up  the  ^r*>.--.^**-[ 
position  and  special  indications  of  the  different  mineral  water  -^^  '^.'" 
anything  like  an  exhaustive  manner.  It  will  be  necessary  to  il'^^^s^^^^J^ 
these  classes  on  only  a  few  well-known  waters.  It  need  scarc^'y,  ***^ 
mentioned  that  the  al>ove  classification  is  not  an  absolutely  shai 
but  that  many  mineral  waters  belong  partly  to  several  classes. 
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1.  Plain  Saline  Waten. —  These  are  used  mainly 
nallv  f'jf  baths.     The  most  typical  is  sea- water. 
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The  composition  of  this  is  somewhat  different  in  different  oceans. 
In  ihc  English  channel  it  is  as  follows: 

1,000  parts  by  weight  contain: 

NaCI    370 

KCI    0.7S 

MgO,  37 

MgBr    0.027 

MgSO.    3.3 

CaSO.   14 

CaCO.   ao3 

lodids,   etc traces. 

The  freezing  point  of  sea  water  is:  — 2.29**  C  at  Naples  (Bottaz- 
21,  1897);  —  1.90"  at  Pacific  Grove.  California;  and  — 1.82"  at  Wood's 
Hole.  Massachusetts  (Garrey,  1905). 

^K  Arti/icial  sea-baths  may  be  made  by  dissolving  4%   of 

^H^  or  rock  salt  in  water. 

^B    Some  of  the  important  saline  sources  are  the  following: 


Per  1. 000: 

Fixed  Salts.      NaO.    Temperature  (C). 

Kissingen*    15  11  18.5* 

Baden-Baden   28  21  18.5' 

Nauhcim    30  25  33.0* 

Amtricon:    Saratoga  Congress,  New  York,  approaches  Kissingen. 


2.  Carbonated  Watcn, —  (a)  Plain. —  In  these  the  CO2 
is  the  main  c<institiient.  This  aids  digestion,  and  these 
waters  are  used  mainly  as  plain  table  waters.  The  most 
used  is  the  artificial  soda-water. 

An  example  of  a  natural  carbonated  water  is  Apollinaris: 


r/xx)  Cm.: 

NaHCOu 

NaCI. 

Na.SO,. 

CO.. 

Temp 

1.2 

0.4 

oj 

IS 

21' 

( b)  Alkaline. —  These  contain  a  notable  amotmt  of 
[aHCO.,.     They  have  the  alkaline  effects  and  are  therefore 

ful  in  gastric  catarrh,  hyperacidity,  hypersecretion  of 
incus,  and  as  diuretics,  in  ol)esity.  s^t^ut.  tirate  st<ines.  and 
iahetes.  Tliey  are  most  useful  when  taken  hot  and  drunk 
TV  slowly,  since  in  this  way  they  cause  the  least  irritation 

the  stomach. 

*  F'>rmuJa  fer  Artificial  Kissingen  (N.  F.): 

Poruvium   Chtnrid    • «■••«•«•«•     tf 

Sodium    Chlnrid     ....«••■  i«  •;.   ^f 

Maenc^ium    Sulphate    / }9 

Soiliom    BtcarhonMe    lo? 

Twmt^  four    srains    rf    (hb   lo   <   ounces   of   water    (half   a   tea*poonfu1    to   a 
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(c)  Alkaline  Saline  Waters. —  These  waters  usually  con- 
tain in  addition  some  NajSO^.  The  indications  for  use  are 
the  same  as  for  the  preceding.  The  cold  waters  contain 
more  CO2  (  Marienbad  and  Franzenbad).  The  hot  alkaline 
waters  are  very  numerous.  The  following  may  be  taken  is 
examples : 

European  Carbonated  Alkaline  Waters,  per  1.000: 

NaHCO..  FrceCO^  NaCI.   Na,SO*.     Temp. 

Vichy  *    5.0              500  .  .           a2           40" 

Ems    2.0             500  1.0                          40** 

Sellers    1.2            i,.200  2,^                         cold. 

Spa,   Pyrmont,   Wiesbaden. 
American:     Sarainga  Sellers,  Saratoga  Vichy,  Sweet  Springs  of  Vi*" 
ginia,  Geitysburg,  etc. 

(d)  Of  the  Carbonated  saline  ziHitcrs  the  most  rcpresen 
tive  is  the  Carlsbad,     The  formula  for  the  artificial  salt 

K,SO«  0.12 

Na,SO,    a.64 

NaHCO.    2.16 

NaQ   i.oB 

6.00  Gm. 

This  quantity  (a  teaspoonful)  is  the  proper  amount  F- 
liter  (quart)  of  water. 

3.  Magrnesia  Waters — These   contain   MgS04.    Na,^ 
CaSO^.  MgClj.  but  no  CO2.     They  are  useful  as  catha 
Tf  they  contain  CaCO-,.  the  alkaline  action  extends  <i 
into  the  intestine  than  in  the  case  of  NaHCO^. 


European,  in  ifioo  Cm.: 

MgSO.,     Na^SC   CaSO^    NaCI.     M( 
Hunyadi  Janos  . .  22.3  22.5  1.3 

ScicUiU    IJ.5  ...  1.4  ..  04 

Epsom  and  Fricdrichshall  belong  to  the  same  class.  ^^ 

American:     Crab  Orchard,   Kentucky,  and   Bedford   Springs,  Pcftnf^; 
vania. 

4.  Sulphur  Waters. —  These  contain   free   H..S  and  iV^- 
phids.     Externally  they  stimulate  the  skin  and  soften  tht 

^Pormnta   for  Artinciat  Vichy   (N,  F.)t 

SDdium    Ricarbonate    ...,.....,» •»>•«■•••■*.*.  846,0  Cm. 

Puta««ium    Ca rKonate    * •••.>••...-.  $9.)  " 

Marnc&ium    Suiphaic >•.•.....»... jS.;  " 

Sucnum    Chlorid 77.0  ** 

Fourteen    drains   to  6  ounces  of  water   (^    teaapoonful   to  a  lumUci^  il  tit 
dote. 
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epiflermis;  internally  they  act  as  cathartics.  They  have 
considerable  reputation  in  the  treatment  of  chronic  rlienma- 
tism.  Some  examples  are :  Aix-Ia-Chapelle.  Harrogate. 
Virginia  Sulphur  Springs.  The  following  will  give  an  idea 
of  their  composition: 


^/n  Xfioo  Gm,: 

^^V  Aix-les-Bains 


Free  H»S. 
. . .  0.003 


Na,S04. 

0.092 


NaCI. 
o.o.p 


Temp. 
44" 


^ 


5.  Chalybeate  Waters — These  contain  Fe.  usually  as 
bicarbonate,  also  XaCI  and  NaoSO^.  The  amount  of  iron 
is  from  o.oi  to  0.12  of  FeO  per  liter.  The  most  famous 
springs  are:  Tunbridge  and  Brighton  in  England;  Pyrmont. 
Wiesbaden,  and  Spa  on  the  Continent;  Bedford*  Pittsburg, 
Brandywine.  and  several  Virginia  springs,  in  the  United 
States. 

(F)  CLIMATE. 


This  i*  of  such  Rrcat  importance  in  the  action  of  mineral  waters 
that  it  may  be  discussed  in  this  place.  Only  the  roughest  «ikclch  can 
be  given,  and  the  student  must  refer  to  larger  text-books  for  further 
description. 


I         The  principal  elements  which  enter  into  the  climate  are 
the  following: 

IrPurity.* 
[  Density  (Altitude). 

I,  Air:-  Moistnre. 
Temperature. 
[  Special  Constituents." 
2.  Sunlight. 
3.  Water,  Purity  of. 
,  4.  Conditions  of  Life  —  comfort,  hygiene,  rest,  diversion, 
leasant  surroundings,  out-of-door  life,  etc. 


W 


The    subject   of    climatology    is    very    largely   empirical.     The    work 
which  has  been  done  on  the  effect  of  the  different  climates  upon  nielab- 
itn.  nutrition,  etc.,  is  as  yet  too  limited  to  he  of  great  value. 


*  Purity:  This  rrfcr*  esp«tftny  to  the  atwcnec  of  bacteria,  but  other  fixed 
impurities  may  al»o  be  of  miportance;  r.  <-.  ihe  causation  of  hayfrvcr  liy  pollen. 
In    citie»,    vanoui   chcmic   «»«•*   may   al«)   l»e   delctcriuu*    tmiiuritifs. 

'Of  inch  special  con*litucnl«,  the  aromatic  oils  given  off  by  needl<tr*e«  may 
W  of  con«M!erahle  value  a«  antiseptics  in  phthisis.  The  presence  of  oxone.  if 
It  is  of  any  importance,  serves  mainly  to  indicate  the  general  purity  of  the 
itnoaphere. 
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The  principal  climates  used  in  therapeutics  are: 

1.  Sea. 

2.  Dry  and  Warm. 

3.  Elevated. 

1.  Sea  Climate  (Including  Islands  and  Sea  Voyage). —  The 
important  effects  of  this  are  related  to  constant  tempera- 
ture, humitlity.  and  purity  of  the  atmosphere,  and  to  gen- 
eral surrounding  conditions. 

This  climate,  being  very  restful,  is  especially  useful  in 
cases  of  overwork.  The  freedom  from  atmospheric  im- 
purities also  reuilers  it  valuable  in  hay-fever  and  phthisis. 

2.  Dry  and  warm  climate,  such  as  in  deserts  and  Egypt. 
southwestern  Texas,  inland  Sfiuthern  California,  or  in  the 
pine  sections  of  Georgia  and  the  Carolinas. 

The  special  advantage  of  this  climate  consists  in  its  per- 
mitting outdoor  life  in  winter.  It  is  peculiarly  valuable  in 
lung  (lisortlers  which  do  not  stand  a  northern  temperature. 

3.  Elevated  Climatea — These  are  generally  aseptic,  and 
the  air  is  cool  and  dry.  What  importance  can  be  given  to 
the  rarefaction  of  l!)e  atmosphere  is  not  at  present  clear. 
still  less  the  manner  in  which  this  acts. 

The  rate  of  (he  heart  and  respiration  is  at  firsl  increased,  but  later  it 
returns  to  normal. 

The  quantity  of  urine  is  increased,  as  also  the  jcaseous  melabolisfn 
and  respiratory  quotient.  The  nitrogen  excretion  is  diminished  i]ac- 
quct  and  Stiihelin,  igoi).  The  blood  becomes  rapidly  more  concen- 
trated in  corpuscle*!,  and  the  serwm  in  proteids.  The  absolute  amount 
of  corpuscles  and  of  hemoglobin  is  not.  however,  much  increased  at 
first,  but  notably  so  later   (Jacquet,  1904). 

These  climates  cause  improvement  in  a  number  of  con- 
ditions, probably  in  part  due  to  a  greater  exercise  of  the 
organs  from  climbing,  etc.  They  are  useful  in  dyspepsia, 
anemia,  chlorosis,  insomnia,  asthma,  and  consumption. 

fiigh  climates  are  unfavorable  ta  feeble  conditions  of  the 
heart  and  vessels,  which  cases  should  be  sent  to  the  sea- 
shore. 


SUMMARY, 
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CHAPTER  XXVIT. 

SYSTEMIC  (ION)  ACTION  OF  METALLIC 
SALTS,' 

I.  ABSORPTION,  ETC. 

Absorbable  and  Non-absorbable  lAetals. —  In  the  case  of 
metals  one  must  distinguish  between  the  k>cal  and  remote 
actions.  Every  metallic  salt  has  a  UKal  action ;  in  addition. 
every  metallic  sail  which  is  dissociable  into  ions  has  a  toxic 
action  if  it  is  introduced  into  the  circulation.  It  does  not 
matter  whether  the  metal  is  arsenic  or  iron :  even  the  flegree 
of  the  toxicity  is  practically  the  same  in  both  cases  if  they 
are  actually  introduced  into  the  body.  (The  alimentary 
canal  is  not.  in  this  sense.  "  williin  the  l}o<!y.")  The  main 
difference  between  the  two  metals  consists  in  t!ie  fact  that 
arsenic  is  easily  absorl)ed.  while  iron,  like  most  other  metals, 
is  not.*  Arsenic,  mercury,  and  uranium  are  the  only  metals 
the  absorption  of  which  is  of  an  extent  sufficient  to  cause 
acute  poisoning  with  non-corrosive  doses.  Phosphorus, 
which  behaves  pharmacologically  in  many  respects  like 
metals,  is  absorbed  still  more  readily.  Certain  other  metals 
are  absorbed  much  more  slowly.  To  this  class  belong  lead. 
silver,  tin,  and  iron.  Any  metallic  salt,  if  given  in  strong 
solution,  will  cause  corrosion  ni  the  mucous  membrane  of 
the  alimentary  canal  and  will  then  be  ahsorhed.  and  would 
exert  its  systemic  action  were  it  not  that  the  local  effects 
often  kill  Iwfnrc  the  systemic  can  come  into  play. 

A  peculiarity  of  the  corrosion  pnxluced  in  this  manner  is 
I  *hat  there  seems  to  he  a  possibility  of  acquiring  a  certain 
'  »mm«nity  to  it.  If  the  administration  of  a  metallic  salt  is 
"^~>egnm  with  small  doses  and  gradually  increased,  it  becomes 
X^x>ssible  to  administer  without  effect  doses  which  would  at 
'first  have  produced  violent  corrosion.' 

^  Tlie  matuna  mcdica  of  all  metallic  salt*  (tnc1u<1in|r  thouc  u9t^  only  Incalty) 
^^rill  be  ffivcn  in  ihis  chapter.  The  nature  and  (hcrai^>cutic  u9c»  of  tbc  IckaI  actiont 
^r-e   discuasrd   in  Chapier    XXVI 1 1. 

'  'Metallic    poiiiona    are  ncnerally  more   toxic   lo_  herhivora  than   to   camivora — 

rk«~«lnbly     h<-caiite     they     remain     tnnner     in     the     alimentary    canal     of    berbivaroiU 
^^mmalt.  allowinK  RTcater  absorption. 

*  Molds    •ccommodate    readily    to    metallic   potsuni. 
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To  be  absorbed,  the  metal  must  of  course  be  in  soluble 
form;  but  it  must  be  br>me  in  mind  that  the  solubihly  in  the 
alimentary  canal  is  not  necessarily  the  same  as  the  solu- 
bility in  water  in  a  test-tube.  In  fact,  it  makes  little  differ- 
ence, except  as  regards  local  action,  in  what  form  a  metal 
is  administered.  In  the  stomach  it  will  be  converted  lar^jely 
into  the  chlorid;  in  the  intestines  into  the  carbonate  and  sul- 
phid.  Furtlier,  the  metallic  salts  enter  into  double  combi- 
nations with  pruleids,  and  these  are  often  soluble  in  an  ex- 
cess of  the  latter.  In  this  way  such  insfiluble  compounds 
as  mercuric  <Jxi(L  niercurous  chlorid.  lead  sulphate,  and 
silver  chlorid,  may  be  brouglit  into  solution. 

Absorption  is  one  factor  necessary  to  produce  the  toxic 
action.  A  second  factor  is  that  the  compound  must  contain 
the  metal  in  a  (fissociablc  form  — /.  c,  in  the  form  of  ions. 
This  is  not  the  case  with  the  pure  metals  nor  with  some 
organic  compounds,  such  as 


Zn< 


CH, 


nor  with  the  iron  of  ferro-  and  ferricyanids.  In  these  com- 
binatinns  the  metals  form  a  hrnier  part  of  t!ie  molecules. 
However,  both  the  pure  metals  and  the  organic  compounds 
are  in  nnjst  cases  S])lit  up  in  the  body  into  <lissociabIe  com- 
pounds. an<l  so  fmall)'  come  to  exert  the  metal  action,  but 
only  after  dissociation. 


I 


Colloid  Metals  occupy  a  peculiar  position.  Colloid  metals  may  be 
olitaincd  by  trstiilitishiiif^  an  electric  arc  between  metallic  wires  under 
water,  very  fine  particle?  of  the  metal  being  thrown  off  and  forming 
a  colloidal  solution.  Similar  solutions  may  be  obtained  from  soltrtioiis 
of  metallic  salt*,  by  certain  rcducinR  agents.  Colloid  solutions  of  Pt. 
Ag,  Hg,  Au,  Bi,  Cd,  Pd  and  Ir  have  been  prepared  by  the^e  methods 
The  metal  exists  in  the>e  solutions,  not  as  ions,  but  in  true  metallic 
condition;  it  is,  however,  sn  finely  sutKlividcd  that  it  remains  perma- 
nently and  evenly  distributed  through  the  sohitton.  It  is  precipitable 
by  salts,  in  the  same  way  as  other  colloidal  solutions.  These  solutions 
cannot  produce  the  ion-actions  of  the  metals  directly.  The  colloid 
condition,  however,  gives  them  catalytic  properties,  i.  e.,  minute  quan- 
litie**  may  indnce  reactions  in  large  quantities  of  other  substance* 
(r.  g..  conversion  of  alcohol  into  acetic  acid),  the  metal  taking  no 
part  in  this  transformation.  This  catalysis  is  hindered  by  many 
poi>ions,  jtist  as  is  the  action  of  true  ferments  The  metaN  pass  i}u*tf 
readily  from  the  colloid  into  the  ionic  condition,  »'.  g„  by  the  action  of 
bacteria,  and  may  then  exert  the  ordinarj'  action  of  the  metals.  Since 
this  conversion  occurs  but  slowly,  ihese  actions  will  l)o  mainly  local, 
and  will  produce  a  minimum  of  irrilalion.  Colloid  solutions  of  silver 
and   mcrcurv   have  therefore  been   utilized  to  moderate  the  effects  of 
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these  metals.  When  injected  into  the  body,  the  colloid  metals  pro- 
duce a  gradual  cachexia.  It  is  not  possible  to  decide  at  present  whether 
ihey  do  this  throii|rh  their  catalytic  properties,  or  by  being  converted 
into  the  ionic  condition. 

II.  REMOTE  ACTION. 

The  systemic  actions  of  most  mctaU  can  only  be  studied  by  inject- 
ing them  intravenously,  since  the  slow  absorption  and  the  strong  local 
actions  would  obscure  the  remote  effects,  if  the  metals  were  grivcu  by 
the  ordinary  channels.  For  the  intravenous  injection,  such  metallic 
salts  must  he  chosen  as  will  not  precipitate  the  bUxxl.  Double  salts 
(such  as  iron-ammonium  citrate,  etc.)  or  mrtallic  albuminates  may 
meet  this  requirement.  In  some  cases  it  is  necessary  to  have  recourse 
to  some  non-ionic  compounds  of  the  metal,  from  which  the  ionic  metal 
is  liberated  in  the  body. 

When  such  a  preparation  is  injected  directly  into  the  blood  the 
symptoms  in  many  cases  do  not  arise  at  once,  but  arc  developed  quite 
slowly,  sometimes  only  in  the  course  of  several  days.  This  is  due  to 
the  fact  that  the  metals  do  not  act  in  the  blood,  hut  only  after  they 
have  been  absorbed  into  the  cells;  and  this  absnrplion  is  so  slow  that 
it  may  take  several  days  to  accumulate  sufficient  metal  to  produce  any 
action.  It  may  by  this  time  have  disappeared  entirely  from  the  cir- 
culating liquids   (White.  1880). 

It  would  appear  also  that  the  symptoms  do  not  arise  immediately 
after  the  poison  has  reached  the  cells.  Tartar  emetic,  when  injected 
in  appropriate  doses  into  a  vein,  disappears  from  the  blood  in  ten 
minutes,  but  the  first  symptoms  can  be  seen  only  after  some  twelve 
hours.  This  corresponds  with  the  behavior  of  toxins  and  of  many 
other  poisons. 


The  excretion  of  the  metals  is  usually  even  slower  than 
their  absorption.  They  have  therefore  often  a  cumulative 
action;  doses  too  small  to  produce  any  immediate  effect  will 
cause  serious  poisoning  if  long  continued.  Pb,  Hg,  and 
As  are  the  most  prominent  exanii>les  of  this.  A  single 
large  dose  may.  on  the  (»ther  hand.  prrKhice  chronic  poison- 
ing. In  whatever  manner  the  metal  is  introduced  into  the 
circulation  —  whether  intravenously,  hypodermically.  or 
from  the  intestinal  canal  — it  is  excreted  partly  by  the  kid- 
neys, but  the  main  pan  leaves  through  the  intestines,  espe- 
cially the  large.  The  epithelial  cells  are  the  channel  of  this 
cxecretion,  and  not  to  any  extent  the  bile,  as  was  at  one 
time  supposed.  A  gastro-cutcritjs  may  result  from  local 
actiftn  even  when  the  poison  has  been  gi\cn  intravcn<iusly. 
On  this  account  tartar  emetic,  for  instance,  acts  largely  lo- 
cally even  when  administered  intravenously  or  hypoder- 
mically. 

A  sufficient  amount  of  the  metals,  however,  is  excreted 
by  the  kidneys  to  cause  a  marked  nephritis,  characterized 
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in  the  ordinary  manner  by  albuminuria,  casts,  etc.  The 
nephritis  liegins  in  the  epithelium  of  the  convoluted  tubules 
and  spreads  from  here  to  the  glomenili.  If  the  poisoning 
is  chronic,  the  nephritis  may  become  interstitial  and  lead  to 
renal  cirrhosis.  Nephritis  has  been  described  in  poisoning 
by  the  following  metals:  Ag,  Al.  As.  .\u.  Be,  Bi.  Cd,  Ce. 
Co.  Cr,  Cu.  Hg.  Mn.  Ni.  P.  Pb.  Pt.  Sb.  U.  W,  Zn. 

In  their  systemic  effects,  all  the  metals  show  a  striking 
similarity.  They  affect  mainly  the  circulation.  There  is  a 
very  marked  fall  of  blood  pressure,  whicli  is  <lue  partly  t(»  a 
paralysis  of  the  blood-vessels  and  partly  to  a  direct  action 
on  the  heart.  Sec<tn<]ary  to  this  distnrl)ed  circulation  there 
arise  symptoms  from  the  central  uerz'otis  systetu,  A  direct 
effect  upon  nervous  organs  is  not  common  in  mammals,  and 
is  only  conspicuous  with  silver. 


< 


Frogs  show  with  most  metals  a  paralysis,  preceded  by  a  slight 
stimulation.  The  tetanizin^  action  predominates  with  Ni.  Co,  and 
Pt.  Whether  the  mcrah  have  any  direct  effect  on  metabolism  cannot 
be  decided  with  onr  present  methods,  hccause  of  the  disturbances 
introduced  by  the  inti:stinal  and  renal  irritation,  and  by  the  circulatory 
changes. 

The  metals,  aside  from  silver,  may  be  divided  into  hvo  frinctpat 
groups:  the  first  group  acting  mainly  peripherally  on  the  hlooa-vessett. 
the  second  group  acting  peripherally  on  the  heart.  To  the  first  group 
belong  arsenic,  antimony,  uranium,  bismuth,  iron,  manganese,  selenium, 
tellurium,  aluminum,  tin.  nickel,  cobalt,  gold,  and  platinum;  to  the 
second'  group,  lead,  pha>phorus,  copper,  zinc,  cadmium,  mercury,  vaiu- 
dium,  cerium,  and  thallium. 
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III.  ARSENIC. 

I.  SUMMARY  OF  ACTIONS. 

A  relaxation  of  the  walls  of  the  capillaries,  particularly  of 
the  splanchnic  area,  accompanied  by  an  increased  permea- 
bility, and  consequently  by  changes  similar  to  those  of  in- 
flammation. As  this  is  sh*>wTi  mainly  in  the  splanchnic 
area,  the  most  cnnspicuous  symptimis  are  those  of  a  gastro^ 
enteritis,  which  resemble  closely  those  of  cholera. 

This  dilatation  of  capillaries  introduces  changes  in  the 
circulation  which  cause  secondary  (!isturbances  in  the  func- 
tion of  more  remote  orejans,  ]>articularly  in  the  nen'ons  sys- 
n;  and  further,  fatty  det^eneration  of  the  cells,  particu- 
'ly  in  glands  and  muscles*  with  other  disturbances  in 
itabolism.  There  may  also  be  a  direct  paralysis  of  the 
art,  both  ganglionic  and  muscular. 
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Arsenic  preparations  possess  a  rather  weak  corrosive  ac- 
tion. 

n.  DETAILS  OF  ACTION. 

The  action  of  arsenic  may  be  either  acute  or  chronic. 
Very  little  essential  difference  has  been  made  out  t>et\veen 
the  two,  beyond  some  direct  corrosion  in  the  former.  Both 
rest  npon  the  paralysis  of  the  capillaries. 

1.  Acute  arsenic-poisoning  I  sets  in  very  rapidly,  pointing 
to  a  quick  absorption.  The  first  syw/yfoms  are  of  acute 
gastro-eutcritis,  and  resemble  so  closely  those  which  result 
from  corrosive  poisoning:  that  they  were  formerly  beHeved 
to  be  due  to  this.  However,  the  autopsy  rarely  shows  ex- 
tensive corrosion,  and  it  is  known  that  the  corrosive  action 
occurs  extremely  slowly.^  Furthermore,  the  gastro-enteritis 
may  be  obtained  with  at  least  equal  readiness  if  the  arsenic 
is  injected  into  tlie  circulation  <ir  subcutaneously.  This 
would  not  definitely  exclude  all  local  actinn,  since  some 
arsenic  is  excreted  into  the  alimentary  canal :  but  the  quan- 
tity is  not  nearly  enoug^h  to  account  for  the  symptoms. 

Simultaneously  with  the  violent  vomiting  and  purging  of 
the  gastro-enteritis  there  is  an  extremely   marked  fall  of 
blood  pressure.     This  is  almost  entirely  vascular  in  origin; 
for  if  the  aorta  is  clamped,  the  heart  is  able  to  maintain  a 
fairly  high  pressure  (  Boehm  and  Unterberger.  1874).    This 
vascular  paralysis  is  mainly  peripheral,  but  it  differs  from 
that  produced  by  the  nitrites,  for  stimulation  of  the  periph- 
eral stump  of  the  splanchnic  nerve  is  still  effective  in  raising 
the  blood  pressure,  at  least  in  the  earlier  stages.     The  arte- 
rioles must  therefore  still  be  capable  of  contracting.     For 
this  reason  it  is  assumed  that  structures  l)eyon(l  ilie  arte- 
rioles —  namely,  tlie  capillaries  —  are  the  scat  of  the  paraly- 
sis.    This  view  is  favored  by  the  fact  that  they  have  be- 
<:ome   more   permeatjle.      (Intravenous   injections   of   large 
^uantitfes  of  salt  soUition  will  cause  edema  in  animals  poi- 
soned  with  As.  but  not  in  the  normal)     There  is  in  ad- 
ditifin  a  weakening  of  the  heart,  and  probably  also  some 
^lepression  of  the  vasomotor  center  and  partial  paralysis  of 
the  arterioles.     All  these  contrilnile  tn  the  fall  of  pressure. 
These  changes  in  the  capillaries  explain  practically  the 

'  Excrctsci)  S3  and  67.  ......  •»• 

■The   principal   usr  which   is   now   made   of   this  corrosive   action   is  in   kiiitnff 
Ihe   ncrvf»   of    lerth.     Thi»    rakes    several    davs.    which    il!uslrate«   the   slowneis    of 
tie  corrosive  action,   and  contrasts  very  striWinKb'  with  the  extremely  rapni  onict 
•f  Uk  lymptoms   in    acute  poiaoning. 
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whole  course  of  the  poisoning.  Since  increased  permtahil- 
ity  of  the  capillaries  is  one  of  the  essential  features  of  in- 
flammation, one  need  not  be  surprised  that  the  phenomena 
of  arsenic-poisoning  are  similar  to  those  prtnluced  by  an 
irritating  inflammation,  although  the  primal  cause  is  dif- 
ferent. 

The  first  and  strongest  effects  are  upon  the  intestine,  no 
matter  how  the  arsenic  has  l>een  introduced.  The  capillary 
paralysis  results  in  the  production  of  an  exudation  into  the 
connective  tissue.  This  raises  the  epithelium  ( just  as  would 
a  blister  on  the  skin),  and  causes  it  to  be  thrown  off  in 
shreds  or  false  membranes.  The  exudation  is  then  poured 
into  the  lumen  of  the  intestine  and  largely  coagulates.  This 
distention,  as  well  as  the  circulatory  changes,  causes  in- 
creased peristalsis  and  x^^atcry  diarrhea;  and  the  shreds  of 
mucus  and  coagulated  exudation  give  to  the  evacuations  the 
character  of  "  rice  uvtcr  "  stools  ( Boehm  and  PistoriuSv 
1882). 

The  pathology  of  this  condition  is  exactly  the  same  as  that  of 
Asiatic  cholera,  and  without  a  history  it  is  absolutely  impossible  to 
dtstingui<th  between  the  two  conditions  except  by  chemic  examination 
of  the  dejections. 

The  extreme  distention  of  the  capillaries  may  lead  to  their  rupture, 
to  the  formation  of  ccchymoses.  or  possibly  bleeding  into  the  Tnlritiiir 
or  stomach,  and  consequenil>  bloody  vomiting  or  diarrhea;  hut  this 
is  by  no  means  always  ilie  case. 

The  ve<scls  of  the  kidneys  also  participate  in  the  dttattoa  Th* 
glomerular  capillaries  are  swollen  so  a?  to  fill  the  cap'^nle:  the  urine 
IS  albuminous  and  scanty,  and  cannot  be  increased  by  caffcin  (HeUin 
and  Spiro,  1897). 

The  great  distention  of  the  splanchnic  area  will  of  courae  withdraw  %^^ 
a  great  amount  of  blood  from  the  genera!  ctrculntion.  and  this  will  '#^ 
react  upon  other  organs.  In  iome  cases  this  effect  is  ki  vinlcni  that  ^,^_^ 
it  produces  collapse,  from  paralysis  of  the  central  nervous  */**""*— -•■*-^J 
before  the  symptoms  of  enteritis  fiave  had  time  to  develop.  This  cof—- ^^.^H^ 
responds  exactly  to  "dry  cholera." 

Deatii  usually  occurs  by  exhaustion  as  a  result  of  IH^^^q^ 
prolonged  gastro-enteritis,   as  in  cholera.     There  are  th  ^^mc 
same  nuiscle  cramps,  paleness,  and  p^etieral  collapse.    TH^  r 
patient  appears  emaciated   from  the  withilrawal  of  liqui-*  / 
froni  the  l>oflv  by  the  prf)fuse  diarrhea,  and  this  even  if  1*-^ 
retains  a  fair  amount  of  adipose  tissue. 

2.  Chronic  Araenio-poisoning. —  With    a    still    less   acuW 
actirin  a  chronic  f^astro-intestitui!  catarrh  is  devc'     -  '    ■  = 
sihly  with  ulceration.     The  less  intense  btit  perst- 
lary  paralysis  will  give  time  for  the  development  0!  t:w« 
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lounced  degenerative  chungcs  in  other  parts  of  the  body. 
Most  prominent  amongst  these  are  fatty  degenerations,  first 
of  the  endothelium  of  the  capillaries  themselves.  Later  this 
affects  the  intestinal  ef*itheliunt,  and  finally  the  cells  of  other 
organs  —  Hver,  kidney,  heart  muscle,  etc.  This  is  due  to 
the  interference  with  nutrition.  The  increased  size  of  the 
liver  from  the  fatty  degeneration  may  cause  pressure  on  the 
bile  ducts,  consequently  reabsorption  of  bile  and  icterus. 
In  the  chronic  action  of  arsenic  there  is  quite  a  tendency  to 
ihe  development  of  local  effusions.  Amongst  the  first  of 
these  is  szcelling  of  the  eyelids,  which  is  fairly  character- 
istic. 

The  imiwircd  nutrition  of  the  nerve-trunks  gives  rise  to 
polyneuritis,  with  atrophy  of  the  muscles,  disturbance  and 

«ralysis  of  sensation,  and  also  tif  the  s]>ecial  senses.  The 
If*'  is  very  frefiuently  altered.  fn»m  paralysis  of  the  vocal 
rds.  The  skin  is  also  particularly  subject  to  the  action 
of  arsenic,  perhaps  because  it  takes  part  in  its  excretion. 
This  action  results  in  acne-like  eruptions,  exfoliation,  and 
in  falling  out  of  hair  and  detachment  of  finger-nails.  In  a 
few  cases  a  peculiar  cutaneous  melanosis  can  be  noticed. 

■Ais  is  not  due  to  a  deposition  of  arsenic,  but  to  the  forma- 

^Bi  of  an  organic  pigment.     The  mucous  membranes,  espe- 

^Uly  the  conjunctivre.  may  also  suffer. 

^ft.  Beneficial  Action  on  Metabolism. —  If  the  doses  of  ar- 
senic are  small,  this  capillary  dilatation  and  hyperemia  may 
not  reach  a  liarmful  degree,  and  may  even  lead  to  au  in- 
creased nutrition.  This  deserves  especial  attention,  since  it 
is  the  rational  liasis  of  tlie  use  of  arsenic  in  the  various  ca- 

(rtic  conditions.  The  metalKilic  action  is  quite  variable,  as 
depends  upon  a  numl>er  of  mutually  op|K»se<l  causes, 
[jongst  these  are:  the  capillan*  dilatation;  supposedly  a 
cct  action  of  arsenic  upon  the  cells;  and  the  action  upon 
the  gastro-intestinal  canal  and  upon  the  kidneys. 

t?  rnteractinn  of  these  factors  may  produce  very  different  results, 
•quently  tltc  experimental  data  arc  not  of  very  much  vaUie,  It 
he  considered  as  proven,  however,  that  as  lonp  as  the  nrsenic 
nt>i  interfere  with  digestion  and  absorption,  it  increases  the  cx- 
crrtion  of  nitro^vn.     If  this  interference  is  avoided,  arsenic  also  causes 

■  rased  deposition  of  fat.  Another  effect  which  is  fmind  in  artcnic- 
jOiiinfr  is  the  loss  of  ihe  glycogen  of  the  liver  and  formation  of 
jolactic  acid.*     What  practical  importance  can  he  attributed  to  this 


'  Othrr   poiioni    which    cause   diminution    of   ulycogen    are: 
CWiC   dblo'id,    chlurofurtn.    colchicin.    <itrychnin,    ami    nitrobenzol. 
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is  not  at  present  clear.  The  diminution  of  glycogen  is  so  rapid  that 
it  cannot  be  ascribed  to  a  diminished  power  ot  forming  it.  Nor  docs 
it  seem  to  be  connected  witli   the  tactic  acid   formation. 

One  of  the  therapeutic  uses  of  arsenic  is  to  increase  the  number  of 
erythrocytes.  There  seems  to  be  considerable  evidence  thai  u  does 
so  in  certain  forms  of  anemia,  by  stimulating  the  hone-marrow.  It 
has  no  such  effect  in  normal  animals.  In  normal  animals,  small  re- 
peated doses  of  arsenic  affect  the  bone-tnarrow  by  causing  atrophy 
of  the  fat-cells,  dilation  of  capillaries,  and  increase  of  Icucoblastic  (not 
erythroblastic)  cells.  Pb,  P,  Hg,  etc.,  produce  the  same  changw. 
Large  doses  cause  hyaline  degencratinn,  and  lessen  the  crythnxytes 
and  hemoglobin  of  the  blood.  Arsenic  also  leads  to  thickening  of  the 
bones  and  filling  up  of  the  Haversian  canals,  which  may  possibly 
justify  its  use  in  rickets  (Gics,   1877), 

On  the  wluile.  there  can  be  no  doubt  that  in  some  cases 
the  early  use  of  arsenic  incmisrs  tfu-  rate  of  groicth  ami 
icci^lit  i^i  tho  animal;  in  detail,  causing  an  increase  in  nitro- 
gen metabolism  and  a  deposition  of  fat  and  an  increased 
strength  of  the  Ixsnes.  The  nutrition  of  the  skin  is  also 
said  to  be  especially  improved  by  it. 

It  is  used  quite  largely  m  veterinary  practice  to  give  the  coat*  of 
horses  and  cattle  a  bright  appearance.  Its  use  to  improve  the  com- 
plexion IS  not  rare.  The  people  of  certain  countries  —  the  mountain- 
ous districts  of  Silesia  —  use  it  to  secure  an  improremeut  \n  general 
health.  There  appears  lo  be  unimpeachable  evidence  thai  they  gradu- 
ally accustom  themselves  to  use  with  immunity  quantities  of  arsenic 
(to  0.4  Gm.)  which  would  produce  very  serious  toxic,  irritant  and 
cumitlative  effects  in  ordinary  individuals  ( Schaefcr.  1861 :  Knappe. 
1875).  Some  tolerance  to  the  fatal  action  probably  exists  also,  but 
is  not  so  very  large.  This  acquired  immunity  is  the  more  stfAnge 
since  it  has  never  been  attained  with  animals  (Hausmann,  19D.O. 
The  fact  that  the  corrosive  action  of  other  metals  can  to  a  large  extent 
be  lost  by  habituation  is  perhaps  suggestive,  but  it  is  impossible  to 
say  whetlier  the  two  phenomena  arc  connected. 


III.   ABSORPTION    AND    EX.CRKTION. 

Arsenic  is  very  readily  absorbed,  ever  from  the  unbroken 
skin.  Quite  a  number  of  cases  of  poisoning  have  occurred 
in  this  way  from  the  use  of  arsenical  cosmetic  prcparatii^ns. 
VVhen  it  is  injected  subcutaneously  the  diarrhea  often  set*! 
in  within  an  hour. 

It  is  excreted  by  all  the  excretions  —  urine,  feces,  sweat. 
milk,  and  epithelium  of  the  skin  ( Heffter.  1905). 

The  excretion  begins  in  i  to  8  hours  after  the  administration,  but 
lasts  for  a  long  time  —  3  to  10  days,  after  a  single  dose;  to  70  days 
when  it  had  been  given  continuously.  In  rabbits  urine  it  was  found 
for    120   days,    in   dogs'    for    160   days,    after   the   administration    wa^ 
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Stopped.  It  is  stored  in  all  organs;  not  especially  in  the  liver,  as  was 
at  one  time  claimed.  It  abo  passes  across  the  placental  circulation 
to  the  fetus.  It  is  just  as  toxic  when  injected  into  the  mesenteric, 
as  by  the  jugular  vein,  showing  that  the  liver  neither  neutralizes  nor 
retains  it.  It  is  less  toxic  on  hypodermic  injection,  since  it  enters  into 
more  slowly  dissociated  compounds  with  the  tissue  elements. 

A  very  stiiaJI  amount  of  arsenic  is  often  ntirmally  present  in  certain 
human  organs,  notably  in  the  thyroid  (.o.i6  mg.)  ;  also  in  the  thymus, 
brain,  and  skin.  It  appears  to  be  tied  to  the  nuclein.  None  is  found 
in  the  liver. 

This  arsenic  is  introduced  with  the  food  and  especially  the  drinking 
water.  (According  to  the  Kuyal  Commission,  i(>03.  the  quantity  of 
arsenic  in  food  should  not  exceed  Vioo  ^ain  per  pound,  or  in  liquids, 
per  gallon.) 

The  quantity  of  arsenic  normally  present  in  the  intestinal  canal  netvr 
exceeds  'A*  mg.     Larger  quantities  point  to  poisoning  (Gautier.  (Q04). 

Lower  Animals. —  Arsenic  is  toxic  to  all  animals  which  possess  a 
centra)  nervous  system ;  also  to  most  of  the  higher  plants,  hut  not  to 
all  the  lower  organisms.  Its  antiseptic  action  Is  comparatively  small. 
It  cannot  therefore  be  classed  as  a  general  protoplasmic  poison. 

Plants  and  cold-blood  animals  resist  arsenates  much  better  than 
arscnites,  wliilsi  warm-blooded  animals  do  not  show  this  difference. 
It  is  probable  that  the  arsenite  ion  is  the  more  toxic,  the  tissues  of 
warm-blooded  animals  reducing  arsenates  to  arsenites.  New-bom 
salamanders  show  a  very  great  tolerance. 


IV.  TOXICOLOGY. 

The  main  interest  of  arsenic  lies  in  its  tnxicology. 

1,  Etiology. —  Arsenic  was  at  one  time  used  very  ex- 
tensively for  criminal  poisoning,  especially  in  the  seven- 
teenth centnry.  An  Italian  woman.  Toffania.  carried  this 
science  to  its  greatest  refinement,  using  tinder  the  name  of 
"  Acqua  Toffana  "  a  mixture  of  ar.senic  and  ptnmains  ob- 
tained from  the  putrefied  juices  of  animals  poisoned  with 
ar.senic. 

At  the  present  time  arsenic  is  rarely  used  with  criminal 
intent,  the  most  frerptent  forms  of  poisoning  being  suicidal 
nr  accidental.  This  may  be  attributed  to  the  perfection  of 
the  chemic  means  of  detection,  wliicli  alloAv  of  the  discovery 
of  the  minutest  trace.'  .Accidental  peiisnntng  has  been  less- 
ened to  some  extent  by  requiring  the  preparations  of  ar.senic 
sold  at  retail  to  be  colored  either  with  lamp-black  or  indigo. 
so  that  they  do  not  have  the  innocent  appearance  of  a  white 
powder.  This  is  also  of  some  importance  in  ch'agnosing 
the  poisoning,  the  color  of  the  vomit  calHng  attention  to  it. 
But  accidental  and  suicidal  poisoning  is  still  very  common. 

'  A  very  drliratc  bioloiric  t«t  has  rcrtmllv  bern  announced,  dependinir  upon 
the  drvelopment  of  a  Karlic-Iikc  odor,  when  the  mo!d  Pmicillium  breviciute  Is 
■rrowTi  upon  an  arsenical  medium.  Quanltttes  as  «mall  a"  ri rt  ^°  Triu  ^ff-  °^  arsen- 
ioiis  acid   could    be  demonstrated   hy  its  acid    (Gosio,    Scholz.    1S99). 
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since  arsenic  is  so  extensively  distributed.  It  is  easy  to 
obtain  it  as  a  rat  and  fly  poison.  It  Is  frequently  used  in 
the  arts.  Paris  green  is  a  preparation  whose  sale  is  almost 
unrestricted.  A  great  many  of  the  cosmetic  preparations 
on  the  market  contain  arsenic  and  have  given  rise  to  acci- 
dents. The  use  of  arsenic  compimnds,  such  as  Schwcin- 
furth  green,  as  f^i^i^mctits  has  been  abs(jlutely  prohibited: 
hut  a  great  many  **f  tlie  coal-tar  dyes,  which  are  popular  at 
the  present  lime,  eni[)lov  arsenic  in  tlieir  preparation,  and 
very  frequently  this  is  not  entirely  removed.  Formerly 
ivall'popcr  dyed  with  arsenic  compounds  was  a  common 
source  of  arsenic  poisoning,  but  this  has  now  practically 
disappeared. 

The  arsenic  is  given  off  from  these  papers  as  dust  However,  im- 
dnuhted  cases  of  poisoning  have  also  occurred  when  the  arsenical 
paper  was  compii'ttly  covered  by  a  harmless  paper ;  in  these,  some 
volatile  arsenic  compound  must  be   formed. 

The  permissible  limit  of  arsenic  in  papers  is  placed  at  o.i  grain  per 
square  y;ird ;  bxit  this  is  probably  not  quite  harmless.  The  Bureau  of 
Cbcmisiry  of  the  L'nited  States  Department  of  Agriculture  has  analyzed 
a  number  of  papers  on  the  American  market  (Haywood  and  Warner, 
1904).  Over  90%  of  these  contained  less  than  0.046  grain  per  sqiurc 
yard,  and  are  therefore  safe.  Purs,  rugs,  and  fabrics  were  less  satis- 
factory. Black  stockings  particularly  often  contained  quantities  of 
arsenic  (above  0.01  grain  per  square  yard),  which  must  be  considered 
dangerous,  considering  their  intimate  contact  with  the  skin. 


The  fatal  dose  of  arsenic  is  upward  of  a  decig^ram. 

The  course  of  arsenic-poisoning  may  be  very  quick. 
There  is  a  fulminant  type  in  which  death  is  almost  imme- 
diate. The  usual  course,  however,  takes  from  eighteen  to 
seventy-two  hours.  In  some  cases  it  may  take  much  longer 
—  from  four  to  fourteen  days. 

2.  The  symptoms  have  been  sufficiently  discussed,  but 
will  bear  recapitulation.  In  acute  poisoning;  there  may  be 
a  sudden  collapse  witliout  other  symptoms.  Usually*  how- 
ever, the  symptnms  do  not  appear  for  from  one-half  to  one 
hour  after  the  arsenic  is  taken.  The  suspicion  of  the  pa- 
tient may  have  been  aroused  by  the  sweetish  astringetit 
taste  of  the  substance.  Almost  the  first  symptoms  arc 
vomiting  and  profuse  an<l  painful  diarrhea.  The  with- 
drawal of  water  from  the  borly  leads  to  great  thirst,  dr\'- 
ness  of  the  moutli  and  thnoat,  and  difficulty  in  swallowing 
and  artiailation.  The  urine  is  diminished  and  often  bloociy. 
The  excretion  of  the  arsenic  through  the  kidneys  will  pro- 
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duce  a  nephritis.  On  the  part  of  the  central  nervous  sys- 
tem there  are  vertigo,  lieatlache,  ami  pain  in  the  limbs. 
There  will  be  cyanosis  and  cold  exlreniilies.  Toward  the 
end  (Kcur  syncope,  coma,  clonic  and  tfmic  spasms^  and  a 
general  paralysis. 

In  the  subacute  poisoning  the  inflammation  of  tlie  mu- 
cous membrane  of  the  alimentary  canal  will  form  a  still 
more  prominent  symptom.  Inflammation  of  other  mucous 
membranes  also  becomes  conspicuous,  and  shows  as  con- 
junctivitis, coryza,  stomatitis,  salivation,  and  pharyngitis. 
Skin  erupti<jns  make  their  appearance  if  the  arsenic-poison- 
ing is  at  all  prolonged.  In  this  case  there  are  also  symp- 
toms arising  from  the  central  nervous  system,  as  well  as 
neurites. 

'^['he  diagnosis  of  acute  arsenic-poisoning  is  made  by  the 
violent  gastro-enteritis.  This  can  usually  be  distinguished 
quite  easily  from  that  produced  by  acids  and  alkalies,  by  the 
history  of  the  case,  absence  of  corrosion  in  the  mouth,  and 
furthermore  by  the  lesser  prominence  of  the  local  symp- 
toms. The  very  quick  onset  distinguishes  it  from  other 
metals. 

The  diagnosis  of  chronic  arsenic-poisoning  may  be 
somewhat  diOkult  because  the  symptoms  are  sometimes 
quite  obscure  or  resemble  very  closely  tliose  produced  by 
chronic  lead-poisoning.  There  is  some  difference  in  the 
electric  reaction  of  muscle  and  the  absence  of  the  blue  line 
on  the  gums,  which  are  characteristic  of  lead.  But  in  other 
cases  of  the  acute  or  chronic  form  the  chemic  examination 
is  the  only  absolute  means  of  making  the  diagnosis. 

3.  In  the  postmortem  examination  there  would  \yc  a  very 
pronouncefl  dryness  of  the  tissues.  The  emaciated  appear- 
ance of  the  body,  even  with  a  fair  anviunl  of  adipose  tissue, 
the  appearance  of  the  alimentary  canal  with  its  large  amount 
of  fluid  and  the  presence  of  shreds  of  mucus  and  false  mem- 
brane, with  usually  no  pronounced  corrosion,  are  charac- 
teristic' Microscopically  gastro-adenitis  and  cell  infiltra- 
tion arc  often  seen.  The  body  after  arsenic-poisoning  usu- 
ally putrefies  very  slowly  and  may  Ijecome  mummified, 
which  always  causes  a  suspicion,  although  it  is  not  at  alt  a 
proof  of  such  poisoning.  The  positive  proof  can  only  be 
furnished  by  the  chemic  examination.     It  must  not  be  for- 

>  Ser  pUles  49  atid  so  of  E.  r.  HoFmann:    AiIm  of  Legal  Medicine.  W.  B. 
Saunders   Co. 
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gotten  that  arsenic  is  frequently  introduced  into  the  body^ 
in  the  embahniiig  tUiiU. 

4.  l^eatment  of  Arsenic-poisoning.—  Acute  arsenic-poiscm- 
ing  is  best  treated  by  emetics  through  lavage  with  warm 
water,  or  purgation.  Frrri  Hydroxiditm  cum  Magncsii 
Oxido  (sec  Index)  was  long  considered  the  l>est  antidote, 
the  ferric  hydrate  and  iron  forming  a  coinpound  which  was 
<Ieeme<l  almost  insoluble.  De  Buscher  *  believes,  howe\*cr. 
that  the  compi>und  is  even  more  soluble  than  arsenous  acid. 
an<l  that  it  is  quite  ineffective.  So  also  is  hydrogen  sul- 
phid. 

Chronic  arsenic  poisoning  is  treated  Ijy  withdrawing  the 
cause:  the  same  measure  may  also  be  used  as  for  chronic 
lead  poisoning  (see  index). 

V.  THERAPEUTICS. 

As  to  the  therapeutics  of  arsenic,  it  has  some  local  usrs  * 
"which  will  he  <liscnssed  among  the  caustics.  Its  jystcmic 
action  Is  used  fur  tlie  improvement  f>f  nutrition  in  various 
cachetic  conditions.  Although  it  is  easily  imderstood  how 
it  may  be  of  benefit  in  these  cases,  its  actual  use  must  be 
entirely  empirical.  We  do  not  know  sufficient  about  the 
nature  of  these  conditions,  nor  can  we  pre<lict  the  action 
of  arsenic  with  sufficient  certainty,  to  be  able  to  foretell  its 
results.  It  is  usually  worthy  of  a  trial  in  such  cachetic 
conditions  as  malaria,  pernicious  anemia,  etc.  In  chlorosis 
it  seems  to  aid  the  iron  prqjarations.  but  does  not  act  alone. 
Its  use  ill  rickets  has  been  alluded  to  (p.  612).  It  has  l>een 
usetl  in  chorea  (rapidly  increasing  doses),  phthisis,  and 
asthma,  but  clinicians  disagree  as  to  its  value,  and  there 
is  no  scientilic  basis  for  its  employment. 

In  its  administration,  it  should  be  aimed  to  establish  a 
tolerance  by  begirming  with  small  doses,  and  gradually  in- 
creasing these  until  some  local  manifestation  of  the  arsenic 
appears  —  usually  diarrhea  or  conjunctivitis  or  swelling  <>f 
the  eyelids.  .-\s  soon  as  these  are  seen,  the  amount  must 
be  diminished. 


VI.   MATERIA  ^rEDICA  OF  ARSENIC. 
Solid  Preparations: 

Arscni    Tn'i'xJdtim    fU.  S.  P.>    lAcidum    Arscniosum,   B.  P.|. —  (Ar- 

senoLK  .^ci^^,   Arsenic  Trioxid.  White   .Arsenic) — .\sO».     White  poir-_ 
der.     or    glassy,    or    porcelain-like    masscv     Odorles«(     and     ta«el< 
Slowly  soluble  in   30   (glassy)   or   100   (powdered  or  porcelain)   parts 
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of  water:  in  15  boiling  water;  sparingly  in  alcohol  Freely  soluble  in 
hydrnchloric  add  and  alkalies.  Dose:  i  to  6  mg.  (V<*  to  Vu  gr.)  (3 
mg,  =  '/»gr..  U.S.  P.). 

Sodii  Arscnas  Cb'.  S.  P.).— Na,HAsO,  +  ^H.O.  Soluble  in  1.2 
water,  sparingly  in  alcohol.  Dosf,  as  for  the  preceding  (5  mg.  ^V» 
«r.,  U.S.  P.). 

Sodii  Arstnas  hxsiccatHS  (U.S.  P.). —  Na,HAsO».  Soluble  in  3 
■water.     Dose,  as  the  preceding  (3  mg.  = '/»  gr..  U.  S.  P.). 

Arscni  lodidum  tU.  S.  P..  B.  P.). —  Ash.  Orange  red  powder.  Sol- 
vable in  \2  water  (oartial  decoinposition),  j8  alcohol.  Dose,  as  the 
preceding  ^5  mg.  =  /«  gr..  U.S.  P.). 

*  Ferri  Arsenas. —  Insoluble.    Dose:  o.ooi   to  0.006  Gm.    (*/••  Xo  Vi« 

I .iquid  Preparations. —  All  contain  1%  of  the  arsenic  preparation  and 

have  ihc  doic  of  0.12  to  a6  c.  c.  <2  to  to  minims)    (0.2  c.  c.= 
3  n.  U.S.  P.) 
Liq.  Aeidi  Arsenosi  (U.S.  P.)   \L\q.  Arsenti  Hydrachlorici,  B.  P.]. — 
l^-^Mitains  as%  HO. 

Liq.  Potassil  Arscnilis  (U.S.  P.)    [Liq.  Arsenicalis,  B.  P-l. —  (Fow 
—  .^'1  Solution.) — Flavored  with  Tinct.  Lavand.  Co. 
Mti.  Sodit  Arsenatis  (U.  S.  P.,  B.  P.). 

-Wli'fl.  Arscni  ei  Hydrargyri  lodidi  (U.  S.  P.,  B,  P.). —  (Donovan's  So- 
r  -^'lOH.) — Contains   1%  of  each   lo.i  c.c.^iYj  m.,  U.  S.  P.). 

"^^Sodium  Cflforf.v/a/r.^(CHa)tAs.O(ONa).  The  arsenic  in  this 
pound,  as  also  m  cacodylic  acid  and  cacodyl  oxid,  docs  not  exist 
ifln.  and  docs  not  therefore  produce  the  arsenic  action  directly.  The 
aicr  pari  is  excreted  unchanged  by  the  urine,  but  a  small  proportion 
ronvcrted  into  arsenous  acid,  and  acts  as  such  (Schulz,  1879).  These 
pounds  arc  therefore  much  less  toxic  than  arsenic,  but  have  also 
^^  ■«"  «"C5pnndingly  smaller  therapeutic  actions.  Whatever  advantages  they 
*^*^^  ^-^  —  and  clinicians  arc  still  at  variance  as  to  the  superiority  over 
^^^  »nary  arsenic  —  must  be  due  to  the  slow  liberation  of  the  arsenic 
*  ^  ^ffter,  1901).  Since  this  occurs  readily  in  the  stomach,  the  caco- 
^Z_  ^^^  'c  should  by  preference  btr  used  hypodcrmically  or  intravenously. 
*^  ^=*  hypodermic  dose  of  sodium  cacodylatc  is  0.05  to  0.2  Gm.  (i  to  3 
^"^  »  »i5)  per  day.  It  is  a  white,  crj'stalline,  odorless,  and  tasteless  salt, 
*-*  ■  *  ^  sohible  in  water. 


VIT.  SELENIUM   AND  TELLURIUM, 

'lenium  and   Tellurium   resemble  arsenic   in  the  general   action   on 

.  <rapillane5   of   the    splanchnic   area.    They   also   affect    the   central 

^  -^'^^''""-^    system,    apparently    directly.     Tcllurates    arrest    perspiration 

'he  manner  of  atrnpin?),  and  ha\*e  been  recommended  for  this 

'  ;  but  they  impart  a  vcr>'  persistent  garlic  odor  to  the  breath. 

^,     -•■»•%.  urine,  and   feces,   even   in   a   quantity  as  small   as  0.00s   "ig- 

^^^"^     may  last   for  several   months  after  the  administration   is   stopped. 

*  _   *S      «^i)K»/1    hv    m^f hvl.f pMitrirl        Q.>li>n!iim    in    mnrf    tOxic   thaU    tcllurium 


iH 


4>ac      *^"**<^  ^y  rncthyl-telhirid      Selenium  is  more  t 
*-^r>ridniff  and  Gics.   IQOJ). 

.-Vorffi    Telluras. —  Na-TcO*. —  Dose:   0016   to   0.1 


_.  OS   Gm.    (J4   to   y^ 

^  oiirtdmm. —  According  to  Luzzato  ('1003)  poisonous  doses  of  VO» 
•JT  VBr»  cause  the  usual  anatomic  lesions  of  metals  in  the  kidneys, 
"^tr,  ipiesiine.  .ind  stomach.  No  lesions  are  found  in  the  central  ner- 
voiis  fy«tem.  The  blood  pressure  is  raised,  .iiid  the  excitability  of  the 
np»s  18  depres'icd.     Death  occurs  through  respiratory  paralysis.     Vana- 
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dium  is  said  to  act  as  an  alterative,  somewhat  like  ari^enic,  increasing 
the  hemoglobin  and  red  blood  cells.  It  has  therefore  been  recorti- 
TTiended  in  tuberculosis,  it  has  also  been  used  in  diabetes,  with  the 
claim  that  it  reduces  the  excretion  of  sugar  to  a  half.  The  statement 
needs  cnnfirmation. 

*  Lit  hit  t'anodas. —  Dose:  4  lo  5  mg.   (Vt»  to  Via  grain)  per  day, 

*  SoJii  Meia-xanadas. —  White,  almost  tasteless  powder,  soluble  in 
water.  Dose:  \  lo  8  mg.  {V«  to  %  grain).  According  to  Jardin 
(1905)1  it  lessens  assimilation  and  increases  protcid  destruction. 

*  yanadium  Chlorid  or  Bromid. —  Dose  to  30  mg.  (^  grain)  per  day. 


IV.  ANTIMONY. 

1.  The  actions  of  antimony  bear  a  close  resemblance  to 
those  of  arsenic.  The  clifFerence  lies  in  a  greater  loca!  irri- 
tation ami  a  nuich  lesser  absorption.  Consequently,  tchcn 
givcu  by  the  mouth,  closes  can  be  chosen  whose  only  action 
is  that  of  producing  nausea,  or  if  somewhat  larger,  vomit- 
ing,^ If  injected  into  the  circulation,  or  if  given  in  over- 
doses, it  produces  precisely  the  same  effects  as  arsenic,  biit 
vomiting  is  always  a  prominent  phenomenon,  the  poison  l)e- 
ing  rapidly  excreted  into  the  alimentary  canal.  Small  doses 
long  continued  lead  to  a  train  of  symptoms  of  subacute 
poisoning,  entirely  analogous  to  those  produced  by  arsenic 
in  the  same  manner  ( Gaehtgens.  1876 ;  Soloweilschvk. 
1880). 

The  treatment  consists  in  giving  eggs,  milk,  and  tannii^j 
(tea,  etc.).  or  in  its  absence  magnesia. 

Applied  to  the  skin,  the  chlorid  is  a'strong  caustic. 
double  tartrate  of  antimony  and  potash  (tartar  emetic)  pr< 
duces  a  pustular  eruption.     This  is  due  to  the  decompt>' 
tion  of  the  double  salt,  which  is  but  slightly  irritant,  by  • 
acid    secretion    of   the    follicles   into   more   irritant    sim 
salts. 

2.  Therapcntically  the  tartar  emetic  is  the  salt  most  i 
quently  employed  infernally.     As  an  emetic  it  has  fallen 
of  favor,  its  action  being  too  slow  and  to(.">  depressing, 
a  naiiseant  it  has  advantages  over  all  other  metals,  since 
dose  required  for  this  is  only  about  one-tenth  of  that  w 
produces   vomiting.     The    sulphid   is   preferred   by   so 
since  this  dissolves  much  more  sJowly.  and  therefore  ha 
more  lasting  action.     Antimony  preparations  are  usefu' 
[diaphoretics  and  expectorants  (see  pp.  312  and  518). 

For  local  uses  see  Chapter  XXVill. 

•Not  officiaL 
^  Exercise  30. 
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MATERIA  MEDICA  OF  ANTIMONY. 

Solid  Preparations: 

.'tniiffwnium  SiRrum  Punficaluik  (B.  P.). —  Sutphid  (Trisulpliid)  of 
Antiuumy  {Black  Antimony). —  StiaSj.  The  native  sulphid,  purified  by 
washing  with  ammonia  water.  Insoluble  black  powder.  Used  only  in 
ihc  preparation  of  the  other  compounds. 

Antimonium    Suiphuratum    (B.  P.). —  (Kermts    Mineral.) —  Consists 
chiefly   of   SbjSi   with   a   small   amount   nf   ShiOj.     ^Tarle   hy   dissolving 
SbsSa  in  NaOH  and  precipitating  with  HsSO..     Insoluble  reddish  pow- 
I        der.     D^sc:  o.oi   to  O.oC  Gm.   ( !/6  lo  I  grain). 
L  Thi*  is  contained  in : 


Grains. 


b 


Pilul<e  Antimonii  Composita:  {Piummer's  Pill) : 
Each  pill  contains : 

Grams. 

Sulphurated  Antimony   0.04 

Calomel    O.04. 

Guaiac    0.08 

Dose:   i   to  3. 

Antimonii  Oxidum  (B.  P.). —  SbjO..  A  gray  powder  obtained  by 
precipitating  antimony  chlorid  with  water,  and  treating  with  Na,COi. 
Dose:  0.06  to  0.^4  Gm.   ( i   10  4  grains). 

Antimonii  et  Potassii  Tartras  (U.S.  P.)  [Antitttonium  Tartaratum. 
B.  P.].— Tartar  Emetic  {Tartarus  Slihiatus). ~2KiShO)CMiO*  4- 
HtO-  White  crystals  or  powder,  prepared  by  treating  SbjO;.  with  acid 
polas!?ium  tartrate  :  Soluble  in  15.5  parts  water,  insoluble  in  alcohol. 
Dose:  0.006  to  0.0,1  Gm.  (Vi»  to  ^^  grain)  for  Expectorant  and  Dia- 
phoretic (5  mg. ^^7.«  gr.,  U.  S.  P.)  :  0.06  to  0.12  Gm.  (1  to  2  grains) 
for  Emetic  (30  mg.  =  »'i  gr.,  U.S.  P.), 

Liquid  Preparations: 

I'inum  AntimoHii  (U.  S.  P.)  [I'inum  AntimonlaU.  B.  P.]. —  0.4% 
Tartar  Emetic  (3i  ^gr.  ij).  Dose:  Expectorant,  0.3  to  2  c. c  (5  to  30 
jninims)    (i  c.  c  =  i5  T\,  U.S.  P.);  Emetic,  4  to  15  c.  c.  (3j  to  »v). 

Syrutus  SciUct  Compositus  (U.  S.  P.)    (Hive  SyntP)  ; 

Contains:  In  100  c.  c. :  In  .5j:  In  2  c.  c. : 

Squills    8.0  Gm.  4  grains.  0.16  Gm. 

Senega   8.0   "  4       **  0.16   " 

Tartar   Emetic.  0.2    "  J^  grain.  0.004  Gm. 

Used  especially   in   whooping  cough.     Dose:  0.3  to  2  c  c.    (5   to  30 
-■ninims)    (2  c.  c.  =30  HI,  U.S.  P.). 


V.  URANIUM. 

This  is  one  of  the  most  poisonous  of  metals.  The  tiraiiitim  salts  are 
'Very  corrosive,  and  are  in  ron.scquencc  readily  absorbed  from  the  ali- 
»nentar>*  canal.  Their  action  resembles  that  of  arsenic,  hut  in  addi- 
tion they  lessen  internal  respiration  after  the  manner  of  hydrocyanic 
^cid. 

The  symptoms  of  poisoning  include  a  severe  gastroenteritis,  with 
^cchymoses.  Degeneration  of  the  walls  of  blood-vessels  and  of  organs 
«Dccurs.    TlKre  is  a  strong  nephritis;  the  amount  and  specific  gravily 
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of  the  urine  arc   increased,  and   it  contains   sugar  and   albumin, 
glycosuria  is  probably  an  expression  of  the  "  internal  asphyxia." 

The  metal  has  no  therapeutic  indications. 

*  Uranium  Nitrate  — VO^iNO,)^  Soluble. 


The 


VI.  BISMUTH. 

If  a  soluble  bismuth  salt  is  injected  directly  into  the  Mood,  it  pro- 
duces the  arsenic  phenomena  on  blood-vessels.  There  is  perhaps  also  a 
direct  involvment  of  the  central  nervous  system  and  deprcssinn  of  the 
vasomotor  center.  The  hcart-muscle  is  also  depressed.  The  blood 
pressure  sinks,  therefore,  very  rapidly  (Meyer  and  Steinfcid,  1885). 

Bismuth  forms  a  black  and  very  insoluble  sulphid.  Since  H»S  i» 
always  present  in  the  large  intestine,  tht'  feces  are  always  colored  black. 
When  the  bismuth  is  in  the  blo<»d,  the  precipitation  may  occur  in  ihe 
vessels  of  the  large  intestine,  and  lead  to  capillary  embolism,  and  this 
to  ulceralion.  Therapeutically,  the  avidity  for  H^S  serves  10  remove 
this  irritant  from  the  intestinal  canal,  and  the  benefits  of  bismuth  may 
be  due  to  this,  in  certain  cases. 

Soluble  bismuth  salts  are  also  quite  corrosive. 

These  toxic  effects  may  be  produced  by  comparatively  small  doses 
of  soluble  bismuth  salts,  taken  by  the  mouth;  the  bismuth  being  ab- 
sorbed in  virtue  of  its  corrosive  action.  The  intact  intestinal  mucosa 
does  not  absorb  bismuth  to  any  considerable  degree,  so  that  the  small 
amount  which  is  brought  into  solution  by  the  gastric  juice  when  the 
insoluble  basic  salts  are  given,  is  quite  harmless.  These  basic  burawth 
compounds  may,  however,  be  absorbed  in  sufficient  quantity  to  produee 
ti'isoniitg,  if  they  are  applied  to  extensive  uound  surfaces.  The  si.»Iu- 
Dle  bismuth  salts  have  no  therapeutic  use :  they  lack  entirely  the 
qualities  which  make  the  basic  salts  so  valuable. 

Basic  (Oxy)  Bismuth  Salts. —  These  occur  as  very  fine 
powders,  absolutely  iusolublc  in  water,  and  very  sparingly 
soluble  in  the  bi_idy  fluids.  They  have  a  marked  heal- 
ing effect  when  ditsted  on  wounds  and  on  inflamed  mucous 
surfaces.  Applied  to  wounds,  they  cause  a  drying  of  the 
secretions  and  form  a  protective  covering,  so  that  the 
wound  heals  as  under  an  aseptic  scab.  This  action  is 
partly  mechanical,  due  to  the  stoppage  of  the  lymph-  and 
blood-capillaries  by  tlie  fine  particles  of  the  powder. 
Otlier  indifferent  substances  in  an  equally  fine  state  of 
subdivision  have  a  similar  action.  However,  a  small 
amount  of  bismutli  undoubtedly  goes  into  solution,  and 
aids  by  exerting  an  astringent  and  mild  antiseptic  ac- 
tion. The  subnitrate  of  bismuth  especially  is  used  as  a 
dusting  powder  or.  as  in  the  case  of  the  urethra,  by  inject- 
ing a  suspension  in  thin  mucilage.  In  the  alimentary  canal. 
the  basic  bismutli  salts  act  not  only  in  the  manner  indicate*!, 
but  also  by  neutralizing  excessive  aciditj'  and  by  precipi- 
tating hydrogen  sulphid.     The  combination  of  these  actions 
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res  these  preparations,  either  the  subniirate  or  sui)car- 
nate.  very  useful  fur  checking  diarrhea,  and  sometimes 
ainst  vomiting.  If  there  is  excessive  intestinal  pulrefac- 
n.  they  are  best  given  in  conjunction  with  an  intestinal 
tiseptic,  such  as  salol. 


MATERIA    MKDICA. 


Brious    substitutes    have    been    proposed    for    the    cst;ihlished    sub- 
-atc   and   subcarbonatc,   but  it   may   be  doubted   whether  ihcy   have 
;;  advantage. 
The    subgallatc    (Oermatol)    and  other   basic    organic    snlls.   a«i   nUo 

albuminate  and  pcptonatc.  have  been  intniduced  as  duAlitiK  ih>w- 
•5.  In  view  of  the  non-corrosive  character  of  tlie  ordinary  ^nb 
ntc.  it  IB  diflicuU  to  sec  in  what  they  could  Ik  superior.  An  lodi/rd 
hduct  of  the  subgallaie  is  marketed  under  the  name  of  Atrol;  the 
in  may  perhaps  increase  the  antiseptic  power  somewliat. 
rbcre  is  rather  more  reason  for  the  pruducts  in  which  the  bitimuth 
combmcd  with  phenols.  The  latter  arc  split  off  in  the  intestine, 
tact  there  as  efficient  antiseptics.  These  compounds  <  with  phenol), 
'  romphenol  (xcroform)^  with  betanaphihol  iorphot),  etc.)  are 
refore    especially    useful    against    putrefactive    diarrheas ;    but    it    i» 

btful    whether    they    have    much    advantage    over    simple    mixlurrs 
the  sulinitrate  with  intestinal  antiseptics   (saiol). 

Bsoluble  Salia,— i?o*^:  o..^  to  2  Gm.  (5  to  .10  grams).  (Wliiie 
H  powders,  tasteless,  and  odorless.)  Incompatible  with  acid*  and 
■  alkalic5- 

i&mi»/Aj  Suhcarbofias  ( V.  S.  P..  B  P. ).—  ^  BiO ),CO,  +  j-HtO.  Pre- 
*J  by  pouring  a  solution  of  Bi(?CO.),  into  Na«CO>   (o.^  Cjm.  =  7J^ 

L'.S.  P  ) 
Immuihi  Subnilras   (V.S.P.,    B.  P.).— BiONO,  +  j-II/5       Prepared 
>«uriDg  a   solution   of   Bi^NO.^i  into   water    (05   Gm.  =  7i^   gr».. 
-PI 
^muthiCitras  (U.  S.  P.)-— BiCHtOr.     Treating  bismuth  aubnitratc 

crtric  ajcid  (or2S  Gm  ^j  gr»,  l'  S  P  » 
•^maihi  Suhgallaj   (U.  S.  P.).— (/)rrmtf/W.)— Yellow  vow4er.    OJS 

^mmthi  SmhjaJur^  (U.S.  P.)  [Biimuthi  SalicyUi,  B.  F  ].— a^S 
==4  ^.  U.  S-  P. 

a^  ^tntotuhif  ofgcmc  (omp<ruM4$  ct  biaimilb  {Airof.  PhtHoU 
^mik.  Orpkol.  Xftofftrm,  etc)  are  taatele—  and  odoHc*i  pcmdert. 
*«  intcxukd  for  imemU  osc  arc  gnm  m  datti  of  oj  to  t.  Gma. 
P    15  cram* )  per  day. 

^■rtfi  Pii— th  Salta  mad  Tbcir  PreymtlMH^  Tlir  value  rA 
Kaoath  prepaniMfM  bca  preetMly  in  tbcir  fparioc  lolvfcUifir.  m 
Clat  the  lolknmzc  are  not  taoNific: 
^^mmiki  /f  Amm^u  Ofis  fT  S).— ttiiwurti  Otrato  diaaolred  m 
nd  '-"  '  '  scaler  Vrrr  udwMt!  io  water.  ip«>iBgl|  hm 
Omt  t  Gm.   '2  tr.  z  graiM), 

"fitm .  1^  I  —  1 5^  r  ,:r3i(  «f  Pfiwiali  «U  Anaimiili 

LiSHtar  £*  WwiMii  CkratU  (BL  P.)^— ZImv:  S  Iff  4  ec 
I  dracS«> 
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VII.  IRON. 

I.  SUMMARY  OF  ACTIONS. 

T.  An  increased  formation  of  hemoglobin,  resulting  in 
improved  tiutnfion.  pnxluced  in  certain  fdnns  of  aneinia.. 
but  not  in  normal  individuals. 

2.  An  increase  of  the  resenr  stock  of  iron  in  the  body. 

3.  A  local  astringent,  styptic,  irritant,  or  corrosive  actioT 

4.  An    arjcnic'oction     when     tlic    sails    arc     injcctfd    itilratvmou^c- 
(preparations  which  do  not  precipitate  the  scnim  proteid^)   or  si 
taneously;  or  wheii   corrosive  preparations  are   introduced   in  th« 
mentary  canal.     When  iron  is  suddeidy  introduced  into  the  circuUtt 
in   this   manner,   it   is   almost  as   toxic  as   arsenic    (Jacobj.    188;  > 
medicinal  doses,  iron  is  not  absorbed  in  suflaciem  amotim  10  ^how  il 
action,  even  in  the  slightest  degree. 


9-y 


II.    THE    ABSORPTION.    EXCRETION,    AND    METABOU 

OF  IRON. 

The  invest i(fations  of  Tartakowski  ( 1^3  and  I'XM)  have  s^*' 
several  disputed  questions  in  this  subject,  and  necessitate  a  re.: 
of  the  theories  which  prevailed  when  the  first  edition  of  ihty  1* 
was  publi*'hed.  The  absorption  and  assimilation  of  iron  ha^  been 
of  the  great  "  Strcitfragen "  of  pharmacology,  which  deserve*  to 
studied  as  illustrating  the  general  cotir^  of  investigating  a  dif)K 
problem,  as  well  as  for  its  practical  bearing. 


All   compounds   of   iron,    when    introduced   in    Ihc  ^ 
metitary  canal,  are  first  converted  into  lcM:>se  organic  c 
pounds  (probably  with  proteids).  in  which  form  they  a 
absorbed  from  the  entire  surface  of  the  intestinal  canaK  V 
particularly  from  the  duodenum.     A  part  generally  csca; 
absorption   and    is   eliminated    with    the    feces.     T'        "^^ 
which  is  absorbed  penetrates  the  epithelium  in  a  '1' 
condition,  and  passes  through  the  stroma  into  the  lactca*  * 
and  from  here  to  the  mesenteric  lymph  glands  and  lhn>ii^ 
the  thoracic  duct  into  the  blood.     In  the  lympli.  the  ir*"* 
exists  partly  in  solution  in  the  plasma,  and  partly  in  t^* 
lymph  corpuscles,  often  in  granule  form   (  ferrocyies).      ^' 
is  probable  t!»at  a  part  of  the  iron  is  also  abs<-)rl>cd  by  th^ 
capillaries   and    carried    directly    to   the   liver.      From  thf 
blood,  the  iron  is  <leposited  as  granules  in  an  easily  decocn- 
posed  organic  form  (ferratin)  in  the  cells  of  the  hemat'> 
poetic  organs,  in  the  liver  and  red  marrow,  and  particulaik 
in  the  spleen,  to  a  less  extent  in  the  kidneys.     In  this  fonn 
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it  remains  until  it  is  used  or  excreted.  The  excretion  is 
not  perfectly  understood,  but  it  occurs  mainly  by  the  cells 
of  the  intestinal  tract,  as  a  firm  organic  conipoutid.  Traces 
are  also  excreted  in  the  urine,  bile  and  gastric  juice. 

The  utilization  of  the  iron,  its  transformation  into  hemo- 
globin, occurs  only  as  needed,  so  that  the  total  quantity  of 
hemoglobin  never  rises  above  normal.  The  same  is  prob- 
ably true  of  its  utilization  by  other  cells.  An  excessive 
absorption  of  iron  results  merely  in  an  increase  of  the 
reserve  stock. 

The  administration  of  iron  is  therefore  useful  only  in 
those  conditions  in  which  the  normal  income  or  the  assimi- 
lation of  iron  are  deficient. 

There  is  at  present  no  conclusive  evidence  that  different 
forms  of  iron  have  a  different  fate  in  the  body ;  the  indica- 
tions are  rather  that  they  behave  exactly  alike. 

Orgmnic  and  Inorf^anic  Iron. — To  uriderscand  the  discussion  one 
must  have  a  clear  conception  of  the  terms  "  inorganic  "  and  "  organic  '* 
iron,  htorgamc  iron  prcparaitons  contain  the  metal  in  ion-form:  1.  e., 
the  iron  can  be  separated  from  them  by  electrolysis;  and  they  give  the 
ordinary  iron  reactions  (with  ammonium  sulphid,  ferrocyanid.  or  hemo- 
toxylin)  without  preliminary  treatment  of  any  kind.  It  is  immaterial 
whether  the  iron  is  combined  with  an  organic  or  inorganic  anion. 
Even  the  albuminate  of  iron  is  considered  as  "  inorganic  "  in  this  sense. 
Organic  iron  preparations,  on  the  other  hand,  contain  the  metal  as 
a  constituent  part  of  the  molecule,  in  a  non-dissociable  condition,  so 
that  they  do  not  give  the  iron  tests  until  the  metal  has  been  liberated 
by  the  decomposition  of  this  molecule.  There  are  all  degrees  in  the 
firmness  of  the  orcjnnic  combination:  some  nre  decomposed  by  dilute 
acids  (ferratin,  the  graruiles  in  which  the  iron  reserve  is  stored  in 
the  «iplcen,  liver,  etc.);  m  others  (hemoglobin*  and  the  iron  of  food) 
nothing  ^hort  of  combustion  or  heating  with  concentrated  acids  will 
liberate  the  iron. 

Historical  Summary,— Even  the  ancients  employed  iron  in  the 
treatment  of  anemia;  drinking  water  in  which  swords  had  been  al- 
lowed to  rust.  It  is  very  likely  that  they  were  led  to  do  so  by  an 
obscure  idea  that  the  strength  of  the  steel  would  in  some  way  pass 
into  the  patient.  With  the  discovery  of  the  presence  of  iron  in  the 
blood,  the  therapeutic  results  seemed  to  be  easily  explained  on  the 
assumption  that  the  iron  is  absorbed  and  converted  into  blowl.  much 
as  the  nitrogen  of  food  is  converted  into  muscle.  The  earlier  experi- 
ments, however,  failed  to  show  any  absorption  of  the  medicinal  iron 
preparations.  This  led  some  observers  to  consider  the  clinical  results 
obtained  with  iron  as  largely  imaginary:  whilst  others  (especially 
Bunge,  1885)  were  inclined  to  attribute  them  to  the  local  actions  of 
iron  on  the  alimentary  canal. 

There  could  never  be  any  question  as  to  the  absorption  nf  food-iron, 
for  the  hemoglobin  increases  with  the  growth  of  the  animal,  The 
<ame  holds  true  for  certain  organic  irons,  and  MacCallum  (1894)  and 
Hall  (1896)  studied  this  absorption  by  microchemic  methods.  The 
absorption  of  inorganic  iron  was  also  proven,  but  the  latter  result  was 
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and  dilute  hydrochloric  acid.     Only  the  inorganic  and  the  loosely  com- 
bined organic  iron  is  revealed. 

The  experiments  are  made  on  animals  with  different  diets,  or  fed 
on  iron,  for  varying  period:*.  The  absorption  of  the  iron,  and  its 
deposition  in  the  hcmatopoctic  organs  can  be  followed  in  this  way, 
cading  10  the  concUisions  detailed  on  page  diZ. 

Reserve  Stock  of  Iron.— Animals  on  an  ordinary  diet  lay  up  a 
considerable  reserve  stock  of  iron,  as  loose  protcid  compounds,  espe- 
cially in  the  spleen.  This  reserve  disappears  gradually  when  a  diet 
poor  in  iron  is  given,  or  when  there  in  an  extraordinary  use  of  iron, 
as  after  hemorrhages,  or  during  pregnancy  (.when  considerable  iron 
is  transferred  to  the  fetus j.  The  deposits  increase,  on  the  other  hand, 
when  the  iron  of  the  food  is  increased.  If  the  lymph  is  made  to  flow 
off  through  a  fistula  of  the  thoracic  duct,  the  nicrease  uf  the  iron  con- 
tent of  the  spleen  does  not  take  place  (.Gaivlc,  1896)  ;  this,  together 
with  the  increased  iron  conlein  of  ihe  mesenteric  lymph  glands,  indi- 
cates that  the  iron  is  largely  absorbed  through  the  lymphatic  system. 
(The  "liver"  of  mollusks  also  accunvulatcs  a  stock  of  iron.) 

Excretion  of  Iron.—  The  chemical  data  have  proven  that  iron  is 
excreted  principally  by  the  cells  of  the  alinientao'  canal.  The  cells  of 
the  large  intt'sttnt'  show  a  particularly  strong  iron  reaction,  granules 
occurring  especially  toward  the  fundus  of  the  crypts.  This  was  sup- 
posed to  indicate  that  the  iron  was  in  pnxess  of  excretion,  especially 
since  the  reaction  could  be  obtained  for  a  considerable  time  in  starva- 
tion. It  has  been  shown,  however,  that  the  reaction  fails  when  the 
access  of  food  is  prevented  (by  a  Thiry  fistula).  The  scanty  secretion 
which  occurs  in  this  isolated  segment  does,  however,  give  an  iron  reac- 
tion after  incineration.  This  forces  to  the  conclusion  that  the  iron  is 
excreted  in  very  firm  organic  combination-  and  that  the  loosely  bound 
iron  in  the  cells  of  the  large  intestine  is  really  in  process  of  absorption. 
It  is  not  known  whether  any  of  the  excreted  iron  can  be  reabsorbed, 
or  whether  the  iron  which  is  liberated  dnring  the  destruction  of  red 
corpuscles  can  he  ntili;:cd  again;  the  impossibility  of  producing  severe 
anemia  in  adult  animals  by  limiting  the  iron  of  the  food,  indiitxtes  that 
the  iron-stock  may  he  usi'J  srvrral  timrs.  But  a  considerable  portion 
is  undoubtedly  lost  by  the  feces. 

Assimilation  of  Iron. —  It  would  be  quite  conceivable  that  the  ab- 
sorbed iron,  parlicularly  the  inorganic  preparations,  were  of  as  little 
use  to  the  organism  as  the  particles  of  solid  carbon  which  are  absorbed 
T)y  the  lungs.  It  had  to  ne  shown,  therefore,  thai  the  iron  can  be 
actually  assimilated  and  converted  into  hemoglobin.  This  could  not 
1>c  done  on  normal  .inimals.  because  the  normal  income  of  iron  is 
amply  sufficient  for  all  the  needs  of  the  organism;  an  excess  has  no 
iefFect  whatever  on  the  hemoglobin.  The  animals  must  be  reduced  to  a 
cnndilion  in  which  the  needs  exceed  the  ordinary  income.  In  young 
and  actively  growing  animals,  this  may  be  secured  by  a  diet  poor  in 
;iron  (milk  and  riceV  Tliis  produces  a  progressive  fall  of  thr  per- 
icentage  of  hemoglobin,  and  the  animals  become  emjiciated  and  (io  not 
idevrlop.  .\s  soon  as  iron,  in  anv  form,  is  added  to  the  diet,  the  animals 
»ccnver  very  rapidly.  It  must  therefore  he  concluded  that  all  forms  of 
iron  can  he  as'iimilated  The  same  result  is  obtaired  with  adult  ani- 
imals.  The^e  cannot  he  rendered  markedly  anemic  hv  an  iron-poor 
idiet;  by  drawing  on  their  reserve  slock,  and  possibly  by  utilizing  the 
ftron  several  times,  they  can  keep  up  an  almost  normal  percentage  of 
fcemoglobin  for  a  considerable  period.  They  can.  however,  he  ren- 
dered anemic  by  hemorrhage.  Even  a  rather  severe  single  hemorrhage 
is  rapidly  recovered  from  on  a  milk  and  rice  diet:  but  when  several 
Vicmorrhages   have  been   made   and    the   iron   reserve   has   become   ex- 
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hausted,  recovery  occurs  only   when  iron   (in  any   form)    is  added  to 
this  diet. 
Does  Inorganic  Iron  Stimulate  the  Bone  Marrow?  —  The  earlier 

experiments  seemed  to  indicate  that  inorganic  iron  only  increased  the 
hemoglobin  when  it  was  given  in  conjunction  with  organic  iron;  it  was 
therefore  assumed  that  it  could  not  be  assimilated,  but  that  it  stimu- 
lated the  blood  forming  organs.  The  above  experiments  remove  the 
need  for  this  theory,  which  has  no  longer  any  experimental  iounda- 
tion. 

Synthesis  of  Hemoiflobin. —  Tlie  conversion  of  iron  into  hcmoglobia 
is  perhaps  the  only  known  instaiKe  of  the  synthesis  of  a  proteid  from 
a  strictly  inorganic  compound,  in  the  animal  organism. 

Local  Actions  of  Iron  on  the  Alimentary  Canal. —  The  inorganic 
salts  of  iron  produce  an  astringent  tlTcct,  which  may  conceivably  sup- 
port their  other  actions,  by  improving  digestion.  There  is  always  dan- 
ger, however,  that  the  useful  action  passes  into  irritation,  and,  in  facu 
iron  causes  tliigestive  distnrbance  (especially  constipation)  more  often 
than  improvement  It  may  be  useful  in  fixing  sulphuretted  hydrogen 
when  this  is  present. 

The  administration  of  iron  does  not  cause  renal  irrUatton. 

Effects  on  General  Nutrition. —  Whilst  these  are  doubtless  mainly 
the  indirect  result  of  the  increase  of  hemoglobin,  it  must  not  be  over- 
looked that  iron  forms  a  constituent  of  most  cells,  and  some  of  its 
effects  may  be  direct;  but  its  importance  in  this  connection  is  difhcalt 
to  estimate.  The  majority  of  organisms  require  some  iron,  even  thost 
which  do  not  form  hemoglobin.  (The  blood  of  some  invertebrate  oni- 
mais  contains  copper  or  manganese  in  place  of  iron.) 
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Ul  THERAPEUTICS  OF  IRON. 

1.  In  Anemia. —  The  administration  of  iron  would  be 
useful  in  all  conditions  in  which  the  need  for  iron  exceeds 
its  income;  conditions  which  are  characterized  by  a  low 
percentage  of  hemoglobin,  and  by  the  general  clinical  pic- 
ture of  anemia. 

It  does  not  follow,  however,  that  iron  will  be  beneficial  in  e\'ery  case 
of  anemia:  on  tht  contrary,  it  is  to  be  expected  that  it  will  be  tiselcM 
when  the  as<,imilation,  rather  than  the  increase  of  iron,  is  deficient.  In 
perniciout  anemia,  f{>r  instance,  a  most  severe  destruction  of  cor- 
puscles is  accompanied  by  a  conspicuous  increase  of  the  reserve-iron  of 
the  spleen.  A  further  supply  of  iron  would  be  valueless,  as  has  been 
confirmed  by  clinical  experience. 


The  plainest  indication  for  iron  is  furnished  by  the 
anemia  prnduce<l  by  severe  or  repeated  hemorrhage.  In- 
fantile anemias  are  often  traceable  directly  to  a  deficient 
iron  content  of  the  food,  and  would  be  greatlv  benefited 
by  iron.*  Some  cases  of  simple  anemias  in  adults  may  also 
be  due  to  this  cause. 

•  Thi»  will  he  the  cMe-  npcctally  when  the  infuii  U  lirpi  too  long  on  «» 
cxchi»irc  millc  dirt.  It  may  also  be  favored  by  nn  inferior  quality  of  milk: 
whiUt    normal    human    milk    coniaina    3.5    to    y  .1    mg.    of    irun    per    liter    (f 


per    liter    (mMfl 
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Most  instances  of  anemia,  and  especially  chlorosis,  cannot 
be  attributed  tlirectly  to  deficient  irtjn-iiiciniie;  but  never- 
thelesSf  the  administration  of  iron  secures  very  brilliant 
results.  It  must  therefore  be  supposed  that  conditions 
exist  in  these  diseases,  which  demand  an  extraordinary 
income  of  iron  to  keep  the  hemoglobin  normal. 

Iron  in  Chlorosis. —  A  complete  explanation  of  the  action  of  iron  in 
chlorosis  can  only  be  furnished  when  the  fathology  is  unilerstood. 
This  is  not  the  case  at  pre«ieni;  little  is  known  beyond  the  fact  that 
the  hemoglobin  \^  decrea^^ed  much  more  than  the  number  nf  cor- 
puscles, and  that  the  excretion  of  iron  by  the  urine  is  nearly  normal.' 
Even  the  question,  whether  the  reserve  stock  of  iron  is  altered,  does 
not  seem  to  be  decided.  Digestive  disturbances  are  often  present,  but 
they  may  be  secondary  or  accidental. 

Our  kni>wledge  of  the  ftiology  is  equally  unsatisfactory.  It  has  in- 
deed been  shown  by  Stockmann  that  the  diet  of  cldornlic  girls  is  often 
very  poor  in  iron  (containing  j.8  to  3.2  mg.  per  day,  instead  of  the 
normal,  6  10  14  mg).  But  this,  as  well  as  other  unhygienic  conditions, 
can  only  be  considered  as  contributory  factors,  since  many  persons  are 
subject  to  these  conditions,  whilst  chlorosis  is  confined  to  females 
about  the  age  of  puberty. 

The  treatment  is  much  more  successful  than  might  he  expected. 
The  adminiitration  of  irun  holds  the  first  place.  This  should  Ix*  sup- 
plemented by  proper  hygiene  —  good  air,  rest,  suitable  diet,  stomachics, 
attention  to  the  bowel*  (aloes),  etc.  Arsenic,  phosphorus  or  manga- 
nese are  often  used  in  addition  to  the  iron:  it  is  difficult  to  judge  of 
their  value. 


Adminiatration. —  The  objects  to  Ije  kept  in  mind  are: 
to  administer  a  maximum  of  iron,  with  a  minimum  of 
digestive  disturbance.  The  latter  object  can  he  best  met 
by  food-iron  or  organic  iron.  However,  it  is  impossible 
to  introduce  larg^e  quantities  of  iron  by  the  food:  and  the 
organic  iron  preparations  ( heTn(!globin,  ferratin.  iron- 
somatose.  etc.)  arc  rather  expensive.  Of  the  inorganic 
iron  preparations,  the  least  irritant  are:  re<hice<l  iron  (as 
powder  or  pills),  and  the  carbonate  or  sulphate  (as  pills). 
Ferric  chlorid  (tincture)  is  gfeuerally  given  when  a  fluid 
form  is  desired.  The  incompatibilities  of  iron,  especially 
with   tannin,  must  lie  remembered. 

The  dose  is  to  be  re^dated  by  the  experience  in  each 
case.     When  it  is  badly  born,  a  change  to  another  prepara- 

5  mg).  that  of  unhealthy  mothers  i»  poorer  in  iron;  and  artificial  infant  foods 
rencrally  contain  onjy  1.4  to  2.6  mit.  tt  is  conceivable  that  deficiencies  in  the 
troo  income  are  concemet]  In  ihe  eiiotofiy  of  ricVets  and  the  oiher  nutritive 
dtMtiM*  of   infant*. 

'  A  utile  of  the  iron  in  the  hlood  and  \irine.  in  various  diseases,  is  Ktven 
on  p.  630  nf  the  fir*T  edition  of  this  book.  The  iron  of  the  urine  amounts 
nortnallv  to  al*«>ut  i  mg  i>er  day.  I(  i»  ^lijzhlly  increaKd  in  fever,  nephrites, 
bepaiic  'disease,    leucemia   and  espectaly   in   diabetes. 
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tion   is  sometimes  useful.     Tlie  tendency  to  constipation 

must  be  met  by  aloes  or  other  cathartics. 

Iron  Contrnt  of  Food. —  U  suffices  to  remember  that  Wood,  meat 
yolk  of  eggs,  iin6  the  green  portions  of  vegetables  are  especially  rich 
in  iron  ( 17  lo  40  mg.  per  100  Gm.  of  dr>*  substance)  :  whiUt  egg  white, 
milk,  and  the  cereals  (especially  white  flour)  are  poor  in  iron.  Whole 
wheal,  potalnes  and  the  icgumcs  arc  intermediate. 

2.  Local  Uaes  of  Iron. —  Tlie  tincture  of  ferric  chlorid  is 
employed  as  an  astringent,  especially  in  gargles  (1:10); 
this,  and  particularly  the  Liq:  Ferri  Subsulph..  are  also 
used  as  local  styptics. 


IV.   MATERIA   MEDICA  OF  IRON. 

Only  the  most  important  preparations  need  to  be  studied.  It  may 
be  remembered  that  ferric  salts  have  a  reddish,  ferrous  a  greenish 
cohir.  The  mosi  important  incompatibilities  are:  alkalies,  tannin,  sali- 
cylates, phemil. 

I.  Preparations  Used  Mainly  Externally: 

Fcrri  Chhridurn  ( U.  S.  P.).— FcCl,  +  6H^.  Freely  soluble  in 
water  or  alcohol.     22%    Fe.     Oosc:  0.065  Gm.  =  i    gr,    (17.  S.  P.). 

Liquor  Ferri  Chloridi  (U.S.  P.)  =al»out  29%  of  the  anhydrous  salt. 
or  10%  Fe.    Dose:  o.i  c.c.  =  rl<  in  (U.S.  P.). 

Liquor  Ferri  Perchhridi   Fort  is    (B.  P.)=J2j4%   Fe. 
Liquor  Ferri  Xitratis    (B.P.)=x^%    Fe. 

Liquor  Ferri  Subsulphatis  (U.S.  P.)  (\f onset's  SotuttoH,  made  by 
oxidizing  Fe^SO.  with   HNO.  ami   H,SOj  =  i36%   Fe. 

Liquor  Ferri  Trrsulfiitatis   ( U.  S.  P.,  B.  P.)    (Soiutiott  of  Ferric  5ii/- 
pkate) —nhnux  36%  of  Fe,(SO.),=  10%   Fc. 
This  is  used  in  the  preparation  of: 

Ferri  Hydrnxidum  Hydratmn  cum  Magnesii  Oxido  (U.S.  P.)  {Ar* 
senic  Antidote). 

The  following  should  be  kept  on  hand : 

A:     Liquor   Ferri  Tersulphatis  40,  Water  125, 
B:     Magnesia  10.  \V.itcr  800. 
When   wanted.   B  is   well   shaken,  A  is  added,  and  ihc  mtxturr  i? 
shaken   until    smooth.     It    is    piven    in   lahlespoonful    dose*,   very 
frcquctilly    repeated    (in    all    12$    cc.  ^4^).    and    followed    by 
tavaye  or  emetic,  ami  a  saline  purgative. 

3.  Insoluble    Inorganic    Preparations    (administered    as  powders   or 

pills)  : 

Ferntm    (U.  S.  P.).— Bright  wire,  used   in  makinfp  the  salts. 

Ferrum  Reductum  (U.S.  P.,  B.  P.). —  By  rcdtiction  of  ferric  O.xid 
by  hydroRcn.  Dose:  0.06  lo  o.?  Gm.  (i  to  s  grains)  (0.065  Gm.= 
I  Rr..  U.S.  P.) 

Trochiscus  Ferri  Reducti  (B.  PV— F^ch  contains  1   grain. 

Ferri  Carbonas  Sacchoralus  (U.S.  P..  B.  P).— 15^  FeCO.  Made 
by  precipitating  KeSO»  with  NaHCO,,  fireenish-brown  powder  of 
sweetish  ferruginous  taste;  easiW  oxidised  in  air.  Pose:  0.12  to  O^ 
Gm.   (2  to   10  grains)    (0.25  Gm.  =  4  gr5.,  U.  S.  P.>. 

'A  uhle  of  the  iron-content  of  food  ift  given  on  p.  6ji  of  the  lint  editioe  of 

this  book. 
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Ferrous  Carbonate  is  also  contained  in : 

Mtusa  f'irrri  Carbonatis  (V.  S.  P.).— (ValUfs  Mass.) —Vsed  in 
pill  form.     Oosr:  0.06  to  o.j  Gm.   (i  to  5  grains)    (0.35  Gm.  =4  gra., 

Piluio'  Ferri  Carbonatis  (U.S.  P.)  [Pilula  Ferri,  B.P.].^[Biaud's 
{Chalybeate)  Fills.]     Dose:  i  or  2  (5  to  10  grains,  B.  P.). 

Ferri  Hydroxidum  (U.S.  P.).—  {ferric  Hydrate.)— ¥e {OH) u 
Made  by  precipiuiing  Ferric  Sulphate  with  Ammonia.  Used  in  the 
preparation  of  other  salts. 

Ferri  Fhorf^hos   I  R.  P.).~Dose:  0.3  to  0.6  Gm.   (5  to   10  grains). 

3.  Solid  Soluble  Inorganic  Salts:    .Administered  in  pill-form  or  solu- 
tion.   Generally  insoluble  in  alcohol,  unless  otherwise  stated. 


FERROUS  SALTS. 

SoLiBiL-  Per  Ct. 
ITV  IN  Metallic 
Water.      Iron. 


Average  Dose. 

(U.S.  P.). 


Ferri  Sufphas 

(U.  S.  P,  B.P.)        i  FeSO.-f 
Frrrt  Sulphas  Gratiu-  yHiO. . 

latus    (U.S.  P.) 
Ferri  Sulphas  ExstccaiusiV.S.'P.). 

—  100  Gm.  dried  to  65  Gm 

Fitula-  Aloes  ct  Ferri  (U.S.P.). 
Dose:    2    pills  =  o.i4    Gm. 
"=  2    grs.    of    ferrous    sul- 
phate and  aloes. 
Pilultr  Ferri  lodidi   (U.S.P..— 
Dose:  2  pills  =0.08  Gm.  Fc  and 
0.10  Gm.  iodin. 


0.9      0.2  Gm.  =  3  grs. 


0.125  Gm.  ^2gra. 


FERRIC  SALTS,  CRYSTALS. 


Ferri  Chlorxdum.—  See  above. 

Ferri  et  A  mmonii  Sulphas 
(U.S.P.  V—  Ferric  Ahim.—  Fe 
NHi^SO.),  4-  I2H,0.  Violet 
crystals    

Ferri  Hypnphosphis  (U.S.P.)  — 
Fe(PHX),)>    


27          115  O.S  Gm.  =  754  grs. 
2300      0.2  Gm,  ^=  3  grs. 


FERRIC  "SCALE"  SALTS,   SIMPLE. 

The  "  scale  salts "  occur  as  thin,  transparent  scale?,  of  somewhat 
uncertain  composition.  They  have  a  Karnet-red  to  reddish-brown  color, 
with  the  exception  of  Sol.  Iron  and  Quinin  Citrate.  Sol.  Phosphate, 
and  Pyrophosphate,  which  are  green : 

SoLL'FTL-  Per  Ct. 
ITV  IN    Metallic 

Water.  Iron. 

Ferri  Citras^    (U.S.P.) Sol.  16 

Ferri  PhospHas  Sohibilis 

(U.S.P.)    Freely  ^ol.         12. 

Ferri  Pyrophosphas  Sol. 

(V.S.P.)    .. "        "  10. 

Sillily    Materia    Medico    l-cMon    48-  ,  ,  .  , 

'A    to%   aolution   of  litis  Jalt   has  been    um*I    for  adnitniMerinft  iron  subcu- 

laneous^ty    iDobc:      i    c.  c).     The   results    are    fairly    uood.    Imt    the    injections   arc 

rwher  painful.     O>cfilo»«  cause  gaitric  irritability. 


AvERAfiE  Dose. 
(U.S.P.). 

0,25  Gm.  ^4grs. 
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DOUBLE  SALTS. 

Water.       Iron.  KV.^.f). 

Ftrri  et  Ammonii  Citras 

(U.S.P.,   B.P.)    Freely  sol.        i6.  0.25  Gm.  =  4 grt> 

Fcrri  ct  Ammonii  Tartras 

(u.s.p.)    "     "       13.  ••  ••' 

Ferriet  Potassii  Tartras  (U.S.P.) 

(Ferrum   Tartratnim,    B.P.)..    Very  sol.         15. 
Ferri  et  Quinintr  Citraj  (U.S. P., 

B.P.)    (11.5%  quinin) Slowly  sol.         13.5 

Ferri  ft  Quiniu^  Citras  Sotuhiiis  (U.S. P., 

B.P.)    (11.5%    quinin.) Quickly  sol.        135 

Ferri  et  Strychnin<r  Citras 

(.U.S.P.)     (1%    strychnin) Freely  sol.        16.        o.  1 25  Gm.  =  2 grs. 

The    *  Proteid    Salts    of   Iron    [Atbuminate    (5%    Fc) ;    Pcptonaic; 
0.25%;   Caseinatc,  etc]  arc  given  as  powders.    Dose-   i  Gm.^15 

grs. 

4.  Liquid   InorKanic   Iron  Preparations,   Simple: 

The  liquid  preparations  of  iron  have  a  very  injurious  effect  upon 
the  teeth  if  brought  in  contact  with  them.  They  should  therefore  be 
taken  through  a  glass  tube,  and  the  mouth  rinsed  thoroughly. 


I 


Average  Dose  (U.S.P). 

Syrufus    Ferri    lodidi    (U.S.P.,    B.P), 

5%  Fel, I    c.  c.  =  15    in.. 

Tinctnra  Fcrri  Chhridi  (US  P. ), 
13.28%  of  FeCU  (to  be  largely  di- 
luted ) 0.5  c.  c.  =  8  m. 

Liquor     Ferri     et     Ammonii     Aietatis 

(U.S.P.)    (Basham's  Mixture) 16  C-C.  =4  5. 

Liquor  Fcrri  Acetatis  (B.P.)  (to  br 
largely  diluted) o.ia  to  Ot6  c. c.        2  to  10  mill 

*  Ferrum    Pialysatum.    a     10%    aqueous 

solution  of  ferric  oxychlorid.  freed 
from  excels  of  HO  by  dialy*;is  (to  be 
largely    diluted)    0.6  to  2.0  cc.       10  to  30  rain. 

*  Elixir  Ferri   I'hosthatis   (N.F.),  3.5% 

Ferric   Phn^phate    2  to  4  c.  c.       30  to  Go  roltl 

Liquor    Ferri    Perehlon'di    (B.P.)     and 

Tiuctura   Ferri   Perehhridi   IB.P. )...      0.3  to  I  c  C         5  to  IS  min. 
( Each    contninn    one-fourth    of    the 
stronger  snhition.) 
Syrupus    Ferri    Phosphalis    ( B.  P. )     ( l 

drachm  =  1    prain )     4  to  8  c.  c.     I  to  2  drachm* 

Vinum  Ferri  (U.S.P..  B.P.)  (Iron  and 
Amm.  Citr..  4% ) 8   c.  c.  =  2  3i 

•  Not  official. 
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S.  Liquid  Inorganic  Iron  Preparations,  Compound: 

Dose: 
IL  Cc.     Drachms. 

^m       Mistura  Ferri  Composita  (U.S.P.,  B.P.)   (Grif- 
^H  ath's    Mirtuif).      About    07%    of    Ferrous 

^^^  Carbonate  in  suspension  in  flavored  waier..  16  4 

^^        Syrupuj    Ferri    Fhosphatis    cum     Quinina    et 

I  Strychnina    (B.P.J     {Easton's  Syrup) 2  to  4        H  to  I 

I  Ferric  Phosphate  2% 

j  Quiiiin   Phosphate   3% 

Strychnin    0.02% 

Elixir    Fcrri.    Quininir.    it    Strychnhttr    Phos- 

phaium    (U.S.P.)    (sec   Index) 4  I 

(  Glyceritum  Ferri,  Quinintr.  et  Strychrtina  Phos- 

I  phatum   (U.S.P.)    (sec  Index) I  % 

^K        Vinum    Ferri    Amontm     (U.S.P)     (Iron    and 
^H  Quinin  Citrate.  $%,  flavored  with  orange) . .  8  4 

Syrupus  Ifypophosphitutn  Compojitus  (U.S.P.)  8  2 

<>.  Iron  (Chalybeate)  Mineral  Waters. —  These  contain  the  iron 
most  often  as  ferric  fiicarbonate;  sometimes  as  sulphate*  oxid, 
and  very  rarely  as  chlorid. 

7.  Organic  Iron  Preparations.— Only  some  of  the  scientific  prepara- 
tions  can   be   considered    in   this   connection.     None   are   oMcitd. 
I  The  dose  is  usnaMy   1  Gm. 

I  (a)  Artificial  Preparations:^ 

PCRCEVTAGE 
OP  IXON. 

Ferrah'n  (ferri-albuminic  acid)  :  Originally  prepared 
from  liver  (Schmiedeberg,  1894).  but  at  present 
obtained  artificially    (Marfori.   1892).     Insoluble...  6.0 

Iron  Somalose   I  alhtimose)  :     2%  Fc.     Soluble 15. 

Ferri  ritcllinuni  Synthcticum  (Ovoferrin):  combination  of  ferric 
hydrate  with  modified  seruni-aUnunin,  Dose  of  5%  solution 
^table5poonfuI,^o.o6s  Gm.    (1   grain)   Fe. 

<b)  From  Blood: 

Blood,  in  its  original  form,  is  too  repellant  to  be  therapeutically 
useful.  Its  character  may  be  disguised  by  drying,  or  by  mix- 
ing it  with  glycerin.  Pure  hemoglobin  and  hematin  are  too 
expensive:  a  sufficiently  pure  form  of  henuitin  may  be  pre- 
pared cheaply  by  digestmg  blood  with  an  acid  pepsin  solution; 
the  hematin  is  precipitated,  whilst  the  other  proteids  remain 
for  the  mo*;t  part  in  solution,  and  can  be  removed  by  wash- 
ing.    (Sollniaim,   1902). 

Hemt'fs:     Obtained  bv  the  reduction  of  hemoglobin 

through   zinc  dust    for  by  other  metals) 0.3%  Fe. 

Hemogallol:  Obtained  by  precipitating  blood  by 
pyrogallol     

(c)  From  Other  Sources: 

Hematogen  (Bnnge.  1885):  A  nucleo-proteid  from 
egg  yolk   0.3%  Fe. 


•  Xrt  official. 
*  GeiMe,  1808,  describes  the  behavior  of  these  compounds  to  NtacCallum's  iron 

ztian. 
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Various  other  nuclco-protcids  are  also  used,  such  as  Ferrotogfn, 
obtained  by  the  artificial  digestion  of  yeast  grown  on  media  containing 
iron;  =  iVo  Fc. 

VIII.  MANGANESE  AND  CHROMIUM. 

Manganese  and  cliromium  arc  not  absorbed  in  sufficient  amount  to 
have  any  general  action,  ihe  phenomena  in  poisoning  by  the  sohibic 
salts  (permanganates,  chromates,  clc.)  being  entirely  local;  1.  a,  ex- 
erted upon  intestines  and  kidneys.  This  holds  true  even  when  Ibe 
soluble  preparations  are  introduced  into  the  circulation. 

The  chromium  salts  cause  a  diabetes.  This  is  due  purely  to  injury 
of  the  kidney,  for  the  sugar  of  the  blood  does  not  rise  above  normal 
if  the  ureters  arc  ligated.  The  twphritis  is  confined  mainly  to  the 
tnbnlar  epithelium  (Gcrgons,  1876).  When  bichromates  arc  given  by 
the  mouth,  they  arc  reduced  to  chromous  oxid  and  partly  deposited 
as  such  in  very  numerous  organs,  the  rest  being  excreted  by  Uie  urine 
(Kappeler,    i8g6). 

The  absorption  and  excretion  of  manganese  is  the  same  as  that  of 
iron   (see  pp.  622  to  626)      (Harnack  and  Schreibcr,   1901). 

Manganese  dioxid  is  sometimes  used  empirically  as  an  cmmena^ogue, 
or  to  replace  iron  in  its  other  uses,  but  is  of  very  questionable  utility. 

Solubil- 
ity IN  A\'eba(;e  Dose. 
Water.  (U.S.P.) 
Mcngani    Dioxidum     Prtrcipitatum 

(U.S.P.).  MnO,  Insol.  0.25  Gm.=4  grs. 

Mangant  Sulphas  (U.S.P.).  MnSO. 

+  4H,0    0.7  0.2s  Gra.  ^4  grs. 

Mangant    Hypophospis     (U.  S.  P.). 

Mn<PHiO,),-|-H.O    0.2  Gm.  =  3  grs. 

Potassii     Perniattganas      (U.  S.  P.» 

B.P.),  KMnO*  15  0.065  Gm.  =  1  gr. 

•  Syrupus   Ferri   et   Mangani  lodidi 

<N.F.)    4  to  8=  I  to  2  drachms. 

Chromii  Trioxidum  (U.S.P.,  B.P), 

CrOi   Very  sol.        Only  externally. 

Potassii  Dichromas  (U.S.P..  B.P.), 

ICCrOt  9  IQ  mg.  "=■  }^  gr. 

Liquor  Ac idi  Chromici  (B.P),  25%       Only  externally. 

IX.  ALUMINUM. 

The  salts  of  this  metal  have  a  purely  l(Kral  action  when 
given  by  the  month ;  they  are  not  at  all  absorbed  from  the 
intact  alimentary  canal  (  Plagge  anO  Lebbtn,  1893^.  Even 
very  large  doses  cause  only  a  local  exudative  inflammation 
(hence  vomiting  and  diarrhea).  This  is  due  to  their  pre- 
cipitating proteids.  They  are  therefore  antiseptic  and 
astringent.  The  precipitate  is.  however,  soluble  in  an  ex- 
cess of  prot<"i<l.  They  spread  very  slowly  even  when  in- 
jected subcutancnusly.  and  appear  to  penetrate  cells  with 

•  No*  official. 
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the  greatest  difficulty ;  for  the  symptoms  appear  only  sev- 
eral days  or  weeks  after  the  injection  (Siem.  1886),  at  a 
time  when  the  metal  has  entirely  disappeared  from  the 
bkxxl,  and  has  become  fixed  in  the  cells.  The  symptoms 
then  resemble  those  of  subacute  arsenic-poisoning.  They 
never  occur  when  aluminum  salts  are  given  by  mouth,  no 
matter  in  what  doses,  nor  h4i\v  long  Cf>ntinued. 

The  quantities  which  may  be  dissolved  from  aluminum 
cooking  vessels,  even  by  dilute  acids,  are  too  small  to  be 
of  any  importance.  The  same  is  true  of  residues  of  alum 
baking  powders  (see  below). 

The  therapeutic  importaucc  of  aluminum  salts  lies  ex- 
clusively in  their  local  astringent  action. 

Dose: 
One  P.\bt  Dissouts  is    Water:     Metric.     Apothecaries'. 

Alnnten  (U.S.P.,  B.P. ),  A!um,     AIK  o.oj  to  2.0      5  to  30  grs. 

CS04)tH- I2H:0.      (For     external  9        (0.5  Gm.  =  75^  ^rs., 

use    sec    gardes,    injections,    eye-  U.S.P.) 

waters,  etc.,  2%:  for  tonsilitis.  20% 
Klyceriie  as  paint ) 

Aluntftt  Hxskcahnu  (U.S.P.).  Burnt 
Alum.      (Alum     from     which     the 
water    of   crystaUization    has    hecn  17 
e.Kpelled  by  roasting.)     Used  local- 
ly in  p*3wder  form  as  styptic 

Alumhti       Hydroxf'dum        { U.S.P.). 

.M(OH )..      By    precipitating    alum 

with  >3aiCOa Insol.    0.06  to  0.6      i  to  10  grs. 

Atummi  Sulf*has  (U.S.P.).  Al,(SO.). 

+   i6HrO I 

•  Alumnut  (  Bcia-naphthol-disulfonate 

of   aluminum).    Antiseptic    astrin- 
gent;   t   to  5%  aq.   solution,  or  as 

dusting-powder    (mixed   with    5   to 

10  parts  starch  or  talcum) , 

Glyccrinum  Aluminis   (B.P,),    10%.. 

Baking  Powden. — Tliese  are  chemicals  which  serve  as  subsii- 
lutes  for  yeast-fcrmcTitation.  aerating  bread  and  pastry  dough  by 
evolving  carbonic  acid.  They  are  of  course  altered  in  this  process. 
The  flccomposition  products  are  partly  expelled  by  the  heat  of  baking. 
The  fixed  residue  is  the  part  which  could  conceivably  produce  phar- 
macologic action. 

The  baking  powders  belong  to  four  cheraic  types  (Cramplon,  1880)  : 

1.  Cream  nf  Tartar  Powders  —  Mixture  of  acid  potassium  tartrate 
and  sodium  bicarbonate.  Reaction :  KHC^H.O^  +  NallCOi  ^ 
KNaCH.O.  -f  CO:  +  ILO.  Residuum:  11  Gm.  of  Rochclle  Salts 
per  loaf  of  brcatl      Innocuous. 

2.  phosphate  Ptni'ders. —  Calcium  super-phosphate  and  sodium  bicar- 
bonate.     Reaction  :      CaH.(PO,),  +  2NaHC0i  =  CaHPO,  +  NaaHPO, 

•  Not     nfficial. 
Study  Materia  Mcdtca  Lesson  49. 
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+  aCOa  -f  HsO.    Soluble  residuum :  3.5  Gm.  sodium  phosphate  per  loif 
of  bread.     Innocuous. 

3.  ,^lum  Pounicrs. —  Alum  (u«iually  ammonic)  and  sodium  bicarb«m- 
atc.  Reaction:  (NH.),AI,(SO,),  +  6NaHCO,  =  AU(OH).  4- 3Ka>S0. 
+  (NHJiSOi  +  6CO3.  Residuum,  per  loaf  of  bread;  1.3  Gm.  alnwi- 
num  hydrate;  3.65  Gm.  sodium  sulphate;  i.i  Gm.  ammonium  ^^ulpbiir 
The  aluminum  hydrate  is  insoluble  in  water;  in  the  stomach,  a  irirff 
may  be  dissolved  by  the  hydrochloric  acid,  and  perhaps  by  the  pfo 
Icids;  but  so  little  that  it  cannot  be  important.  The  sulphates  ^re 
practically  without  action.  (The  addition  of  alum  whitens  pastry 
baked  from  inferior  flour.  This  fraudulent  use  is  prohibited  in  sevcrxA 
countries.)  ' 

•4.  Ammonium    Carbonate. —  Decomposed   and    volatilized   as    NH«  "^ 
COi.     Expelled  so  completely  that  it  is  inactive- 
Some  baking  powders  are  mixtures  of  several  of  the   above.     Tl^<3 
are  often  diluted  with  indifferent  substances  (starch,  etc.). 


X.  CERIUM  AND  THORIUM, 
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The  actions  of  these  metals  is  evidently  closely  related  to  those- 

aluminum.     Cerium    is   used,  as   the   insoluble   oxalate.   againi»t   voi nit 

ing,  especially  in  pregnancy   (Simpson,  [854:  Mills,  1876).     This  acO^Viiii 
is  purely  local   and  probably  analogous  to  that  of  bismuth.     It  t9  rtn 

likely  that  any  cerium  is  absorbed.     The  systemic  actions  of  the       ■    ifii 
bic  salts  have  not  been  adequately  studied. 

CcHi     OxaU^      (U.  S.  P..      B.  P.).— Ce(C,0,).  +  9HX).       (Ce«-DM 
oxalate.)  —  Contains   also  other   earths    (didymium.   lanthanum.  e^rlJ 
White,  odorless  and  tasteless  powder;  permanent  in  the  air;  in*ol  «J&/ef 
in  water  or  alcohol:  soluble  in  dilute  acids.    Dose:  0.05  to  a^  Gm.    (f 
lo  8  grains)   (0.065  Gm.  =  I  gr..  U.  S.  P.). 

*  Cerium  Nitrate  (soluble)  has  been  substituted,  in  doses  of  a05    <^m 
or  less. 

Thorium.— The   nitrate  of  thorium   is  markedly  astringent,  prrcifw- 
tating    proleids    and    coagulating    blo<jd.     Injected    hypwIermicAllv-     *' 
causes  ulceration.     The  toxicity  is  slight.     It  is  fairly  well  tolcnierf  t>7 
the  stomach,  ver>'  large  doses  l>eing  required  to  produce  vomiting     J*  •' 
not   absorbed    from    the    alimentary    canal-    T^ic    addition    of   soditwr 
citrate  prevents   the  coagulant  action.     When   this  solution  is  injert** 
intravenously,   it   has  absolutely   no   effect   on   the   cirridation.  f»r  ^^^ 
other  function,  even  when  0.J5  Gm    are  injected  per  Kilogram  nf  (ig^ 
However,  the  animals  remain  emaciated,  and  show  ulcers  of  the  (piw** 
When   killed,  after  some  weeks,  an   extensive  calcification  of  corwr^' 
ive  tissue   is  noticed     The  thorium  is   excreted   by   the   kidney*    ^"' 
solutions    have   no    effect   "n    the    excised    muscle    or    heart  of  '".^S 
fChace  and  Gies.  Brown  and  Sollmann.  T905V     The  nitrate  was  t^'^ 
for  stimulating  ulcers,  hut  did   not  prove  superior  to  alum.    The  o^* 
alate  and  oxid  are  practically  insoluble. 

Neodymium.  Pracxodyinium  and  Lonthanvnt   (as  the  chlofidi*  *^ 
precipitate  proteids.  and  the  observed  effects  can  be  attrihtrtcd  '*'.,*• 
reaction    (antisepsis,   paralvsis  of  muscle,  etc.)      (Drcyfuss  and  ^\*** 
1905)- 

XI.  COBALT  AND  NICKEL. 

These  metals  are  only  absorbed  when  given  in  strongest  solirti*'* 
or  when  long  continued  The  local  action  is  that  of  metals  in  g^ 
eral.  with  nothing  particularly  characterisiic  Nickel  salts  hair  fcec" 
ti.sed  as  emetics,  but  are  not  to  be  recommended. 

When  introduced  into  the  circulation  they  affect  the  central  n( 
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system  directly,  in  addition  to  the  usual  metal  action  on  capillaries, 
heart,  and  kidneys.  There  art  tremors,  chorea,  and  convulsions,  fol- 
lowed bv  paresis.  In  frog!»  the  medulla  h  stimulated  before  the  spinal 
cord    (A.  Stuart.   1884). 

The  urine  is  increased,  and  always  contains  sugar,  often  proteids. 
Cobalt  salts  act  as  antidotes  to  HCN  poisoning,  through  the  formation 
of  cobalt-cyanids.  To  be  effective  they  must  be  introduced  subcu- 
taneously  in  doses  which  are  not  devoid  of  danger.  They  are  therefore 
not  to  be  used  in  man. 

• -ViVfo/i"  Bromidum. —  Freely  soluble.  Dose:  aij  to  asa  Gm.  (2  to 
8  grains). 

XII.  SILVER. 

This  metal  is  absorbed  in  extremely  small  amount,  and 
is  reduced  to  the  inactive  metallic  state  as  soon  as  it  enters 
the  bridy  (Jacohi).  For  this  reason  it  can  never  lead  to 
general  poisoning,  anrl  the  <inly  evidence  of  its  absorption 
lies  in  a  dark  discrdnration  (argyrism)  of  the  skin  and 
certain  situations,  after  its  prolonged  administration.  This 
is  due  to  tke  deposition  of  metallic  silver  in  the  connective 
tissue  of  the  cerium,  the  sweat  glands,  in  smooth  muscle. 
villi  of  intestine,  etc.  ( Fromniann,  1859:  Riemer.  1876). 
It  is  not  seen  in  most  animals. 

If  the  silver  is  introduced  into  the  circulation  its  effects 
differ  from  those  of  other  metaJs  in  the  predominance  of 
ner\'OUs  symptoms.  These  are  central  and  mainly  paral- 
ytic. There  is  motor  paralysis  beginning;  in  the  hind  legs, 
depression  of  the  respiratory  center  with  asphyxial  con- 
vulsions, stiniuiati4>n  of  the  vasoconstrictf>r  center,  followed 
by  paralysis,  etc.  The  secretion  of  bronchial  mucus  is  so 
greatly  increased  that  it  may  lead  to  asphyxia.  This  is 
probably  due  to  injury  to  the  epithelium  (Ball,  1865;  Ja- 
cobi.   1877). 

The  therapeutic  ctnf>hymaif  of  silver  in  insanity,  etc.,  is 
a  survival  of  the  faiuastic  teaching  of  the  middle  ages, 
when  it  was  based  on  its  dedication  to  the  moon,  and  tlie 
supposed  connection  of  the  latter  with  lunacy.  Although 
it  is  absolutely  proved  that  silver  cannot  be  absrirl>ed  in 
amounts  sufficient  to  ha\e  any  action  whatsoever,  it  has 
been  tried  again  and  again  against  all  forms  of  nervous 
disease,  with  uniformly  negative  results.  The  indications 
for  it  are  purely  local. 

Silver  is  one  of  tbe  most  toxic  metals  for  hartcna  and  protoma. 
but  is  comparatively  innocuous  for  the  mammalian  organism.  The 
salts  have  a  great  affinity  for  proteids,  and  are  therefore  astringent, 
irritant,  or  caustic,  according  to  the  strength   in  which  ihey  are  used. 
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This  combination  of  astringent,  caustic,  and  antiseptic  actions,  and 
the  case  with  which  ihc  effect  may  be  graduated,  make  the  silver  mIu, 
particularly  the  nitrate,  very  valuable.  The  lactate  has  rcccnll>  bctn 
introduced  under  the  name  of  "  actoi,"  but  seems  to  possess  no  ad- 
vantaKe.  The  citrate  (also  known  as  "  itrol")  may  be  used  spartngry 
as  a  dusting-powder,  since  it  is  so  little  soluble  (requiring  4,000  parts 
of  water)   that  it  cannot  become  caustic. 

The  ordinary  silver  sails  do  not  penetrate  ver>'  deeply,  since  (hey 
are  precipitated  by  proteids  and  chlorids.  The  addiiion  uf  diethykti- 
diamin  to  silver  phosphate  prevents  this  precipitation.  This  com- 
pound {Argcniamin)  is  therefore  more  pcnetratmg.  It  is  markrird 
as  a  fluid  containing  as  much  Ag  as  a  \o%  silver  nitrate  solution,  iind 
is  used  in  corresponding  strengths. 

The  precipitation  can  also  be  avoided  by  combining  thr  sikvr  ttt/A 
proteids.  The  resulting  products  usually  dissolve  slowly  in  cold 
water.  The  solutions  decompose  on  exposure  lo  light.  A  numba  of 
these  products  are  on  the  market,  such  as  Aroyrol  (with  vitcllin,  »  to 
2<%  Ag.) ;  Argonin  (with  casein.  4%  Ag.)  ;  rrotargot  (with  alliumiw*, 
8%  Ag.);  Largin  (with  protalbin,  ir%  Ag.).  The  compounds  retain 
the  bactericidal  properties  of  silver,  but  are  practically  non-aftnngtnt 
and  non-irritant.  The  absence  of  these  qualities  may  be  desirable  in 
some  cases,  whilst  it  is  a  serious  drawback  in  others.  They  are  ii*ed  ifl 
gonorrhea  C/k.  to  2%);  conjunctivitis  (0.5  to  5%);  nOse  and  IhriHi 
infections  (i  to  \o%)\  etc. 

Colloidal  Silver  ("  Collargolum ")  is  also  pennanemly  soluble  "' 
albuminous  fluids,  but  is  rendered  insoluble  by  excessive  quantities  m 
salts.  It  is  claimed  to  possess  a  peculiar  value,  since  it  is  itself  iitrt 
and  harmless,  and  remains  so  in  contact  with  normal  tis.>ues;  whi'^'' 
bacteria  Transform  it  into  the  active  ionic  form.  It  should  thercto« 
act  automatically.  It  has  been  used  bxally  like  the  ordinary  sil«J 
salts;  subcutaneously.  in  0.5%  solution  for  tnberculow<  joints:  af» 
syslemically  for  septicemia.  For  the  latter  purpose  it  may  be  p*"*"" 
by  mouth  (pills  of  0.0 1  Gm.)  ;  by  munction  (3  Gm.  of  Vnaut^^^^ 
(frcdv  (15%)  per  day;  or  intravenously  ( 10  c.  c.  of  0.5%). 

Solu- 
bility   IM  DtiSEI 
Water.      Metric.     ,\pothccaf«- 
Argcnti   Nitras    (U.S.P..  "B.P).   5"i7- 

Tcr      Xitrate      (Lunar      Caustic), 

.\gNCX   0.54    0.0I5  to  0.06      H  to » ?f 

If   given    internally,   it   is  best   made 

iniM  pills  with  clay  and  vaselin. 
Externally   in    H%    to    2%    solution. 

(See  eye-waters,  injections,  ulcers, 

etc  ) 
ArgfHti      Sitras      f-usus      (U.SP.) 

(t-unar   Caustic    in    slicks)       Con- 
tains a  small  quantity  of  chlnrid.  • 
Argcnti     Nitras     InJuratus     (B.  P.). 

C^ontains   5%   of   KNO1   and   fused 

into  rods 

Argrnti    Xilras    Mittgottu     (U.SP, 

B.P.)    (Mitigatctt  Caustic^.    Made 

hy    fusing    3    partft    AgNo«   and    6 

p.irts  KNO».  pencils. 
Argntti     Oxidum,     Ag>0      (U.S.P.. 

B.P.)   Ini(ol.    oo3tno.l2         Vjloaga 

(0065  Cm.  =  1  W, 

rspv 


(10  mg.  =  5^  s!» 
U.S.R 
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XIII.  GOLD  AND  PLATINUiM. 

Gold  and  platinum  are  still  more  easily  reduced  to  ihc  metallic  state 
Ihan  is  silver,  aiid  are  therefore  devoid  uf  general  action  when  taken 
by  the  mouth.  When  injected  into  the  circulation  they  produce  an 
ar'icnic  action.  They  should  ha^e  no  place  in  rational  therapeutics. 
tCfold.   Schultz,   lagj;    Platinum,   Kehler.   1878;   Cohnslein,    iSqj). 

.^un  ^t  S'Miii  Chloridum  (U.S.  P.). —  Equal  parts  of  gold  chlorid 
<AuCU)  and  XaCl.  Dose:  O.00J  to  0.006  Gm.  C/m  to  Vw  grain)  (5 
nig.  =  '/ii.  gr.,  L'.S.P.). 

'  Ltf^.  Auh  et  Arscnii  Hromtdi  (N-F.). —  Dose:  0.06  to  0.3  c.  c  (I  to 
8  minims). 

Gold  Triliromid   » 0.325% 

Arsenic  Tribromid   *.- 0.65% 


XIV.  TIN, 

This  metal  i<  absorbed  in  part  even  from  non-corrosive  preparations. 

But   poisoning    is    very    rare,    the   metal    not   passing    very    easily    into 

soluble  form»  and  having  no  pronounced  tendency  to  cumulative  action. 

The  symptoms  on  injection  devolve  to  some  extent  on  the  central 
nervous  system,  as  stimulation  and  -iubsequent  paralysis.  The  arsenic 
action  and  paresis  nf  heart  are  al-^o  prominent.  With  more  chronic 
pois-oninR  ihe  Ras!rr»-emcriti«i  is  niosi  marked,  but  there  ii  also  an 
ataxia  and  motor  paralysis  re^-embling  chronic  lead-poisoning   (White, 

1880). 

XV.  COPPER,  ZINC,  AND  CADMIUM. 


Tlicse  metals  are  cl<^se!y  related  in  their  action.  Given 
by  the  month,  copper  and  zinc  salts  have  a  rallier  specific 
irritant  action,  affecting  at  first  exclusively  the  nerve  strtic- 
liires  which  form  the  starling-point  of  the  zfomiiing  reflex. 
In  conserjuence,  vomiting  r>ccurs  before  there  is  time  for 
corrosion,  and  relatively  large  doses  present  no  danger. 
Nor  is  there  any  danger  of  chronic  poisoning.  This  is  of 
some  importance  on  account  of  the  use  of  copper  to  give  a 
green  color  to  presened  vff^c tables.  These  contain  0.20  to 
0.50  mg.  of  Cu  per  kihigram.  Ii  is.  of  course,  conceivable 
that  copper  salts  may  becrmie  <leIeterious  through  their  con- 
tinued local  action,  but  the  quantities  introduced  with  these 
v^etables  may  he  affirmed  to  have  no  such  effects,  Tht 
slight  traces  remaining  in  water  after  purification  by  cop- 
per {  see  page  3?^2)'  are  prolrably  equally  harmless.  Quan- 
tities of  the  copf>er  sulphate  up  to  0.5  Gm.  per  day  have 

Sri'  '  Mcdica  IxMon  49. 
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occurred  from  flushing  out  large  cavities  with  mercuric 
solutions.  The  absorption  from  serous  surfaces  is  vcryj 
rapid. 

2.  The  excretion  of  mercury  occurs  to  some  extent  by 
the  urine,  but  mainly  by  the  intestine;  also  to  some  degTCC 
by  saliva,  sweat,  and  milk.  The  excretion  by  the  kidneys 
begins  in  alx)ut  two  hours  after  the  administration,  bul  it 
lasts  for  a  long  time,  and  may  l>e  ilemonstrated  for  eight 
days  after  a  single  dose,  and  for  as  late  as  six  months  aflcf 
the  administration  has  been  entirely  stopped,  after  con- 
tinued use. 

With  small  amounts  this  excretion  causes  no  pathologic 
changes  in  the  kidneys;  but  if  long  continued  it  gives  rise 
to  interstitial  and  glomerular  nephritis.'  Large  amounts, 
on  the  other  hand,  occasion  a  parenchymatous  nephritis 
with  glycosuria.  The  relative  quantity  of  mercur}'  ex- 
creted by  this  channel  is  increased  by  the  inflammatory 
changes. 

Potassium  ioJid  is  said  to  favor  the  excretion,  just  as  in  the  caw  ol 
lead,  but  ihcre  is  not  much  positive  evidence  on  this  point  It  i^ 
equally  doubtful  whether  the  excretion  can  he  hastened  by  diurcsit 

3.  Fate  in  Body — Whilst  the  elimination  of  mercury  is 
a  slow  process,  it  disappears  quite  rapidly  from  the  blood, 
being  fixed  in  the  tissues. 

Its  dislribulirtn  is  much  the  same  as  that  of  lead.  Tt  i-*  found  c9^ 
cially  in  tlie  kidneys,  to  a  less  extent  in  the  liver,  and  trecjiiciiiiT  ^ 
the  intestinal  walls  When  taken  as  A*apor  it  is  also  found  ui  the  luifj' 
In  other  organs  it  is  seen  only  in  acute  poisoning.  It  pa?4«?  t!in>upi 
the  placenta  only  when  given  in  very  large  doses.  prrthahl>  ahtf  »^ 
juring  the  vessels.  The  mercury  which  has  l)een  stored  is  quite  oW 
fixed  in  the  non-digestihie  nuclein  residue,  favoring  !he  view  that  rt  »• 
deposited  in  the  nuclei.  .    . 

When  injected  directly  into  the  blood-vessels  the  organic  ^»<''*''**"i 
mercury  preparations  act  more  violently  than  the  inorganic.  .MlhooiJ 
mercury,  like  other  metals,  does  not  act  until  it  ha*  l>ecn  conrt^*" 
inlii  ion  form,  the  organic  compounds  arc  distributed  mt>rc  quicWf 
throughout  the  body  and  arc  readily  decomposed. 

II   TOXICOLOGY. 

1.  Etiology. —  The    most    frequent    catise    of    merctffy 
►isoning  w  as  formerly  the  excessive  and  injudicum  »»"" 
dicinal  use  of  this  metal.     The  mercur\^  existing  in  ^^ 
amalgam  used  for  filling  teeth  seems  lo  be  so  firmly  cow- 
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One  Part  is  Soluble  in  Water,       Alcohol 


ZtHci  I'alcras 

(U.S.P.) 
Zinci  I'alerianas 
CB.P.) 


Zn(aH, 

jH,0. 


SO. 


35- 


Average  Dose. 
(U.S.  P.) 


0.125  Gm.  =  2    grs. 


Zinc  Bromid,  Chlorid,  and  lodid  are  very  deliquesceHt,  whilst  Zinc 
Acetate.   Fhcnolsulphonalc,    Sulphate,  and  Copper  Sulphates  are 
efflorescent. 
Liquor  Zinci  Chloridi  (U.S.P.,  B.P.).— 50%.     Strongly  caustic. 


INSOLUBLE   ZINC  COMPOUNDS. 
Amorphous,  white  powders. 

Zinci  Carbouas  Prtrcipilafus  (U.S.  P.)    [Zinci  Carbonas,  B.  P.]. —  A 
hydraied  carbonate,  yielding  not   less   than   72%  ZnO. 

Zinci   OxiduiM    (U.S.P.,    B.P.).— ZnO.    Dose:    025    Gra.  =  4    grs^ 
U.  S.  P. 

Zinci  Stcaras  (U.S.P.). 

Zincum   (U.S.P.). 

ZINC  OINTMENTS. 

Vnguentum  Zinci  Oxidi  (U.  S.  P.).— 20%.  in  benzoinatcd  lard. 
Vnguentum  Zinci  ( B.  P.). —  15%  of  the  oxid. 
Vngucntum  Zinci  Stcaratis  (U.S.P.). —  50%  in  while  petrolatum. 
Unguentum  Zinci  Oleatis  (B.P.). 

XVL  MERCURY. 

I.  ACTION. 

Mercury,  unlike  the  other  metals,  has  a  strong-  specific 
toxic  action  on  proiol^hsin.  It  is  poisonous  not  only  to 
the  higher  plants  and  animals,  but  also  to  lower  organisms, 
and  possesses  ^eat  germicidal  power.  It  owes  this  toxicity 
to  a  great  affinity  f<tr  nitrogenous  molecules. 

1.  Absorption —  The  albimitnates  which  are  formed  in 
this  manner  are  quite  soluble  under  the  conditions  of  the 
body  —  1.  e„  if  a  certain  amount  of  sodium  chlorid  and  of 
alkalinity  exists.  In  consequence,  it  is  rcmiily  absorbed 
and  transported,  differing  very  conspicuously  from  other 
metals  in  this  respect.  Further,  whilst  most  metals  are 
almost  innocuous  in  the  free  state,  metallic  mercury  is  fairly 
toxic;  its  distrilnitinn  and  absorption  are  favored  by  the 
fact  that  it  is  liquid  and  volatile  and  oxidizes  very  readily. 

The  mercury  compounds  are  absorbed  from  all  surfaces. 
On  this  rest  the  mercurial  treatments  by  fumigation  and 
inhalation.      Many  cases  of  mercury-poisoning  have  also 
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occurred  from  flushing  out  large  cavities  with  mercuric 
solutions.  The  absorption  from  serous  surfaces  is  very 
rapid. 

2.  The  excretion  of  mercury  occurs  tn  some  extent  by 
the  urine,  but  mainly  by  the  intestine;  also  to  some  (Jegree 
by  saliva,  sweat,  and  milk.  The  excretiim  by  the  kidnevs 
begins  in  al>ont  tvv*i  hours  after  the  administration,  but  it 
lasts  for  a  long  time,  and  may  be  demonstrated  for  eight 
days  after  a  single  dose,  and  for  as  late  as  si.\  months  after 
the  administration  has  been  entirely  stopped,  after  con- 
tinued use. 

With  small  amounts  this  excretion  causes  no  pathologic 
changes  in  the  kidneys;  but  if  long  continued  it  gives  rise 
to  interstitial  and  gl<*merular  nephritis.^  Large  amounts. 
on  tlie  other  hand,  occasion  a  parenchymatous  nephritis 
with  glycosuria.  The  relative  (]iiantity  oi  mercur\'  ex- 
creted by  this  channel  is  increase<l  by  the  inflammatory 
changes. 

Potassium  inJid  is  said  to  favor  the  excretion,  just  as  in  the  ca«  of 

lead,  hut  there  is  not  much  positive  evidence  on  this  point.  U  is 
equally  doubtful  whether  the  excretion  can  be  hastened  by  diuresis. 

3.  Fate  in  Body. —  Whilst  the  elimination  of  mercury  is 
a  slow  process,  it  disappears  quite  rapidly  from  the  blood, 
being  fixed  in  the  tissues. 

Its  distribution  is  much  the  same  as  that. of  lead.  It  i-  found  espe- 
cially in  the  kidneys,  to  a  less  extent  in  the  liver,  and  frequently  in 
the  intestinal  walls.  When  taken  as  vapor  it  is  also  found  tn  the  lung* 
Tn  other  organs  it  is  seen  only  in  acute  poisoning.  It  passes  through 
the  placenta  only  when  given  in  very  large  doses,  prohably  alter  in- 
juring the  vessels.  The  mercury  which  ha^  been  stored  is  quite  firmly 
fixed  in  the  non-digestible  nviclein  residue,  favoring  the  view  that  it  ii 
deposited  in  the  nuclei. 

Wlicn  injected  directly  into  the  blood-vessels  the  orgfatiic  (noo-ion) 
mercury  preparations  act  more  violently  than  the  inorganic.  Although 
mercury,  like  other  metals,  docs  not  act  until  it  ha«  l»een  c*>n\*ened 
into  ion  form,  the  organic  compounds  are  distributed  more  quickly 
throughout  the  body  and  are  readily  decomposed. 

n    TOXICOLOGY. 

1.  Etiology. —  The  most  frequent  cause  of  mercury- 
poisoning  was  fi)rmerly  the  excessive  and  injudicious  me- 
dicinal use  of  this  metal.  The  mercury  existing  in  the 
amalgain  used  U^x  filling  teeth  seems  to  be  so  firmly  com- 
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that  it  does  not  cause  {Hiisuning.  The  chances  for 
accidental  chronic  poisoning  with  mercury  are  not  nearly 
so  great  as  with  lead,  since  the  metal  is  much  less  widely 
used  in  the  arts.  On  the  other  hand,  it  adheres  more  per- 
sistently to  the  skin,  and  is  more  readily  absorbed  and 
more  toxic,  so  that  a  much  smaller  proportion  of  those 
exposed  escape  poisoning. 

2.  Actions  in  Acute  Poisoning.' — (a)  The  plienomata  of 
the  general  poisoning  by  intravenous  injection  consist  in  a 
very  marked  fall  of  blood  pressure,  due  to  a  direct  paralyz- 
ing action  on  both  the  heart  and  the  blood-vessels.  The 
former  involves  both  ganglia  and  muscle,  (v.  Mering. 
1880.) 

(b)  Mercury,  liowever  taken,  has  comparatively  little 
effect  on  the  central  nervous  system,  especially  in  acute 
poisoning,  the  only  symptoms  which  are  noticed  being  sec- 
ondary to  the  fall  of  blood  pressure.  Consciousness  is  usu- 
ally preserved  to  the  end.  In  chronic  mercury- poisoning 
there  is  sometimes  a  noticeable  tremor  —  tremor  mercu- 
rialis.  and  a  heightened  psychic  irritability  —  the  so-called 
erethistnus.  These  are  probably  uf  central  origin.  Some- 
times, however,  there  is  instead  a  dulling  of  the  faculties. 
Mercur}'.  like  lead,  may  also  produce  peripheral  neuritis, 
but  much  later  than  in  the  case  of  lead-poisoning. 

(c)  Local  Action. —  The  general  effects  are  largely  over- 
shadowed by  the  s)'mptoms  arising  from  the  local  action, 
which  consists  of  a  chemic  irritation  or  cormsion : 

I.  These  are  most  prominent  in  the  alimentary  canal. 
even  when  mercury*  has  been  given  by  any  other  channel  — 
by  inhalation  ar  by  hypodermic  or  intravenous  injection. 

They  may  l>e  (\uq  in  part  to  the  paralysis  of  the  capil- 
laries, but  are  mainly  produced  by  direct  chemic  corrosion. 
since  the  metal  is  largely  excreted  through  this  channel. 

The  result  is  a  peculiar  gastro-enteritis.  Tt  begins  in  the 
upper  portion  of  the  alimentary  canal.  There  is  an  early 
stomatitis  leading  to  ulceration,  and  this  may  extend  so 
■deep  as  to  affect  the  bones»  producing  necrosis  of  the  jcnv. 
Increased  salivation  is  a  prominent  symptom.  It  is  prob- 
ably due  to  the  excretion  of  the  mercury  through  the  sali- 
van,'  glands.     There  is  also  a  characteristic  metallic  taste, 

The  gastro-enteritis  is.  however,  most  violent  in  the 
lower  portions  of  the  intestine,  and  the  symptoms  bear  a 
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close   resemblance   to  those  of  dysentery.      The   anatomic 
lesions  —  ulceration  of  cecum  —  are  also  similar.* 

2.  The  excretion  of  mercury  through  the  skin  produces 
various  skin  diseases;  the  excretion  through  the  kidneys, 
as  has  been  said,  nephritis.  There  is  frequently  a  formation 
of  lime  crystals  in  the  lumen  of  the  tubules  and  possibly 
in  the  cells  themselves.  No  explanation  for  this  can  be 
given.      ( Saikowsky.   1866. ) 

3,  Course  of  Poisoning. —  The  fatal  dose  of  mercuric 
chlorid  is  0.18  Gm.  Death  may  take  place  inside  of  half 
an  hour,  from  collapse.  More  usually,  however,  the  symp- 
toms last  several  days;  and  death  takes  place  from  the 
lesions  of  the  intestinal  canal. 

The  acute  poisoning  may  pass  into  the  chronic  form  —  i.  f.,  a  single 
dose  may  be  capable  of  producing  chronic  mercury-poisoning  —  since 
the  mercury  is  excreted  with  such  extreme  slowness. 


I 


4.  Treatment —  Tire  trccUment  of  acute  imrciiry- poison- 
ing will  ordinarily  be  directed  against  the  gastro-enteritis. 
The  object  will  be  to  prevent  the  poison  from  coming  in 
contact  with  the  cells  of  the  intestine,  and  als«j  to  convert 
it  into  a  less  irritant  form.  Since  the  corrosive  and  irri- 
tant action  is  due  to  its  combining  with  nitrogenous  mate- 
rial,  it  can  be  much  lessened  by  the  artificial  introtluction 
of  such  material. 

The  ordinary  antidotes  are  ivhitc  of  egg  and  milk,  which 
fulfill  all  these  indications.  The  resulting  compounds  must 
of  course  be  proniptlv  removed  by  emetics  or  lavage,  else 
they  will  be  absorbed  and  produce  general  poisoning.  One 
must  be  cautious  not  to  introduce  any  common  salt  into  the 
stomach  as  long  as  mercury  is  present;  for  this  would  in- 
crease ihe  solubility  of  the  latter. 

in.  CHRONIC  MERCURY-POISONING. 

fa)  Chronic  mercury-poisoning  aflfects  metabolism  pro- 
f*iundly.  producing  cachexia.  There  are  also  fatty  degene- 
rations of  the  various  organs,  as  in  the  case  of  arsenic  or 
lead-poisoning.  An  occasional  consecpience  of  mercury- 
poisoning  is  diabetes.  On  the  other  hand,  merniry  is  some- 
times beneficial  in  diabetes  if  this  is  of  syphilitic  origin. 

*  See  plate*  41,  4J  and  4S  of  E.  v.  Hofntann,  Attu  of  Lcf&I  Medicine.  W. 
B.  Saundeis,   1898. 


mercury;  chronic  poisoning. 

The  chemic  study  of  these  metabolic  effects  is  very  inconclusive  and 
ifficult.  on  account  of  the  extensive  action  of  mercury  on  the  alimcn- 
iry  canal  and  upon  the  kidneys. 

<b)  It  has  been  claimed  that  mercury  produces  a  rarefaction  off 
one.  This  is  undoubtedly  found  in  a  great  many  cases  of  chronic 
lercury-poisoning,  but  so  far  it  has  not  been  possible  to  exclude 
t'philis  as  the  cause  of  the  rarefying  osteitis.  It  is  quite  conceivable, 
owcvcr,  that  mercury  has  such  an  action;  for  the  amount  of  lactic 
cid  in  the  blood  is  markedly  increased  by  it,  and  this  might  effect 
)luiion  of  the  lime  salts,  and  this  in  turn  might  account  for  the 
ilcareous  deposits  m  the  kidneys. 

(c)  It  was  formerly  claimed  that  mercury  possessed  a 
larked  cholagognc  action.  But  it  has  been  demonstrated 
n  biliary  fistulx  that  the  flow  of  bile  is  not  increased. 

The  green  color  of  the  stools,  on  which  this  Iwlief  was  based,  is 
(plained  by  the  lessening  of  the  putrefactive  changes  which  are  re- 
)onsiblc  for  the  conversion  of  the  green  bile  pigments  into  those  of 
e  feces. 

(d)  Very  small  doses  of  mercury  may  have  the  same 
mcHcial  effect  upon  metabolism  as  small  doses  of  arsenic, 
nd  probably  act  in  much  the  same  manner.  The  patient 
lay  increase  in  weight,  and  the  number  of  red  blood-cor- 
iiscles  mav  rise,  etc.      (  Schlesin^er,  1884.) 

(e)  The  treatment  of  chronic  mercury-poisoning  is  the 
ime  as  that  of  all  chronic  mctal-poisoiiiiig,  the  ohject 
ring  to  favor  the  elimination  of  the  metal  by  all  possible 
nannels. 

As  has  been  said,  it  is  claimed  that  potassium  iodid  hastens  this 
imination,  and  this  has  not  been  disproved.  Hygiene  is  of  great  im- 
►  nance  For  the  stomatitis  and  salivation,  cleanliness  itf  the  mouth 
t^  washing  with  ahim  or  potassium  chlorate  are  very  efficient.  The 
<r*phylaxis  in  factories  where  mercury  is  employed  is  the  same  as  in 
e  case  of  lead. 

IV.  THERAPEUTICS. 

1.  Tlie  use  of  mercury  in  ayphillB  rests  entirely  upon  an 
ripiricaj  basis. 

S^>  do  not  even  know  whether  its  action  is  due  tn  specific  toxicity 
^  the  N-inis  of  s>-philis  or  whether  it  is  due  simply  to  the  general 
^<15  upon  metabolism  by  actions  analogous  to  those  of  arsenic.  TTie 
•TTier  seems  to  he  the  case. 

Although  the  usefulness  of  mercury  in  syphiTitic  disorders  had  up 
recent  years  been  a  subject  for  much  animated  discussion,  there 
^ar5  to  be  at  present  no  reason  to  doubt  that  it  is  n<it  only  pailia- 
*'^.  hut  curative,  in  the  secondary  stage  of  syf>hi!is.  congenital  as 
'*11  as  acquired ;  whilst  it  is  useless  in  the  first  and  third  stages. 
The  fir«t  stage  is  best  treated  expectantly,  the  third  with  iodids.    The 
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other  forms  of  treatment  —  sweating,  diet,  other  metals  (gold,  etc.). 
sulphur-baths,  and  the  various  vegetable  antisyphililics  —  cither  act  by 
supporting  the  mercury  or  are  useless. 

The  mercurial  treatment  offers  the  greatest  chances  of 
success  if  it  is  begun  early  in  the  disease.  In  order  to  be 
of  any  permanent  benefit  it  must  be  continued  for  a  con- 
siderable time  —  se\'eral  years — long  after  the  symptoms 
have  entirely  disappeared.  When  used  in  this  way  there 
can  be  no  doubt  but  that  it  frequently  effects  a  permanent 
cure.  The  dose  should  never  be  kept  at  a  point  which 
would  cause  local  symptoms. 

2.  The  best  method  of  administration,  by  the  stomach,  is 
to  begin  with  small  doses  —  perhaps  one-third  of  the  full 
dose  —  and  increase  these  gradually  —  say  io%  everj'  day 
—  until  the  first  tenderness  of  the  gums  api>ears.  The  dose, 
should  then  I>e  cut  down  to  half  of  that  taken  al  this  timCj 
and  continued  without  further  change. 


The  prolonged  administration  of  mercury  offers  serioas  difficulties 
on  account  of  its  irritant  action.  Given  by  mouth  it  is  very  apt  to 
produce  Kastro-enteritis,  much  more  easily  than  when  it  is  pivcn  by 
other  channels.  Since  the  irritation  is  due  to  its  combination  with 
the  ccll-proteids,  this  may  be  largely  avoided  by  administering  it  in 
the  form  of  proleid  compounds  —  the  albuminate  or  peptonate.  The 
iodid!^  possess  some  advantage  over  the  chlorids  in  that  they  are  more 
easily  decomposed  in  the  body.  Whatever  form  is  given,  the  patient 
should  he  placed  upon  an  easily  digested  but  nutritious  dicf.  The  state 
of  Ihc  bowels  should  be  carefully  attended  to. 

If  there  is  great  urgency,  or  if  the  alimentary  canal  will  not  tolerate 
the  mercury,  it  may  also  be  introduced  by  other  channels,  but  all  have 
drawbacks. 

The  intramuscular  injection  of  mercuric  chlorid  is  extremely  pain- 
ful auH  may  cause  sloughing.  The  pain  is  less  if  sodium  chlorid  i« 
added  to  the  mercuric  chlorid.  Tt  may  also  he  diminished  by  using 
non-irritant  combinations  —  the  peptonate  or  albuminate  diss«dved  by 
the  aid  of  sodium  carbonate  or  chlorid ;  or  mercuric  bcnxoate  with 
sodium  henrnate. 

The  cyanid  may  also  he  used  hypodermically  fo.oojj  to  0.005  Gnt). 
Suspensions  of  insohiblL*  mercury  preparations  in  oil  appear  useful 
for  fntra-ghitcal  injection,  since  the  injections  need  only  be  made  once 
or  twice  a  week.  Adeps  Lanae  Hydrosus  is  the  best  mensiruum.  as 
it  avoids  the  danger  of  emholif;m.  The  sa1ic>'late  has  been  used  in 
this  way  Co  I  Gm.  in  2  c.  c  of  oil),  as  also  a  50%  emulsion  of  metallic 
mercury  (one  drop,  gradually  increased  to  ^  drops.) 

For  tnunctitm.  the  mercury,  usually  in  the  form  of  a  salve,  is  nihbed 
into  the  skin  —  tiot  smeared  over  it.  A  piece  of  the  ointment  i« 
rubbed  into  the  surface  of  the  skin  until  the  mercury  has  disappeared 
A  new  surface  is  taken  each  day.  the  round  of  the  tmdy  being  made 
m  about  six  days.  The  blue  sake  is  the  most  popular  preparation 
The  officinal  article  may  be  improved  upon  by  more  thorough  cmul- 
sification   with   soaps.     The  absorption  of  the  ointment,  a:S   well  as  of 
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the  vapor  in  fumigation,  can  be  rendered  much  more  efficient  by  pre- 
:Tding  it  hy  a  thorough  diaphoresis.  Il  is  quite  immaterial  whether 
this  h«  attained  by  teas,  hy  not  baths,  medicated  or  not.  or  by  other 
means.  For  fumigation  a  gram  of  calomel  is  volatilized  over  an 
alcohol  lamp  in  a  closed  chamber  completely  surrounding  the  patient, 
with  the  exception  of  the  head.  A  rubber  or  other  blanket  answers 
ihe  purpose  very  well.     The  inhalation  is  obsolete. 

The  intravenous  injection  of  mercuric  chlorid  has  also  been  success- 
fully used,  beginning  with  6  to  8  mg.  and  increasing  rapidly  to  18  mg., 
repealing  daily,  and  also  giving  mercury  by  mouth  (Tommasali).  Al- 
:hough  no  bad  effects  have  been  reported,  the  method  is  open  to  such 
prave  dangers  in  inexperienced  hands,  that  it  will  scarcely  become 
lopular. 


3.  Contraindications. —  Mercury  preparations  are  contra- 
ndicated  whenever  there  is  cachexia  or  any  chronic  disease 
n  which  the  resistance  of  the  Ixidy  is  lowered ;  for  chronic 
x)isoning  is  then  induced  very  easily.  Nor  should  il  be 
anployed  when  there  is  nephritis,  nor  after  the  sixth  month 
:»f  pregnancy,  since  mercury  has  a  somewhat  deleterious 
•ffect  on  the  course  of  pregnancy  and  upon  the  child. 
^L  Of  other  actioni  the  diuresis,  caused  by  mild  irritation 
wmt\  small  doses,  is  used  especially  in  heart  disease  ( see 
»age  684).  The  therapeutic  uses  resting  upon  its  other  lf>cal 
fFects  are  disnissed  elsewhere.  (Antiseptic.  Chap.  XVII; 
Parasiticide,  Chap.  XXIX,  G;  Intestinal,  Chap.  XXX,  D 
pE.) 

"^  V    MATERIA  MEDICA. 


,  Preparations  of  Metallic  Mercury: 

Hydrargvrum     (U.S.P..    B.P.)  — Hg. 
G    13.535- 


A    fluid,    silver*white    metal. 


FOR  INTERNAL  USE. 


^^^H  ATTRAf^R    DOSR. 

^^^  (U.S.P). 

'ydrargyrum  cum  Crela  (U.S.P..  B.P.).— 

i  Orav   Poivdcr)    0.25  Gm,  ^  4  ffr. 

'i»i*a  'Hvfirargyri  (U.S.P.)  \Biue  Mass..  0.25  Gm.  =  4  fiTT- 
timia  Hydrargyri  (B.P.)       \BtMe   PiU..., 


Pra  Ct. 
opHg. 

38. 
33- 


has   TC- 


^Mhidal   Mercury    (Hydrargyrum    Colloidale,    Hyrgolum) 

fflny  been  recommended  as  being  less  irritant  and  less  toxic  ihatl 
rdinary  mercury;  it  is  at  the  same  time  more  rapidly  absorbed.  The 
Lfmmercial  product  is  still  rather  impure,  arid  it  has  not  received  a 
iflficient  trial  to  decide  on  its  value.  It  is  best  employed  by  inunction 
i  Gm.  per  day  of  a  10%  ointment);  but  it  may  also  he  uvd  by 
louih  (pills  of  0.03  to  005  Gm.),  and  as  a  dusting  powder  for 
lomata.  # 


FOR  EXTERNAL  USE. 

Unguentum    Hydrargyri    (U.S. P.,    B.P.).— 

Mercurial   Omtm^nt. —  In    suet   and   ben- 

zoinaled    lard   

(For   inunction.) 
Ung,    Hydrarg.    Dilutum    (V. S.P. ).— Biuf 

Ointment. —  ^  of  mercurial  ointment,  V^ 

petrolatum     .'.,,. 

(For  pedicuH) 
Vt*f'    Hydrargyri    Compositum     (B.P.). — 

Crintains  camphor 

BmpUutrum   Hydrargyri  (U.S.?.,  B.P.)... 

a.  Mcrcurous  SaltA. —  These  arc  practically  insoluble  powders ;  not  to^ 
be  prescribed  wtlh  jodids: 

Dose. 
Hg.a.  —  Mild 
Mercurous 
Chloride,    Cal- 
omel (white)  .    0.006  to  0.6  Gm.  (V"  to  10  grs.) 

T  T  c  p  .        Laxative o.  las  Gm.  =  2  gn. 

u.3.r. .        Alterative 0.065  Gm.  =  i  gr. 


Uydrargyri  Chlori- 
dumMite  (U.S. P.) 

Hydrargyrum  Sub- 
chloridum      (B.P.) 


Enters   into: 
Pil.  Cathartica  Comp  {VS.V.) 
Pil.  Hydrarg.  Suhchlor.  Comp, 
.        (B.P.). 

Ung.   Hydrarg.   Suhchlor.    (B. 

P.).— 10%. 
Lotto      Nigra      (B.P.,      N.F.) 
f  Rlaek      H'ash ) .—  7.5      Gm. 
HgCI   to  liter  of  Lime-water 
Shake. 
Hydrargyri  lodidum  Flavum 

aJ.S.P.).  Protoiodid  of  Mercury  — 
Hgl.  Bright  yellow.  Generally  ad- 
mini5(cred  as  tablets  

3>  Mercuric  Salts: 


o.oi  to  ao6  Gm.  VA  \o  \  p" 
(10  mg.  =  >S  gr.,  U.S.P.) 


Hydrargyri  Oxtdum  Rtthrum 
Hydrargyri  Oxidum  Flavum 


(U.S.  P.. 

curie 


B.P.).— /?fd  and  yellow  mer- 
oxid. —  HrO.     Practically    in«>! 
powders.     Not  used  internally.     (The 
color  depends  on  the  method  of  prep- 
aration. 

Vng.  Hydrarg.  Oxid    Ruhri  (VS.V.,  B.P.)        I'**!^.'"   ^°°'   ^*^ 
Ung.  Hydrarg.  Oxid.  Flazi  (U.S.P.)  I      ""^ 

i'ng.  Hydrarg.  Oxid    Flmi  (B.P.).— 2%. 
Hydrargyri  Chloridum  Corrosium    (U.S.P.)     fHgOt      Crystals     or 
Hydrargyrum  Perchloridum    (B.P.)  -j      while  piiwdcr.     Sol. 

Mercuric  Chhrid,  Corrosive  Sublimate  I      in  ij  water.  3  ale 

Dose:  i  to  6  mg.  ('/«  to  V»  gr.)   (3  mR  ='/»  gr..  U.S.P.). 

Liquor  Hydrarg,  Perchlor.    (B.P.).— I  5  =  Vm  gr.     Dose:   ^  to 
t5. 

LoHa  Flava  (B.P..  N.F.).— 3  parts  HgOj  in  1.000  Lime-Wairr. 
Shake. 

•5a/  Alembroth.~2  parts  HgCU  i  part  NaCI.    Less  irritant 
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Hydrargyri  lodidum  Rubrum  (U.S.P.,  B.P.).— Hglj.  Red  powder, 
almost  insol.  in  water,  freely  sol.  in  solutions  of  iodids.  Dose:  As 
corrosive  chlorid. 

Liquor   Arseiti   ci    Hydrargyri   lodidi. —  See    Index.    Dose:    o.I 

C.  0.  =  !^^    TTl. 

Hydrargyrum  A»i»toniatum  (U.S. P..  B.P.). —  IVhiic  Frectptlate.— 
HgNHiCl  —  80%  Hg.  White  powder,  obtained  by  precipitating  HgOa 
with  ammonia.     Insol. 

L'ng.  Hydrarg.  ^mmofi.  .(U.S.P..  B.P.).— 10%  in  Wool-Fat  and 
While   Petrolatum. 
OUatum  Hydrargyri   tU.S.P.). —  25%  of  yellow  mercuric  oxid. 

Ung.  Hydrarg.  Oieat.   (B.P.).— i   in  4. 
Liquor  Hydrargyri   NitraUs    (U.S.P..    B.P.).— 60%   Hg(NOi)i   and 
11%  HNO..    Caustic. 

Ung.  Hydrarg-  Kitrafis  (US. P..  ^.P.).— Citrine  Ointment  — 
7%  of  mercury.  di.=isolved  tn  nitric  acid,  and  suspended  in 
lard.     Used  on  ulcere.     Irritant. 

*  Hydrargyri  Cyanidum. —  HgCCN),. — Sol.  in  13  water.  White 
powder :  1   to  6  mg.  = '/«  lo  Vi«  gr 

*  Hydrargyri  Suhsulfhas  Flatus  — H^iHgO),S04.—  Turpelh  A/iV 
eral. —  Yellow  powder. 

XVII.  LEAD. 

The  phenomena  of  lead-poisoning  are  characterized  by  the  indf- 
pmdent  invohment  of  very  numcrpus  and  diverse  organs.  Lead,  in 
this  respect,  occupies  a  rather  peculiar  position  amongst  the  metals, 
and,  indeed,  amongst  all  poisons.  For  whilst  so  extensive  an  action 
suggests  the  idea  of  a  general  toxicity  to  pnHaptasm.  this  does  not 
seem  to  exist,  since  lead  is  comparatively  iion-laxic  to  lower  organisms. 
It  is  a  specialized  poison  ;  but  it  is  specialized  for  quite  a  number  of 
tissues  and  organs. 


I.  ABSORPTION,  ETC— ETIOLOGY  OF  POISONING. 

The  action  of  lead  is  influenced  so  greatly  by  it^  absorp- 
tion, retention,  and  excretion  that  it  will  be  well  to  <liscuss 
these  subjects   first. 

Lead  salts  arc  astringent  rather  tiian  corrosive.  They 
may  cause  sufticient  corrosion  to  be  absorbed,  but  this  ab- 
sorption is  never  sufficient  to  cause  acute  fatal  poisoning; 
from  systemic  effects.  At  least,  no  case  is  on  record  in 
which  this  has  occurred.  A  very  small  amount,  however, 
is  absorbed  fairly  reatlily.  in  whatever  form  the  leatl  is 
given  and  whether  in  large  or  small  doses.  This  is  quite 
insufficient  to  cause  any  immediate  symptoms.  Rtit  these 
traces  are  excreted  extrenvcly  slowly,  and  this  ready  absorp- 
tion and  slow  excretion  furnish  the  conditions  for  cumu- 
lative action. 

In  this  way  it  is  responsible  for  very  many  deaths,  many 
more  than  arsenic.  Lead  may  be  absorbed  from  any  part 
of  the  surface  of  the  bcjdv —  from  the  skin  as  well  as  from 
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the  alimentary  canal.  Hair  dyes  containing  lead  arc  a 
fre(|uent  source  of  poisuning;  but  tlie  absorption  is  much 
greater  from  tbe  mucous  membranes,  and  the  gastro-in- 
testina!  tract  furms  by  far  tlie  most  common  way  of  en- 
trance. 


Occasions  for  the  introduction  of  lead  arc  very  numerous.  The 
metal  is  nscd  extensively  in  the  arts,  and  the  workers  in  these  — 
painters,  dyers,  type-setters  and  type-founders,  plumbers,  etc.— are  the 
most  frequent  sufferers  after  lead  miners  and  the  working-men  in 
white-lead  factories.  Artisans  working  with  lead-paints  are  by  far  the 
most  common  victims.' 

But  the  occurrence  of  chronic  lead-poisoning  is  by  no  means  con- 
fined to  these  artisans.  The  metal  is  so  widely  distributed  that  every 
one  is  to  some  extent  cxpnscfl.  Some  of  the  ways  m  which  poisoning 
has  occurred  are  very  surprising.  Others  are  more  easily  understood. 
Perhaps  the  first  of  these  to  come  to  the  mind  is  lb*  lead  of  watfr- 
pifcs.  The  opinion  amongst  medico-legal  authorities  a«  to  the  danger 
of  lead-pipe  has  varied  considerably.  But  at  the  present  lime  It 
seems  to  be  accepted  that,  if  perfectly  pure  water  is  allowed  to  flow 
through  bright  and  clean  lead-pipes,  poisoning  results  invariably.  In 
this  case  the  surface  of  the  lead  is  changed  into  a  hydrate  (Oowes, 
]gaj),  and  this  is  sufficiently  soluble  to  cause  the  intoxication  Bui 
the  danger  is  very  much  less  with  old  lead-pipes  as  orduiarily  used; 
these  have  become  lined  with  a  layer  of  lead  oxid,  PhO  +  Ph.  This 
is  quite  insoluble,  and  does  not  form  a  hydrate.  The  chance  of  solu- 
tion is  still  less  if  the  water  contains  calcium  carbonate  and  carbonic 
acid.  Ordinarily  lead-pipes  would  therefore  present  but  little  danger. 
But  even  then,  if  the  water  is  allowed  to  stand  a  long  lime  in  the 
pipes,  some  solution  is  bound  to  occur.  On  account  of  ihis  danger* 
lead-pipes  should  be  condemned. 

The  employment  of  lead  vessels  for  cooking  should,  of  course,  be 
entirely  discarded.  Tinned  vessels,  especially  tin  cans,  usually  also 
contain  a  certain  amnunt  of  Itiid  in  the  solder.  If  the  percentage 
does  not  exceed  a  certain  limit,  the  lead  seems  so  firmly  combined  in 
the  alloy  as  to  prevent  its  solution  even  by  moderately  acid  liquids, 
such  as  vinegar.  If  it  exceeds  this  quantity,  a  certain  amount  will 
be  dissolved,  and  viU  exert  its  toxic  action.'  Tlic  addition  of  some 
lead  is  also  necessary  in  tin-foil,  such  as  is  used  for  wrapping  articles 
of  food,  to  make  the  tin  workable.  Here.  also,  it  is  harmless  if  il 
does  not  exceed  a  certain  limit.  Lead  enters  into  the  glazing  of 
earihcmvare  vessels,  and  is  contained  in  many  varieties  of  glass:  but 
if  it  exists  entirely  in  the  form  of  silicate  of  lead,  it  presents  no 
danger.  All  these  vessels  may  be  easily  tested  with  sufficient  accuracy 
by  allowing  vinegar  or  dilute  acetic  acid  to  stand  in  them  for  twenty- 
four  hours  and  then  passing  a  current  of  sulphuretted  hydrogen 
through  the  liquid.  If  there  is  no  precipitate,  the  amount  of  lead  is 
below  the  dangerous  limit.  It  is  a  somewhat  peculiar  fact  that  lead 
bullets    in    a    wound    do    not    seem    to    exert    the    lead    action.     They 

'  The  ftnokv  and  fumcfl  from  lead  factories  contain  quite  a  larire  imouitt  of 
the  meial.  This  is  deposited  on  the  soil  and  on  the  surface  of  ptantSw  and  it 
also  taken  up  into  the  tisKues  of  the  latter.  Cases  of  poisoning  have  been  referrrd 
to  the   milk  of   cows  fed  on   ihcte. 

'  In  Gcrmaoy,  Austria,  and  some  other  countries,  the  lead  in  solder  which 
comes  in  contact  with  foo^  is  limited  by  law  lo  10%,  in  tin  plate  to  i^^.  u>d 
in  France  only  half  of  this  amount  is  pcrniiltrd.  None  of  the  States  in  the 
Union  place  any  limit  on  this,  dcsirahle  as  it  appears  from  a  hygienic  ttuidpoint. 
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probably  become  oxidized  in  such  a  way  that  none  of  the  metal   is 

absorbed. 

The  lead  is  always  absorbed  in  the  form  of  soluble  proteid  com- 
binatimts.  These  may  be  formed  from  lead  compounds  which  are 
perfectly  insoluble  in  water  or  acids.  Even  lead  suifhate.  one  of 
the  most  insoluble  of  substances,  will  be  absorbed  in  sufficient  amount 
to  produce  poisoning,  so  that  sulphuric  acid  is  useless  as  a  prophy- 
lactic. 

Excretion. —  Lead  is  excreted  by  al]  channels,  possibly  with  the  ex- 
ception of  the  sweat.  The  principal  path  is  by  the  epithelium  of  the 
skm  and  especially  of  the  alinxentary  canal.  It  is  said  that  chronic 
Icad-poisoning:  may  usually  be  detected  by  paiiiling  the  skin  with 
sulphid  of  ammonium,  this  giving  a  black  color.  In  painters  this  is 
perhaps  often  due  to  the  adherence  of  lead  to  the  skin. 

A  part  of  the  lead  is  excreted  by  the  urine,  where  it  may  be  de- 
tected for  forty  days  after  the  administration.  The  excretion  is  at 
6rst  hastened  by  potassium  rodid  (Melscns,  1849)  ;  but  this  soon 
ceases  to  be  efTectivc. 

The  lead  is  also  commonly  deposited  in  tlie  shape  of 
sulphid  on  the  edge  of  the  gums,  giving  the  characteristic 
"  lead  line/'  The  feces  in  lead-poisoning  also  very  fre- 
quently have  a  dark  color  from  the  action  of  the  H2S 
formed  in  the  intestines,  upon  the  excreted  lead. 

Retention. —  The  lead  which  is  retained  in  the  body  is  stored  espe- 
cially in  the  liver  and  other  organs,  the  blood  containing  only  very 
small  traces.' 

There  is  a  very  great  individital  variability  in  the  susceptibility 
to  lead-poisoning:  with  a  number  of  persons  exposed  to  the  same 
conditions,  and  nsing  the  same  precautions,  some  will  be  violently 
poisoned  and  others  not  al  all.  This  depends  perhaps  tTpon  diflfer- 
ences  in  absorption  and  excretion,  hut  anemic  patients  and  persons 
with  low  resistance  generally  are  verj-  susceptible. 


II.  PHENOMENA  OF  LEAD-POISONING. 

The  primary  s>Tnptoms  of  chronic  lead-poisoning  consist  in  local 
irritation,  changes  of  metabolism,  and  in  nervous  phenomena,  mainly 
of  central  origin. 

The  systemic  actions  do  not  occur  in  any  regular  order,  so  that  evi- 
<1ently  they  do  not  depend  one  upon  another, 

1.  The  local  irritant  action  is  seen  mainly  in  acute  poison- 
ing. 

(a)  Alimentary  Canal,— Lead  acetate  and  most  lead 
•jircparations  have  a  sweetish  astringent  taste.  This  is  soon 
^followed  by  the  usual  symptoms  of  irritation  in  ih-e  alinisn- 

>  Liver    0.03     lo   i.oo  % 

Kidiwy 003     "    0.07  % 

Brain    • .  ■ .  o.oj     '     0.0  j  % 

Bones    o.or     "    0.04% 

Mtucles    ...i 0.004  "    o.oo«% 

Blood ttftcc*. 
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tary  canal:  salivation,  dysphagia,  vomiting,  and  diarrhea. 
etc.  The  vnmit  is  sometimes  bloody.  The  diarrhea  is  not 
as  profuse  in  tcHd-poisoning  as  it  is  with  most  irritant 
poisons,  on  account  of  the  astringent  action. 

The  leatl  salts,  like  some  other  metallic  saUs.  form  an  insoluble 
coating  over  the  mucous  membrane  of  the  intestine,  and  so  prevent  the 
ordinary  lead  preparations  from  penetrating  and  from  causing  deep 
corrosion  and  extensive  absorption. 

(b^  Another  evidence  of  the  irritant  action  of  lead  is  found  at  the 
point  of  excretion ;  that  is  to  say.  in  the  kidneys.  Nephritis  \%  a 
very  common  consequence  of  acute  lead-poisoning,  and  an  invariable 
accompaniment  of  chronic  intoxication.  In  the  latter  case  it  may  br 
in  part  secondary  to  sonK  of  the  other  effects  of  the  lead :  vir.  Ihe 
gout  or  the  arteriosclerosis. 

(c)  The  local  irritant  actions  upon  the  ahmentary  canal  and  upon 
the  kidneys  help  to  explain  the  metabolic  changes,  but  these  are 
also  in  part  direct,  in  part  secondary  to  the  vascular  injur>-.  The 
chemic  changes  are  rather  obscure.  There  is  a  profound  anemia. 
The  pallor  is  at  first  due  merely  to  constriction  of  the  cutaneous  ves- 
sels;  hut  later  there  is  a  diminution  of  hemoglobin  and  of  the  number 
of  red  corpuscles.  The  latter  undergo  a  granular  degeneration 
Their  destruction  very  frequently  Rives  rise  to  icUths,  The  intima  iff 
the  biood'vetscls  underKocs  fatty  degeneration,  and  this  is  frequently 
followed  by  arteriosclerosis.  Fatty  degenerations  arc  also  found  in 
other  organs :  in  the  kidneys,  liver,  and  other  glands.  Another  ex- 
pression of  the  perverted  metabolism  is  the  occasional  production  of 
gout. 

Lead  always  exerts  an  unfavorable  influence  upon  pregnancy.  The 
number  of  miscarriages  in  women  affected  by  lead-poisoning  is  very 
large:  and  of  the  children  born,  by  far  the  largest  proportion  die  dur- 
ing the  first  year  of  life. 


2.  The  effects  of  lead-poisoning  upon  the  peripheral 
nerves  and  muscles  are  very  often  cliaracterized  by  the 
fact  that  the  symptoms  appear  suddenly,  last  for  quite  ^ 
short  time, —  several  hours,  perliaps. —  and  then  <iisap- 
pear,  to  recur  later. 

(a)  The  must  cf>ns]>icuous  of  these  peripheral  effects  is 
lead  colic' 

It  is  characterized  by  violent  pains,  localized  especially 
near  the  umbilicus.  The  abdomen  is  very  conspicuously 
contracted,  even  scaphoid.  The  patient  frequently  lies  on 
his  face,  with  the  fists  pressed  against  the  painful  rcgioa 
since  pressure  relieves  the  distress. 

This  colic  is  cause<l  Iiy  the  violent  contraction  <if  the 
intestinal  muscles.     Since  this  forces  the  blood  out  of  the 


*  Thiii  if  produced  M  rradily  bjr  the  hypodermic  or  intrarenout  adminii 
of  lead,  as  when  it  is  taken   by  mouth. 
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vessels  of  the  splanchnic  area,  the  general  blood  pressure 
will  rise,  the  pulse  will  be  hard  and  tense,  and  the  heart  will 
be  slowed. 

The  cause  of  this  contraction  must  be  a  stimulation  of  th^  neri'f 
endings,  since  it  does  not  possess  the  peristaltic  character  of  the 
ganglionic  stimulation  and  is  entirely  abolished  by  atropin.  It  is  largely 
rehevcd  by  measures  which  dilate  the  blood-vessels,  for  instance, 
nitrites,  so  that  one  is  justi6ed  in  assuming  a  primary  vasoconstriction 
as  one  of  its  causes. 

<b^  Of  other  affections  of  the  peripheral  nerves,  aHcsthcsia  or 
disturbed  sensation  of  the  skin,  and  more  rarely  of  underlying  organs, 
is  conspicuous. 

.\  striking  instance  of  this  disturbed  sensation  is  the 
arthralgia  saiurnina,  a  painful  affection  of  the  joints  and 
adjacent  muscles.  The  pain  is  very  violent,  as  in  the  colic, 
which  it  resembles  closely.  Like  this,  it  appears  suddenly, 
lasts  a  few  hours,  disappears,  and  recurs.^ 

Neuralgias  occur  occasionally.  They  have  perhaps  sev- 
eral explanations:  In  some  cases  they  are  due  to  a  periph- 
eral neuritis,  in  others  to  an  action  on  the  central  nervous 
system. 

(c)  The  actions  on  the  motor  system  consist  in  neuritis, 
paralysis,  and  atrtjphy. 

The  seat  of  this  action  has  given  rise  to  considerable  discussion.  It 
has  been  placed  in  the  central  nervous  system,  in  the  peripheral 
nerves,  and  in  the  muscle  celts.  The  last  two  arc  probably  the  usual 
seat,  but  the  central  nervous  system  may  undoubtedly  participate  in 
some  cases. 

The  action  of  lead  upon  isolated  muscle  is  quite  characteristic.  There 
is  at  first  an  increase  in  the  ease  with  which  the  muscle  is  fatigued, 
and  the  fatigue  curve  presents  some  very  peculiar  changes.  In  the 
normal  fatigue  curve  the  height  of  the  successive  contractions  de- 
creases in  a  perfectly  regular  manner;  if  a  line  is  drawn  joining  the 
summits  of  contractions,  this  is  practically  straight.  But  if  fatigue  is 
produced  in  a  muscle  poisonc<l  by  b-ad.  the  line  is  extremely  irregular. 
One  contraction  wil!  be  very  low,  another  high,  etc.  It  will  also  re- 
quire a  less  nvimber  of  contractions  to  produce  complete  fatigue  than 
in  the  case  of  normal  muscle    (Harnack,  1878). 

Tn  chronic  poisoning^  in  tlie  intact  animal  early  fatigue  is 
also  a  prominent  symptom.  This  gives  way  to  paralysis. 
The  paralysis  is  follovi-ed  by  total  atrophy. 

The  onset   is  slow.    The  muscles  first  become   insensitive  to  volun- 
*.ary   stimulation  and   later   to   electric.     At   this   time   the    reaction   of 

*Thia  arthralgia  is  not  seen  in  animals:  but  these  seem  to  Sc  much  \tm  »en- 
K^filivc  to  articular  |iain  tlian  man.  They  also  show  very  little  diitress  iC  acute 
^k.vlbntis  is  prodticcd  by   uric  acid  injcL'tinn. 
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degeneration  sets  in;  that  is  to  say,  the  muscle  is  hypersensitive  to 
gajyanic,  and  less  sensitive  than  normal   to  faradic  stimulation. 

The  heart  may  be  similarly  affected,  and  this  quite  early  in  the 
poisoning;  this  is  the  case  especially  if  the  poison  is  injected  directly 
mlo  the  blood. 

The  action  upon  the  peripheral  motor  ntrvts  is  probably  quite  similar 
to  the  direct  muscular  action. 

This  paralysis  of  the  extensor  muscles  has  been  advanced 
to  explain  a  very  common  phenomenon  of  lead-poisoning, 
the  drop  wrist  or  lead  wrist.  Others,  however,  attempt 
to  explain  il  by  active  contracture  *if  the  t»pp<>sing  flexor 
muscles.  It  is  not  unlikely  that  both  have  a  part  in  the  ex- 
planation. 

The  contracture  begins  at  the  metacarpo-carpal  articula- 
tion of  llie  two  mifUIle  fiuj^ers.  then  the  two  outer  ftngers 
and  the  thumb,  and  then  the  wrist. 

3.  The  effects  upon  the  central  nervous  aystem  constitute 
what  is  called  cncephalopathia  saturnoHs.  They  are  ex- 
erted especially  on  tlie  cortex.  There  is  first  irritation. 
whicli  is  followed  by  paralysis.  The  effects  are  botli  sen- 
sory and  motor,  but  particularly  the  latter.  Tliey  l>egin 
with  contractures,  then  choreic  movements,  then  possibly 
generalized  convulsions .^ 

Later  the  nmlor  stimulation  gives  place  to  paralysis. 

On  the  ])art  of  the  mental  mid  psychic  faculties  there  is 
delirium,  then  depression,  and  in  the  last  stages,  coma. 
The  latter  may  also  be  uremic.  I  ^ad-poisoning  is  claimed 
as  a  contributory  factor  of  insanity. 

4 

It  rs  j^iiid  tliat  in  very  prolonged  case^  of  Icad-poisoninp.  tlif  in- 
terior columns  of  the  spinal  cord  show  histoloRic  degenerations  A 
case  of  criminal  poisoning  is  known  where  small  dose?  were  admin- 
istered during  six  months  The  symptoms  were  dci^cribed  as  per- 
sistent vomiting,  constipation,  and  colic,  followed  by  paresis  and  epilep- 
tiform cunvulsionii.  Symptoms  similar  in  all  respects  to  the  above  mar 
be  evokc<l  in  animals  liy  the  injection  of  organic  lead  preparations  «.ucfl 
as  lead-triethyl   (Harnack,  1878).* 

III.    TREATMENT   OF  LEAI7-POISONING. 

In  acute  Icad-polsomng  it  is  well  to  administer  a  sul- 
phate, so  as  to  render  the  lead  as  far  as  possible  insiMublc. 
and  then  to  remove  it  quickly  by  means  of  an  emetic. 


I 

I 


*  The   convulBionK   which   are   «een   in   1ead-t>o)sonlnc  are  nm  ahrayi   da 

Ihe   trad   iurU,   but  sometimM  to  the  nf|>hriti»;   t.  r.,   umnic. 

*  The  metal  Thaltlnm  rcsrmlile«  I^ail  in  ii<  action.  The  acrtaie  ha»  wen 
u«ei]  in  (I<>K-<i  of  none  \i\  o.ai  Gm.  per  day,  against  the  niitbt  sweat*  of  phtbixa- 
It  causcil   ncaritt4,   anil   its  ur>c  i»  not  juttlfied. 
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In  chronic  lead-poisoning  removal  of  the  lead  is  also  one 
of  the  main  indications.  Hot  baths  are  efficient  for  this 
purpose,  as  also  the  administration  of  potassium  iodid  in 
fairly  large  doses.  Fur  the  rest,  the  treatment  must  be 
purely  symptomatic:  For  tlie  colic,  belladonna,  opium,  and 
the  nitrites;  for  the  prevention  of  paralysis  and  atrophy, 
strychnin,  massage,  electricity,  etc. 

Prophylaxis  is  of  the  greatest  importance.  The  public 
should  be  thoroughly  educated  to  the  insidious  dangers 
of  lead,  and  the  chances  of  poisoning  carefully  guarded 
against.  The  sources  of  danger  —  lead-pipes,  etc. —  should 
be  eliminated.  Tin  cans,  foil.  etc..  should  be  frequently 
examined  l)y  authorized  persons.  Special  precautions  are 
required  in  lead  factories  and  in  exposed  trades.  Since  the 
main  channel  of  poisoning  is  by  the  mouth,  extreme  clean- 
liness should  be  encouraged  and  made  possible  by  liberal 
facilities  for  washing.  Food  should  not  be  permitted  on 
the  premises,  ami  the  clothing  should  be  changed  l>cfore 
leaving  the  works.  More  stringent  laws  are  greatly  needed 
in  this  connection. 


IV.  therapeutics: 

The  therapeutic  importance  of  lead  rests  entirely  upon  \\%  local 
a.siringcnl  actions.  The  local  application  of  ;in  alcoholic  solution  of 
lead  acetate  constitute  the  best  treatment  of  hy-poisonin^.  It  may  he 
douhted  whether  the  use  of  lead  for  any  otlicr  tlicrapemic  purpose  is 
justifiable,  in  view  of  its  dangers.  It  should  never  be  taken  inter- 
nally, and  should  never  be  continued  for  a  long  time. 


V.  MATERIA  MEDICA. 

PJumhi  Aceias    (U  S.  P..   B.  P.).— 5«gar  of  Lcad.  —  Vh{CM^O)..-k- 
jUiO.     While  crystals,     Sol.  in  2  water,  30  alcohol.     Dose:  0.065  Gm. 
=  1  gr.  (U.S.  P.).     Externally,  sat.  ale.  sol.  for  ivy-poisoning. 
Vng.  Plumb.  Acct.  (U.  P.).— 4%. 
Suppos.   Plumb.  Coml>.    (B.  P.). —  3  grs.   lead   acetate  and   I    kt. 

opium. 
Pii.   Plumbi  cum   Qpio   (B.  P.). —  i2»/i%   opium.     Dose:    2   to  4 
grs. 

liquor  Plumbi  Subacctatis   (U.S.  P.)    [ fortis.  KV].—  Gou- 

iard's  Extract,~2^%    Ph,0(C,tUO.),.— Used   only   for  making   prcp- 
n  rations. 

Cfratum   Plumbi  Subnci'tatis   (U.  5  P). —  20%  of  the  solution. 
Liquor  Plump.  Suhacvt.  Dilutus  (U.S.  P.,  B.  P.).— A^arf  WaUr, 

—  4%  of  solution  =  1%  of  salt.     Externally. 
Glycerinum  Plumb.  Subacef.   (B.  P.). 
J^/M4mbi  fodidum    (U.S.  P.,   ^.  P.).— Pbl,.— Bright    yellow   powder, 
'rnost  insol, 

Emplastr.  and   Ung.  Plumbi  lodidi   (B.  P.). 
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Fiumbi  Nitras    (U.  S.  P J.— PbtNOi)».— Colorless   crystals,   sol  in 
1.85  water,  almost  insol.  in  alcohol. 

PUimbi  Oxidum  (U.  S.  P.,  B.  V,).— Liiharge.     PbO.     Reddish  yellow 
powder,  almost  insol. 

Fiumbi      Carbonas      (B.  P.).—  White      Uod.^  (PbCO.),Pb{OH)». 
Insol. 

Ung.  Ptumbi  Carbon.  (B.  P.). 

Emphstrum  Fiumbi  (U.  S.  P.,  B.  P.).— Diachylon  or  Lead  Piaster  — 
A  lead-soap,  made  by  precipitating  soap  with  lead  acetate. 

Study  Materia  Hedica  Lrsion  St. 


XVIII.  PHOSPHORUS. 
I.  VARIETIES. 


Tlie  element  phosphorus  exists  in  two  forms,  the  red  and  yellow. 
The  former  is  non-volatile,  and  is  insoluble  in  water  or  oil,  is  not 
ahfiorhed,  and  is  therefore  not  toxic.  The  yellow  or  ordinary*  phos- 
phorus, whilst  also  insoluble  in  water,  is  very  volatile,  and  penetrate* 
the  tissues  with  ease,  especially  when  in  finely  divided  state,  or  when 
dissolved  in  fats.  Phosphorus  acts  as  such,  the  compounds  hang 
harmless  and  having  a  totally  different  action. 


n.   SUMMARY  OF   ACTIONS. 

1.  Direct  paralysis  of  cardiac  muscle. 

2.  Changes  in  metabolism,  consisting  in  an  increased 
decomposition  of  proteids;  diminished  oxidation;  fatty  \n- 
filtration  of  epithelium  and  niuscle.  with  subsequent  con- 
nective-tissue infiltration;  iticreased  formation  of  sarcolactic 
acid ;  modifications  in  bone-formation  and  in  the  blood. 

in.  DETAILS  OF  ACTION. 

I.  The  one  acute  and  direct  action  of  phosphorus  is  on  the  heart. 
Large  doses  paralyze  this  org:an,  acting  apparently  on  the  musc1e-fibcr«. 
( Ptiosphoriis  has  no  action  on  muscle-nerve  preparations.)  There  U 
consequently  a  fall  of  blood-pressure  and  eventually  cessation  of  cardiac 
action.   (  Meyer,  1881). 

Action  on  Metabolism. —  This  is  the  most  interesting  feature  of 
phosphorus  poi*;oning  from  a  scientific  standpoint,  being  almost  tmique. 
It  occurs  in  chronic  poisoning,  or  as  a  secondary  process  after  a  single 
larger  dose. 

It  cannot  he  said  that  the  process  is  very  thoroughly  understood. 
It  may  be  reduced  to  an  increased  metabolism  of  nitrogen,  and  a  di- 
minished oxidation.  But  what  relation  these  two  processes  bear  to 
each  other  cannot  l>e  'Stated 

(A^  Nitrogen  Metabolism.— Tin's  is  very  greatly  increased.  a.s 
fnuch  as  300%  (Storch,  i86j;).  All  the  nitrogenous  metabolites  par- 
ticipate in  this  increase  (v.  Jaksch.  1003")  ;  but  not  to  the  same  extent 
(Miinzcr,   1894).     The   urea   is   not   nearly   so  much   increased   as  the 
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Others,  and  may  even  be  less  ihan  normal.  It  is  to  a  large  extent  re- 
placed by  ammonia.  This  may  be  attributed  to  an  increased  produc- 
tion of  sarcolactic  acid.  But,  in  addition,  some  of  the  N  is  excreted 
in  the  urine  in  less  completely  oxidized  form,  as  leucin,  tyrosin,  and 
p«plone-like  bodies  (Schullzcn  and  Ries,  i86g). 

Some  light  is  thrown  on  the  metabolic  action  of  phosphorus  by  the 
observation  of  Jacoby.  that  it  greatly  increases  the  autolysis  of  the 
liver,  by  lessening  the  resistance  to  the  normal  aiUolytic  ferments. 
Fibrinogen  is  very  easily  autoly/ed,  so  that  it  disappears  in  phosphorus 
poisoning,  the  blood  thereby  becoming  noncoagulable. 

<B)  A  rise  in  the  metabolism  of  cell-proteids  always  causes  fatty 
changes  of  cells.  (This  is  also  seen  with  phUirrhtzin,  arsenic,  an- 
timony, many  volatile  oils,  alcohol  group,  benzol,  phatlin,  etc.)  In 
the  case  of  phosphorus,  the  main  effect  falls  upon  the  liver  cells,  but 
practically  all  other  cellular  organs  are  involved  :  muscle,  skeletal,  and 
cardiac;  kidneys:  blood-vessels;  epithelium  of  ston^ach  and  intestine, 
etc.  The  fatty  changes  are  preceded  by  "  cloudy  swelling,"  which  is 
probably  an  intermediate  stage.  'Ihey  are  followed  by  proliferation  of 
interstitial  connective  tissue   (cirrhosis). 

The  question  is  still  under  discussion  as  to  whether  the  fatty  changes 
are  infiltrations  or  degenerations;  whether  the  fat  is  merely  trans- 
ported from  other  portions  of  the  body,  or  formed  im  sttu.  The  bulk 
of  the  evidence  is  in  favor  of  infiltration.  There  seems  to  be  no  doubt 
that  the  total  amount  of  body-fat  in  the  frog  is  nut  increased;  and  it 
is  stated  that  the  fat  in  the  phosphorus-liver  does  not  differ  in  com- 
position from  the  body-fat.  Since  the  protcids  are  diminished,  as  also 
the  glycogen,  the  hypothesis  is  not  improbable  that  the  fatly  changes 
in  this,  as  in  other  conditions,  arc  the  expression  of  starvation.  The 
cell,  on  being  deprived  of  its  ordinary  food,  draws  on  the  fat  of  adipose 
structures  to  supply  the  deficiency. 

(a)  The  changes  in  the  Liver  consist  then,  in  increase 
of  fat  (three  to  fdur  times  the  normal  annaint)  :  diminution 
of  glycogen;  increased  formation  of  ammonia,  and  of  leucin 
and  tyrosin. 

There  are  also  marked  change.<;  in  the  hiic.  At  first  there  is  an 
increased  formation  and  excretion  of  bile  pigment.  This  is  perhaps  in 
part  due  to  a  destruction  of  red  blood-cells,  in  part  to  an  increased 
activity  of  the  hepatic  epithelium.  Later  the  bilc-pigments  are  retained, 
leading  to  icterus:  whilst  a  thin  fluid  is  excreted,  which  is  probably 
mainly  mucus.  The  suppression  of  the  bile  secretion  is  presumably 
due  to  occlusion  of  the  bile  capillaries;  at  first,  through  the  fatty  en- 
largement: later,  through  the  cirrhosis. 

(b)  The  degeneration  of  the  tvuscirs  leads  to  debility:  of  the  heart, 
to  weakening  of  the  circulation;  of  the  kidneys,  to  albuminuria,  which 
is  never  very  severe. 

(c)  Degeneration  of  the  blood-vessels  leads  to  loss  of  elasticity  and 
to  capillary  hemorrhages.  It  may  also  be  in  part  responsible  for  some 
of  the  other  changes.  The  blood  shows  several  changes:  Its  osmotic 
pressure  rises  (to  A  o.6t2;  Bottazzi.  i8g6).  It  is  rendered  noncoagu- 
lable  (probably  by  destruction  of  the  fihrin  ferment;  due  perhaps  to  the 
production  of  peptone  in  the  autolysis  of  the  organs  (Cevidalli.  19021, 
The  red  corpuscles  are  destroyed.  This  does  not  lead  to  hemoglobi- 
nemia.  the  iron  being  deposited  In  the  liver,  spleen,  marrow  and  lymph 
gland?,  and  excreted  by  the  bile  (Vogcl,  1902).  The  sugar  of  the 
Wood  is  increased  (Heinsbcrg,  1895;. 
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(rf)  Tlic  dtrgenrration  of  the  cells  of  the  gastric  and  intestinal  »«;< 
explains  ihc  abdominal  pain,  vomiting,  and  occasional  diarrhea. 
occur  equally  readily  after  hypodermic  injection,  so  that  ti»cy  art  .. 
due  to  a  I<jcal  action,  but  rest  on  the  metabolic  changes. 

(C)  Other  Effects. —  The  use  of  O  and  the  excretiorn  of  C0%  ai 
diminished. 

The  PiO\  in  the  urine  is  increased,  but  much  beyond  the  araount  t 
P  administered.  This  is  only  another  cxpres.sion  of  the  increase 
proteid  metabolism.  The  NaCl  is  diminished  on  account  of  tli 
anorexia. 

Tlie  grozcth  of  youug  botics  is  affected  in  a  peculiar  mai 
ner.  somewhat  as  with  arsenic,  the  cancell<.»us  tissue  tendJn, 
to  become  compact  (Wegner,  1872).  This  bone  ts  of  noi 
mal  structure  and  composition.  Phosphorus  als<j  stin»i 
lates  calhis- formation. 

Small   and  often  irpcatcd  doses  of  phosphorus  are  sometimes  o! 

by  the  laity  to  procure  abortion.     It  acts  indirectly  through  the  char 

in  circulation  and  nutrition,  and  is  dangerous 
The  central  nert'ous  system  is  not  affected  directly 
Hhosphoretted  Hydrogen  causes  a   very  similar  intoxication. 

IV.  TOXICOLOGY. 

I.  Etiology. —  Phosphorus  i.<  quite  accessible  in  the  form  of  matd*  — 
or  phosphorn?   rat   paste,   so  that   poisoning,  accidental   or   suicidal,  ^    - 

not  at  all  rare.  Chronic  poisoning  of  a  somewhat  different  characK:  «-  * 
is  seen  from  its  fumes,  in  phosphorys  and  match  lactones.  Thi*»  -=^  -■ 
well  as  the  poisoning  by  matches,  has  been  very  greatly  diniini*l»,^c-^ 
since  the  introduction  of  amorphous   (red)  phosphorus. V 

Phosphorus  burns  arc  no  more  dangerous  tJian  other  bun        '         ^"^ 
ilar  extent  and   do  not  exhibit  any  of  the  symptoms  of 
poisoning. 


2.  The  Byroptoms  appear  usually  only  after  some  h<^:i  r-= 
and  begin  with  burning  and  pain  in  the  abdomen,  and  v-*i :' 
iting-.    The  vomit  has  the  odor  of  garlic,  and  is  hmiinou*   »" 
the  dark.     The  patient  then  usually  improves  greatly,  a^if 
appears  normal  for  two  or  three  days.     At  the  end  of  tb** 
time,   icterus  makes  its  appearance,  together  with  ab<T  " ' 
inal  pain  and  tenderness:  emesis.  often  bloody:  and  «ii-i 
rhea.     The  area  of  liver-dullness  is  increased,     Thert  ^ 
considerable    muscular    weakness   and    pain,    and   genefl' 


'  The  fimt  phovphorus  (riciion  matches  »*ere  mad- 

(lul   tlicy  (li-1   nol   iNvomr  nrxctical   unlil    iSjj.    when   pr 

invented    in    «evcral    cniintt-ie«.      Thr***    all    cmi' 

1  to  5  mU',  to  that   tt   would   be   (at. 

■wiorphnus    phosphorus   mRlch' 

GhrumaLic  or  oxifl   -^^ 
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prostration;  the  pulse  is  small  and  (jinck.  The  urine  con- 
tains bile,  albumin.  leuciii.  tyrosin.  an  abnomial  amount  of 
ammonia,  etc.,  soiTiefimes  blood.  Hemorrhages  occur  in 
many  different  situations.  There  is  usually  a  fever,  but 
sometimes  abnormally  low  temperature.  This  condition 
lasts  five  to  eight  days,  when  the  patient  usually  dies  of  heart 
failure.  Recovery  is  iK)Ssible.  however,  even  when  the 
symptoms  are  very  severe. 

Phosphorus-i)oi5oning  may  be  rcoognized  by  the  odor,  by  the  chcmic 
examination  oi  the  urine,  and  the  fatty  changes  in  organs.* 

The  fatai  dose  is  50  mg. ;  but  13  mg.  cause  very  grave 
intoxication. 

3.  The  treatment  consists,  in  the  early  stages,  in  the  ad- 
ministration of  CuSOj  as  emetic:  the  Cu  is  precipitated  in 
metallic  form  on  the  F  globules  and  retards  their  absorp- 
tion. The  stomach  should  then  be  washed  with  0.27^ 
KMnO^  or  with  H2O2.  Old  spirits  of  turpentine  in  doses 
of  I  to  2  c.c.  should  be  given  several  times  a  day  for  some 
days.  All  these  measures  are  for  the  purpose  of  oxidizing 
the  phosphorus.  Oils  and  fats  of  all  kinds  must  be  avoided. 
Alkalies  are  useful  to  neutralize  the  excessive  sarcolactic 
acid.     For  the  rest,  the  treatment  must  be  symptomatic. 

A  peculiar  necrosis  of  tht'  jatvs.  as  observed  in  match  factories.  hC' 
gins  with  salivation,  suppurative  ulceration  <^f  the  gums,  and  cnd^  in 
a  very  profound  periostitis,  involvinfij  the  whole  jaw.  It  usnally  starts 
in  carious  teeth.  The  lower  jaw  is  more  often  affected.  Tlie  only 
treatment  is  excision  of  the  diseased  bone.  The  lesions  are  referred 
by  some  authors  to  the  phosphorus  itself;  by  others,  to  the  lower 
oxidation  compounds. 


V.  THERAPEUTICS. 

The  only  rational  indication  for  phosphorus  is  in  defi- 
cient lime  deposition  in  bone,  as  in  rickets,  osteomalacia. 
and  ununited  fracture.  However,  the  evidence  in  regard 
to  its  benefits  is  not  very  conclusive,  and  it  is  certainly  a 
very  dangerous  remedy.  The  first  effects  are  to  be  seen  in 
about  four  weeks.  It  must  be  omitted  if  gastric  symptoms 
appear. 

Its  use  in  diseases  of  the  ner\'ous  system  —  alcoholism, 
sexual  exhaustion,  neuralgia,  etc. —  is  not  supported  by  any 


^Scc   E.    V.   Hofmann,  plate  48. 
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pharmacologic  action,  nor  by  clinical  results;  nor  has  ic 
use  in  chlorosis  any  scientific  basis. 


VI.  MATERIA  MEDICA. 

Phosphorus   (U.  S.  P.»  B.  P.).— The   waxy  variety.     Nearly  Insol.  i«^^ 

water;  sol.  in  350  absohitc  ak:.,  in  50  fatty  oil;  in  ether  or  chlorofonr ^ 

Very   sol.   in  carbon   disulphid.     Dose:  0.5  to  3  mg.  ^Vw»  to  Vi 
(0.5  mg.  =  V.-.,  gr.  U.S.  P.). 

Piiultr  Phosfthori  (U.S.  P.).— 0.6  mg.  =  Vm  gr. :  coated  with  Toll 
to  prevent  oxidation. 

Piluh  Phosfhori   (B.  P.).— a%.     Dosr:   i   gr. 

OUum    Phoif'horatum    (B.  P.).— 1%.     Dose:    I    to   5MI,    B.  P.     Thi 
and  Ihc  SfiirUus  Phosphori  (0.12%,  dose:  0.3  to   i  c- c  ^  5  to  15  nj         ^ 
have  been  discarded  from  the  U.  S.  P..  on  account  of  their  very  uncei 
tain    strenijth ;    they   deteriorate   rapidly.     It    is   belter   to   proKribe 
extemporaneous  solution  in  almond  or  cod-liver  oil. 


VII.  HYPOPHOSPHITES,  GLYCERINO-PHOSPHATE^^. 
AND  LECITHIN. 


^ 


Phosphorus  occurs  in   many  animal   and   vegetable  cells,  as  lent\ 
(esters  of  the  fatty  acids  with  glycerino-phosphonc  acid   and  i' 
combined    with    protcids    as    vitcllin,   etc      The    large    quantity    . 
element  in  nervous  tissues  has  led  to  persistent  attempts  i.> 
phorus    and    its    salts    as    *'  ncn'e   foods."    or    trmics    in    ip 
cachexia,    scrofula,    neuritis,   incipient   phthisis,  etc.     Phosph 
phatcs,   hypophosphites.   and   more    recently   glycrrino-phosf 
been  tried   for  this  puri)ose.     Metabolism  experiments   hav 
formly  negative,  and  the  clinical   result*,  are  so  indefinite  and  c<>ntri-     —i 
didory  that  these  compounds  must  be  adjudged  devoid  nf  any  acti'*^^"? 
There  is  no  evidence  that   inorganic   phosphorus  compoimds  are  rr* — ~* 
transformed  into  lecithin.     They  are  all  excreted  as    phosphate*         

The   latest    steps    in    this   direction   is   the   introdnclioti   of  IccltllM^* 
This  is  no  longer  advanced  as  a  nerve-food,  but  as  a  general  nntnti         '« 
tonic.     It  is  claimed  that  it  increases  the   weight   and  rate  of  S^^'    '^ 
in  young  animals  (also  in  plants).     It  acts  as  a  ftimulant  to  nuinti^^^l 
and   not  as  a  direct   nutrient    (the  effective  dose  V»cing  loo   *m.iil  *  ^^ 
the    latter   explanation ) .    The   proportion    of   red   bhx>d   eorpufcte        ■ 
increased,  and  the  hemoglobin  rises  in  the  same  ratio.     There  i»  mM^^ 
a   slight   increase   of  mononuclear   le«coc>tes. 

The    appetite    and    the    utilization    of   nitrogen    are    improved.    TT^^ 
urine  shf^'ws  characteristic  changes:  the  daily  quantity,  the  pho^ph**^ 
and  sulphates  are  not  altered,  but  the  excretion  of  total  nttrogm  a**^ 
urea  is  very  markedly  increased ;  the  acidity  is  somewhat  hei^iKo*^- 
the  uric  acide  is  perhaps  slightly  diminished. 

These  urinary  changes  persist  for  about  five  months  under  the  cs*^ 
tinuous  administration  of  lecithin,  when  they  return  to  normal  Tl" 
habituation  also  applies  to  the  effect  on  nutrition,  the  drug  b<c^^'^ 
inactive  after  a  lime. 

The  actions  may  be  produced  both  by  oral  and  by  hypodcnmc  t 
istration.     It  has  been   suggested  that  large  doses  mi^l   Jtecotnc  •i-''' 
gerous  through   the   liberation  of  the   toxic   cholin;   but  thi»  doe»  ^ 
seem  to  occur,  for  very  large  doses  are  not  toxic.     It  i*  useless*  ho«- 
ever,  to   increase   or  continue   the   drug  if   the  ordinary  doeft  <k>  •• 
cause  noticeable  iinprovemenl  within  ten  days. 
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These  reports  refer  to  the  isolated  lecithin.  Since  this  is  a  rather 
expensive  article,  it  would  seem  preferable  to  secure  them  by  the  use 
of  egg-yolk,  which  contains  about  68%  of  Jecithin.  It  has  been  pointed 
out,  however,  that  the  unlinary  diet  contains;  from  5  to  8  grams  of 
lecithin,  j.  c,  much  more  than  the  effective  therapeutic  quantity:  and 
it  IS  therefor  assumed  by  some  authors  that  the  combinecl  lecithin  for 
some  reason  lacks  the  peculiar  qualities  of  (he  freed  lecithin  The 
question  is  not  settled. 

Therapeutics:  Lecithin  is  not  specific  in  any  disease,  but  is  advised 
whenever  there  is  faulty  nutrition  or  growth;  in  artificially  fed  in- 
fant??, anemia,  chlorosis,  debility,  convalescence,  tuberculosis,  tabes, 
neurasthenia,  diat>ctes  (especially  pancreatic),  rachitis,  senility,  cach- 
exia„  etc. 


MATERIA  MEDICA. 

Hypophosphites: 

The  dose  of  the  dry  salts  is  0.12  to  1.2  Gm.  (2  to  20  grains).  They 
arc  ^olubIe  in   i   to  8  parts  of  water. 

Colcii  Hvptyf>hosfhis.—  {CaPlhO,),   (U.  S.  P.,  B.  P.). 

Sodii  //i/'o/'Ao5/>/3i.f.— NaPH..O.  +  H,0  (U.S.  P..  B.  P.-). 

Potassii  Hypophosphis—  KPH,0,  (U.  S.  P.). 

Ferri  Hvpophosphis.—  Fe,(VHtO,)M   (U.S.  P.).     Insoluble. 

Mangani  Hvpophosphis.—  MniPHzO,),  (U.S.  P.). 

^cidum  Hypophosphorosnm   ( U.  S.  P.).— 30%  H.PO,Hi. 

Acidum  Hypophosphorosum  DHutum  (U.S.  P.). —  10%.  Dose:  0.$ 
c.  c.  —  8  Tit. 

Syrupus  Hypophosphitum  (U.S.  P.). —  Contains  the  hypophosphites 
of  Ca.  K,  and  Na,  with  dilute  hvpophosphorous  acid,  flavored  with 
lemon.     Dose:  8  c.  c  — 23   (U.S.  P.). 

Syrupus  Hypophosphitum  cum  Fcrro  (U.  S.  P.). —  Contains  the 
above,  also  the  hypophosphites  of  Fe  and  Mn.  with  quinin  and  strych- 
nin. Dose:  8  c.  c,  =  23  (U.  S.  P.)=^9  mg.  (Vi  gr.)  quinin;  0.9  mg. 
(Vi-  gr.)  strychnin. 

Gfyc«Hno- Phosphates: 

The  glyccrino-phosphates  of  the  alkalies  and  earths,  as  also  of  iron, 
are  all  soluble,  the  first  even  hygroscopic.  The  calcium  salt,  which  is 
soluble  in  20  parts  of  water,  has  been  partic\i!arly  recommended  The 
dose  is  0.1  to  0.4  Gm.  The  sodium  salt,  which  is  furnished  in  75% 
solution,  is  better  adapted  to  hypodermic  use.  The  solutions  should 
not  be  heated. 

Glyccrino-phosphonc  acid  has  the  formula  O^PH(OH) 
(OCJI.OH). 

Uecithin:  Occurs  as  a  yellowish-brown,  waxy  solid,  of  peculiar 
odor,  insoluble  in  water,  soluble  in  absolute  alcohol  and  fat-solv- 
ents. It  contains  JJ.&4  to  4.12%  of  phosphorus.  Incompatible  with 
alkalies.  Pose,  by  mouth,  o.  i  to  0.5  (^m.  ( 1  f/2  to  8  grains)  per  day, 
as  pills,  before  meals:  hypodermically  i  c.  c.  of  5%  solution  in  oil, 
daily.  The  oral  administration  is  preferred.  Infants,  one-third  of 
these   doses. 
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PART   IL      SECTION    B. 

LOCALLY  ACTING    DRUGS. 

CHAPTER  XXVIIL 

IRRITANTS,  CORROSIVES  AND  ASTRINGENTS. 


(INORGANIC   IRRITANTS    AND   TANNINS). 

(A)  GENERAL  CONSIDERATION  OF  IRRITANT 
ACTION. 

The  local  actions  of  drugs  are,  as  a  rule,  simple  and  unifomi,  sine* 
they  can  occur  ordinarily  in  only  a  few  situations,  especially  the  skin 
and  mucous  niemljrancs  These  agree  closely  in  structure  and  func- 
tions. There  arc  therefore  many  phenomena  which  hold  true  of  ^1 
local  irritant  poisons.  These  may  he  studied  once  for  all,  and  present 
only  minor  modifications  in  individual  cases. 

The  majority  of  local  poisons  produce  the  typical  phenomena  of  in- 
flammation I'*  irritation  "),  by  cansinR  necrosis  of  protoplasm  throuxh 
coagidaiion.  liquefaction,  etc.  Most  of  these  reactions  are  purely  chcmic 
or  pliy'ical,  and  can  lie  reprodiKed  in  the  test-lube  with  protcids.' 
Rememhoring  the  extreme  sensitiveness  of  protoplasm  to  reagents,  it 
will  be  readily  undcr^^iood  that  almost  all  substances  —  even  water  — 
may  be  irritant  under  suitable  conditions. 

I.  PHENOMENA  OF  IRRITATION. 

1.  These  can  be  studied  very  typically  on  the  ikin.^  The 
first  degree  of  irritant  action  is  shown  in  an  arterial  and 
capillary  hyperemia,  at  first  active,  later  passive.  This 
constitutes  tlie  "dermatitis  erythemato.'ia  "  of  the  derma- 
tolitj^rists.  Or.  speaking  pliarniacologically,  it  constitutes 
rubefaction,  and  the  ag^enls  which  produce  it  are  therefiirc 
called  ndiefacienls.  Tlie  congestion  is  accompanietl  by 
sensory  sfinndation  —  by  itching;  or  pain. 

If  tiie  irritant  action  flues  not  ^o  any  further  than  this, 
resolution  takes  place  without  leaving  any  lesions,  simply 
by  a  return  of  the  vessels  to  normal.  Usually  the  upper 
lavers  of  the  skin  are  desquatnated. 


'  Kxcrcises  15.   16  »nd 
'  ExrrciM    18. 
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IRRITANTS   ON    SKIN. 

If  the  action  is  stronger  than  rubefaction,  it  may  pass  into 
vesication  or  pnstulation.  Vesication  occurs  if  the  inflam- 
matory action  results  in  the  formation  of  an  exu<iatc  great- 
er in  amount  than  can  be  carried  off  by  tlic  lynipliatics. 
Every  hyperemia  is,  of  course,  accompanied  by  an  increase 
of  exudation,  but  up  to  a  certain  amount,  as  in  rubefaction, 
this  is  rea<]ily  reabsorbed.  When  this  hmit  is  exceeded,  an 
actual,  visible,  effusion  resuhs.  This  liquid  will  accumu- 
late in  the  parts  of  the  tissues  ofifering^  the  least  resistance 
to  distention.  In  the  case  of  the  skin,  it  penetrates  readily 
through  the  lower  layers  uf  the  rete  Malpighii.  but  is  ar- 
rested by  tlie  impermeable  stratum  corneum.  It  is  there- 
fore conlined  between  the  upper  and  lower  layers  of  the 
rete  Malpighii,  and  separates  them,  in  this  way  causing 
blisters  or  vesicles.  The  agents  which  produce  these  are 
called  vesicants  or  efyisptistics. 

Resolution  takes  place  in  these  cases  without  loss  of  tis- 
sue, by  the  formation  of  a  new  stratum  comeum  from  the 
remaining  rete  Malpighii. 

H  the  overlying  and  separated  layers  of  epidermis  are  removed,  there 
is  much  chance  of  infection,  the  lower  layers  of  the  rete  Malpighii 
offering  but  little  resistance.  In  tliis  way  there  may  be  a  loss  of  sub- 
stance from  secondary  infection.  The  sensory  stitnulation  of  this 
veMcation  h  still  stronger  than  that  of  rubefaction. 


If  the  inflammation,  instead  of  leading  to  an  effusion  of 
liqtn'd.  leads  to  an  emigration  of  leucocytes,  it  produces 
pustulation,  the  agent  being  called  a  f^ustulant.  This  de- 
pends to  some  degree  upon  the  violence  of  the  inflamma- 
tion, a  more  profound  irritation  being  ref|inred  to  produce 
an  emigration  of  leucocytes  than  what  suffices  to  cause  an 
eflfusion.  But  to  some  extent  it  is  also  a  specific  property 
of  the  pustulant.  Certain  vesicants  never  produce  pustu- 
lation, whilst  certain  postulants  do  not  vesicate.  The  pus- 
Inlant  action  is  probably  the  more  common  when  there  is  a 
special  involvement  of  the  cutaneous  glancls.  Tn<leed,  it  is 
usually  confined  to  these,  and  is  but  rarely  diffuse,  for  the 
reason  that  both  the  irritant  and  the  bacteria  can  penetrate 
more  readily  at  these  points.  In  other  cases,  as  with  tartar 
emetic  and  the  bromtds.  the  acid  secretion  of  these  glands 
dissolves  or  liberates  the  irritant  agent. 

Aseptic  Pus  Formation. —  A   few  dnigs  possess  a  specific  chemo- 
tactic  power  on  leucytes;  so  that  their  injection   (hypodermic  or  into 
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serous  cavities)  leads  to  (he  collection  of  pu^,  even  when  asepsis  ^'^ 
perfect.  Turpentine,  crolon  oil.  petroleum,  mercury,  silver  niiraC^^^- 
digitoxin,  cadaverin.  alcuron  suspensions,   etc.,  arc  the  principal  c=^=^* 

aniplcs. 

In  pusiulation  there  is  necessarily  always  some  loss  c — g^ 
tissue  and  scar  formation.  Sensory  stimulation  is  sti  ^^H 
stronger  tlian  in  the  case  of  the  vesicants. 

If  the  inflammation  exceeds  this  degree,  it  leads  to  nccnz  ^Jt>- 
sis  of  the  cells;  and  corrosion,  or  cautcri::otion,  rcsuU*=^— -^ 
This  is  the  last  degree  of  the  inflamnjatory  action.  D^^^- 
striiction  of  tissue  by  irritants  may  be  the  result  either  ii — 3)i 
inflammatory  necrosis  or  of  a  direct  chemic  action. 


The  stronger  acids  and  alkalies,  as   also  bromins   and   some  of  I 
metallic    poisons,    such    as    arsenic    and    mercury,    form    soluhlr   co 
ptninds   with   proteids,   and  produce   solution   in  this   manner.    Oihc 
as  most  of  the  metallic,  salme,  and  organic  irritants,  kill  the  cells 
precipitating  their  proteids. 


The  chemic  destruction  of  tissue  is  always  precedefl  t 


this  inHammatory  necritsis.    Chemic  cauterizati<»n  will  ther- 
fore  always  show  three  areas:     The  first,  situated  at  i\ 
depth  and  periphery  of  the  ulcer,  is  simply  an  area  of  i^ — 
flammation    and    hyperemia.     Then    follows    a    layer   — ^»f 
necrotic  tissue,  the  result  of  the  inflammatory  action:  an     id 
last,  a  layer  in  which  the  chemic  cauterization  results        in 
solution  of  the  cells  which  have  already  been  killed  by  t  ~^e 
inflammatory  process.     These  three  —  hyperemia,   infla^^n- 
matory  necrosis,  and  chemic  solution  —  arc  to  l>e  cons«-  d- 
cred  as  successive  stages  in  the  same  action :  and  by  propter 
dilution,  the  second  or  first  degree  of  action  may  be  *  ^b- 
tained  without  the  succeeding  stages. 

The  strength  of  action,  for  the  same  substance,  is  a  matter  «lci^'"  ■ 
ing  on  the  concentration,  rather  th.in  on  the  absolute  aniotint— "' 
as  a  gram  of  MgSO,  in  solid  form  introduced  inlo  a  sohuioiu  rtwy 
precipitate  all  its  globulin,  whilst  an  unlimited  quantity  may  be  aHdrt* '" 
5%  solution,  without  any  such  effect 


WHien  the  chemic  corrosion  leads  to  a  loss  of  substance. 
the  inflammatory  exudate  will  be  poured  on  the  surface. 
where  it  will  coagulate.  This  coagidum,  together  witb  ihe 
products  of  tile  chemic  action  of  the  irritant  upon  it  ^^'^ 
upon  the  cells, —  the  albuminates,  etc.,  which  are  formeil.- 
constitute  the  "  scab  "  or  "  eschar."  Its  character  will  \*ary 
with  the  nature  of  the  chemic  products  entering  into  it; 
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the  irritant  has  a  solvent  action  on  proteids.  as  is  the 
case  with  alkaUes,  the  scab  will  tend  to  be  liquid.  If.  on 
the  other  hand,  the  combination  between  the  proteid  and 
the  irritant  is  insokible.  as  with  most  metals,  the  scab  will 
tend  to  be  hard.  This  is  of  considerable  importance,  since 
it  determines  the  depth  of  action  of  the  corrosive  agent.  If 
the  scab  is  soft,  the  chemical  will  penetrate  it.  and  its  action 
will  not  be  limited;  it  will  spread  and  extend  deeply.  On 
this  account  the  alkalies,  ft^r  instance,  are  not  practical  for 
the  purpose  of  cauterization.  If,  on  the  other  hand,  the 
scab  is  s<}Iid,  it  prevents  deeper  penetraliiHi.  so  that  the 
action  can  be  very  easily  coTiliued  to  the  tlesired  areas. 

In  tlie  case  of  actual  destruction  of  tissue  by  cauteriza- 
tion, resolution  will  take  place,  as  after  intiammator}'^  necro- 
sis, by  scar-fonnation. 

Many  drugs  cause  a  dermatitis  when  they  arc  given  by  mouth  (bella- 
donna, arsenic,  iodoform,  quinin,  .salicin.  antipyretics,  iodids  and  bro- 
mids,  digitalis,  chloral,  chloroform,  etc.).  Tliis  is  sometimes  due  tf> 
change^  m  the  cutaneous  circulation,  sometimes  to  the  excretion  of  the 
drug  by  the  skin.  It  may  take  the  form  of  scarlatinal,  desquamating, 
articarial  or  papular  rashes  or  acne. 


2.  Certain  differences  in  detail  will  be  seen  when  irritants 
are  applied  to  other  surfaces  than  the  skin:  for  instance,  to 
the  mucous  membranes.  These  are  readily  explained  by 
anatomic  peculiarities.  There  will,  for  instance,  be  less 
tendency  to  vesication,  since  the  epithelium  is  not  imper- 
meable, as  it  is  in  the  skin.  Nor  will  there  be  any  chance 
rjf  the  distinct  pustulation.  which  depends  upon  the  cuta- 
ne<^)us  glands.  On  the  other  hand,  the  mucous  glands  will 
he  stimulated  to  an  increased  activity,  producing  "  catarrh- 
al *'  conditions. 

I  The  tongue  reacts  to  diflFcrcnt  forms  of  mild  irritation  in  a  some- 

1  what  specific  manner,  which  seems  to  have  its  basis  in  the  papillary 
L  arrangement.  These  diflfercnces.  constitulinK  the  various  kinds  of 
^^V*  coatings."  etc.,  are  of  some  diagnostic  importance  in  disease.  Bui 
^Blhey  can  all  he  reduced  to  the  ordinary  phenomena  of  moderate  in- 
^^flammation :  hyperemia  and  proliferation,  or  necrosis  and  desquama- 
tictn  of  epithelium.  The  epithelium  of  the  month  is  sufficiently  im- 
permeable to  allow  of  vesication,  although  less  readily  than  the  skin. 

In  the  stomach  and  intestine  the  action  of  irritants  will 
produce  physiologic  as  well  as  anatomic  phenomena,  com- 
prised under  the  name  oi  gastro-cntcritis  (see  p.  667). 
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3.  Sidney  and  Liver. —  None  of  the  irritants  exert  their 
irritant  action  upon  the  body  at  large.  Most  of  them  arc 
not  at  all  absorbed,  and  when  absorption  does  take  place, 
they  are  too  greatly  diluted  to  act  anywhere  excqn  in  the 
liver,  and  especially  in  the  kidney.*  All  irritant  substances 
will  produce  nephritis  if  they  are  absorbed.  Many  of  them 
will  cause  irritation  of  the  liver-cells,  leading  to  fatty  de- 
generation, and  later  to  cirrhosis,  precisely  as  in  the  case  of 
alcohol. 

4.  Respiratory  Passages —  If  an  irritant  poison  is  vola- 
tilc,  its  main  effects  ma}-  fall  upon  the  respiratory  fassa^ei. 
The  general  phenomena  will  be  those  of  acute  laryngitis, 
bronchitis,  or  pneumonitis. 

5.  There  appear  to  be  some  specific  differences  between 
the  different  irritants  as  to  the  strength  of  their  action  in 
different  situations.  Some,  for  instance,  seem  to  act  es- 
pecially on  the  alimentary  canal,  and  to  a  very  small  extent 
on  the  skin.  This  is  probably  connected  with  differences 
of  absorbability.  A  drug  which  cannot  penetrate  the  skin, 
cannot,  of  course,  act  upon  it.  It  will  be  remembered  that: 
the  epidermis  is  impermeable  to  most  substances.  In  orde: 
to  penetrate,  these  must  Iw  either  fatty,  like  croton  oil :  o 
volatile,  like  turpentine;  or  they  must  actually  destroy  th 
epidermis,  like  caustics. 

All  irritant  substances  will  act  to  some  extent  as  anti- 
septics. They  will  destroy  the  protoplasm  of  bacteria,  jus^ 
as  they  do  that  of  tissue  cells, 

Applie<l  to  tvounds.  ukcrs.  etc..  the  milder  irritants  cans— 
the  destruction  of  the  diseased  superficial  cells,  but  Mimim 
late  the  underlying  cells  to  more  rapid  division.  They  cor^ 
sequently  promote  healing. 


II.  PHENOMENA   OF   ASTRINGENT    .\CTION. 

When  the  solvent  action  of  the  chemical  is  very  sma" 
and  its  precipitant  action  very  large,  the  course  of  t\t"'  " 
is  quite  different  from  that  described.     It  leads  in*  this  cj~c 
to  what  is  called  an  "  astringent  action"     The  astring«nl 
action  is  always  preceded  by  a  small  amount  of  inflatn* 
matory  action.     But  this,  instead  of  passing  on  to  necriY'^ 
of  tissue,  leads  to  a  diminution  of  the  already  existing  ifl" 
flammatory  process.    An  astringent  action  may  be  defined 
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as  one  which  lessens  the  typical  processes  of  inflammation, 
—  that  is,  the  congestion  and  the  permeability  of  the  capil- 
lary walls, —  and  leads  to  the  absorption  of  the  effusion. 
The  astringents  also  produce  a  visible  ^crinkling  of  the  mu- 
cous membranes  to  which  they  are  applied,  and  lessen  the 
secretion  of  mucus.  They  possess  a  peculiar  "astringent" 
taste. 

Explanation  of  Astringent  Action. —  Tlie  manner  in  which  this 
astringent  action  is  brought  about  is  still  only  imperfectly  understood. 
All  astringents  produce  precipitation  of  proteids,  and  this  insoluble 
proteid  precipitate  seems  lo  be  the  cause  of  the  astringent  action.  To 
explain  this  action  it  has  been  assumed  that  these  precipitates  form  a 
lining  along  the  capillarv  walls,  and  in  this  way  add  an  additional 
coal,  as  it  were,  to  each  capillary.  It  seem.s,  however,  much  more 
likely  that  they  act  by  coagulatiuR  the  ordinarily  semifiuid  cement  sub- 
stance l)ctwccn  the  endothelial  cells,  and  that  this  prevents  the  filtration 
of  fluids,  and  more  especially  the  emigration  of  cells.  The  silver 
"staining"  of  endothelia  by  silver  nitrate  is  a  visible  illustration  of 
this  fixation  of  the  cement  substance.  The  dimini<.hed  mucus  secre- 
tion is  perhaps  due  to  a  similar  superficial  coagulation  of  the  cell 
envelope.  The  blanching  and  puckering  (produced  only  by  the  more 
concentrated  soUitions)  points  to  a  direct  stimulation  of  the  arterial 
and  other  muscular  tissue.  The  absorption  of  already  formed  effusions, 
following  the  use  of  astringents,  may  possibly  be  explained  by  osmotic 
laws:  By  precipitating  the  proteids  of  these  effusions,  they  lower  their 
molecular  concentration,  and  render  them  more  diffusible. 

The  principal  astringents  are:  metallic  salts,  tannins. 
dilute  acids,  and  strongly  hypertonic  solutions.  They  are 
used  therapeutically  to  check  diarrhea,  reduce  inflamma- 
tion of  mucous  membranes^  promote  healing,  and  arrest 
hemorrhage. 

Not  all  proteid  precipitants  are  astringents.  Tlie  precipitant  action 
must  l>c  of  a  special  kind.  It  must  be  produced  very  quickly,  and  the 
precipitate  must  be  practically  impermeable  to  the  precipitant.  Other- 
wise the  precipitant  action  wnild  extend  so  deeyjly  as  lo  lead  to  ex- 
tensive necrosis,  and  would  thus  continue  the  inflammatory  process. 
We  repeat,  that  the  main  essenlial  tn  asiringency  is  that  the  precipitate 
will  prevent  further  penetration  of  tlic  astringent  into  healthy  tissues. 
Its  action  must  be  confined  to  the  inflamed  area  —  lo  the  place  where  it 
is  applied.  From  this  it  follows  that  it  is  absolutely  irrational  to  ex- 
pect a  remote  action  from  astringents.  The  very  facts  of  their  action 
exclude  such  a  possibility.  Before  thi^  was  well  understood  it  was 
tried  to  obtain  astringent  action  throughout  the  body  by  external  ap- 
plication or  by  giving  astringents  by  the  mouth.  Tlic  want  of  success 
confirmed  what  has  just  been  said. 

In  the  wtestiual  canal  the  astringents  seem  t<'!  form  a 
deposit  along  the  lumen  of  (he  intestine,  anfl  in  this  way 
prevent  absorption,  and  also  the  penetration  of  other  irri- 
tant substances,  in  this  way  lessening  peristalsis. 
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III.  GENERAL  TOXICOLOGY   OF   IRRITANTS. 

The  phenomena  produced  by  irritant  poisons  will,  of 
course,  depend  in  the  first  place  upon  the  part  of  the  body 
with  which  they  arc  brought  into  immediate  contact.  The 
most  prominent  symptoms  arise  from  the  skin,  alimentary 
canal,  or  respiratory  organs:  the  last  only  in  the  case  of 
very  volatile  poisons.  Later  symptoms  may  appear  in  the 
urinary  organs. 

The  extent  of  the  action  depends  npon  the  concentratior 
of  the  poisons,  the  time  during  which  they  act.  and  the  ex- 
tent of  surface  with  which  they  come  into  contact  —  less 
ui)on  their  ahsoliUe  amount.  If  taken  by  the  alimentary 
canal,  their  action  will  a!so  he  modified  by  the  presence  of 
food. 

1.  CanteriEation  of  the  Skin This  may  l>e  eitlier  acci- 
dental or  criminal.  Tn  the  latter  case  it  is  usually  by  sul- 
phuric acid  ("Vitriol  '').  The  results  are  the  same  as  in 
the  case  of  extensive  bums.  The  diagnosis  offers  no  diffi- 
culty; The  character  of  the  stains  is  that  described  on 
page  669.  Sufficient  of  the  corrosive  can  always  be  col- 
lected from  the  clothing,  etc..  to  establish  its  identity  by 
chemic  means.  The  trvatmeni  is  precisely  like  that  for 
burns,  after  previous  neutralization  and  removal  of  the 
corrosive  agent.  Salves  and  oils  are  useful  —  especially 
the  Linimentum  Calcis  (Carron  Oil,  1*.  r.,  equal  parts  Lin- 
seed  0\\   and   Lime-water). 

2.  Poisoning  by  the  Alimentary  Canal* — Tlie  introduction 
of  caustics  by  the  mouth  is  almost  always  either  accidental 
or  suicidal  The  effects  are  so  painful  and  appear  so 
promptly,  and  the  lesions  are  so  persistent,  that  they  would 
scarcely  ever  be  used  in  criminal  poisoning  —  except  pos- 
sibly  in  infanticide.  They  are  sometimes  taken  by  mistake 
for  syrup  or  other  medicine,  and  may  be  swallowed  before 
the  difference  is  noticed.  Movvever,  certain  organic  irri- 
tants, usually  insoluble,  such  as  croton  oil,  do  not  produce 
their  action  for  some  time. 

The  phenomena  vary  according  to  whether  the  irritant 
produces  an  actual  cauterization  —  a  destaiction  or  solu- 
tion of  the  tissues;  or  whether  it  causes  only  inflammation- 
We  shall  begin  with  the  latter  class. 

(A)  Irritants  which  do  not  destroy  the  tissue:    To  this 
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class  belong  claterium,  craton  oil.  and  most  of  the  other 
organic  irritants,   such  as  volatile  <iils,  etc. 

The  symptoms  are  those  of  a  violent  gastro-enteritis:> 
nausea,  vomiting,  and  diarrhea.  If  the  ix)ison  will  act  only 
when  dissolved,  and  is  insoluble  in  the  stomach,  as  is  croton 
oil,  the  nausea  and  vomiting  will  not  be  present,  but  only 
the  diarrhea.  The  sympt^nns  will  appear  correspondingly 
late.  The  abdomen  is  usually  distended  and  extremely  pain- 
ful, especially  upon  pressure.  As  a  result  of  the  gastro- 
enteritis, there  will  he  an  extensive  dilatation  of  the  splanch- 
nic area,  and  consec)ueiitly  withdrawal  of  blood  from  other 
parts  of  the  body.  This  will  produce  marked  changes  in 
the  circulation.  The  pulse  will  be  soft,  small,  and  quick. 
The  lozvcred  circulation  will  react  upon  other  organs,  and 
most  conspicuously  upon  the  ccnfral  ticn'ous  system.  There 
is  great  anxiety,  vertigo,  delirium  convulsions,  then  col- 
laf^sc,  and  finally  coma  and  death.  This  picture  is  common 
to  the  entire  series  of  irritant  poisons. 

Abortion. —  The  hyperemia  is  not  confined  to  the  intes- 
tine, but  extends  to  all  the  abdominal  organs,  which  there- 
fore partake  in  the  inflaniinatioii.  aUh<Jugh  they  <lo  ni>t 
come  into  tlirect  contact  with  the  irritant.  The  most  im- 
portant organ  involved  in  this  is  the  uterus,  and  the  organic 
irritants  have  been  very  frequently  used  to  procure  criminal 
abortion.  Oil  of  savin,  of  tansy,  and  of  pennyroyal  enjoy 
a  special  reputation  in  this  connection,  but  any  other  irri- 
tant produces  the  same  result.  The  ecbohc  effect  is  only 
secondan.'  to  the  gastro-enteritis,  and  the  latter  is  very  often 
fatal  without  accomplishing  the  object  for  which  it  was 
produced. 

The  postmortem  appearances  arc  tlio^^e  of  gastro-entcrilis.  and  in 
ca^cs  01  suspected  critiiinal  ahnrtinn  tliis  must  be  of  sufficient  extent 
to  explain  the  fatal  issue.  The  pathologic  condition  consists  in  an 
intense  congestion  of  the  entire  alimentary  canal,  often  with  inflam- 
matory exudate  into  the  Inmen  of  the  intestine.  The  congestion  may 
be  so  violent  as  to  produce  ccchymoses.  If  these  arc  present,  the 
vtimjt  and  stonls  will  he  tinsed  with  hlood  during  life.  Destruction 
of  tissue  is  quite  rare.  !t  may.  however,  occur  from  gangrene  due  to 
ihc  interference  with  the  circulation. 


(B)  The  fixed  caustics:  The  poisons  which  are  r.f 
greatest  importance  in  this  connection  are  the  mitieral  acids. 
and.  to  a  much  less  extent,  carbolic  acid;  oxalic  acid,  which. 
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however,  stands  apart  on  account  of  its  specifjc  toxic  ac- 
tion; the  organic  acids,  which  are,  generally  speaking,  cor- 
rosive in  proportion  to  their  volatility:  the  alkalies,  ibe 
alkaline  earths,  and  the  carbonates;  the  haloid  substances, 
broniin,  chlorin.  and  iodin.  Metals  are  also  to  some  extent 
corrosive,  but  nut  usually  sufficiently  so  to  produce  perfora- 
tion. The  alkalies  and  bromin  produce  the  most  exteiisive 
destruction  of  tissue,  because  of  their  deep  penetration. 
With  them,  the  scar-formation  is  als<j  the  most  extensive. 
All  caustics  will  cause  symptoms  from  the  destruction 
of  the  tissues  with  which  they  come  into  contact,  in  addi- 
tion to  the  gastro-enteritis.  The  importance  of  this  lies  in 
the  reflex  affection  of  the  central  nervous  system — in 
shock  —  which  may  appear  so  quickly  and  be  so  violent  i5 
to  entirely  cover  up  the  local  symptoms.  Death  may  <iccur 
before  vomiting  and  diarrhea  have  had  time  to  develop. 

Effect  of  caustics  on  the  circulation. —  Sollmann,  Urown  inl 
Williams  (190O)  liavc  shown  llint  irritation  of  tlic  stomach  or  peii- 
loneiim  has  practically  no  effect  on  Ihc  blood  pressure  in  aw** 
(helizefl  animals,  even  when  the  anesthesia  is  liijhl,  Tlicre  is  genenSj 
a  marked  increase  of  respiration,  ant!  sometimes  a  slight  and  tBOfW*' 
tary  rise  of  blood-pressure,  but  no  fall  is  noticed  for  several  l^'Oi^ 
This  holds  true  l)oth  for  mild  irritants,  such  as  peppermint,  mustard  oj 
moderate  heat :  and  for  strong  corrosion  l»y  formaldehyd,  concentntcw 
acids,  or  actual  cautery,  even  when  these  measures  produce  pcrf'.irati'** 
It  has  been  shown  by  the  older  authors  fGructxncr  and  HcfJcnhaiiv, 
1877)  that  strong  corrosion  of  the  skin  has  no  effect  on  the  blo<d- 
pressurc,  whilst  a  mild  stimulation,  such  as  Idowing.  may  cau*  ■ 
marked  cliange. 

It  would  seem  therefor  that  the  prompt  shock,  seen  so  frrquerrtty 
in  corrosive  poisoning,  is  psychic,  due  10  the  apprehension  ami  P**" 
experienced  by  the  patient.  The  later  collapse  may  be  rcfenbk  10  * 
more  direct  action. 

A  further  importance  of  the  corrosive  action  lic5  in  ih* 
fact  that  it  may  produce  perforation,  and  consequently  p^^* 
tonilis,  and  deatli  from  this  cause.  If  the  p<:)isoning  is  ^^ 
immediately  fatal,  the  corrosion  will  lead  to  scar-fornUtio'J. 
and  consequently  stenosis,  and  the  patient  very  frequerrtlT 
rlies  after  a  long  time  from  inanition  due  to  the  ititcriC' 
ence  of  the  stenosis  with  swallowing,  etc. 

The  acute  symf^foms  begin  in  the  mouth,  with  a  bunttnj 
pain,  dysphagia,  and  loss  of  tissue. 

The  taste  of  many  of  these  substances  is  characterirtic  — aciil  jl^^ 
line,  metallic,  astringent,  etc.    The  nature  of  the  corrosion  tn  the  inottti 
is  of  great  diagnostic  importance,* 
'  Excrcisra   tA  and   17. 
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Alkalies  cause  a  transparent  swelling  of  the  epithelium,  which  will 
detach  as  a  gelatinous  mass,  exposing  the  scarlet-colured  inflamed 
area  beneath.*  The  other  corrosives,  which  precipitate  prylcids,  pro- 
duce at  firM  a  grayi=;h-white  opanuc  stam.  This  persists  in  the  Case 
of  the  metallic  poisons.  Tlie  acias,  however,  change  tlie  hemoglobin 
in  the  neighboring  area  into  the  dark  actd-heniatin,  and  the  color  of 
ihe  stain  consequently  becomes  dark  or  black.  Nitric  acid  is  an  ex- 
ception: its  slain  takes  on  a  yellow  color.  Thii)  differs  from  that  of 
picric  acid  by  being  changed  to  orange  by  alkalies,  whilst  the  picric 
acid  stain  remains  unaltered.  Bromin  producer  a  characteristic  light 
brown  or  orange  stain;  iodin  stains  a  mahogany  color.  The  silver 
stain  turns  black  after  a  time.' 

The  esophagus  is  also  corrorled.  and  f»rdinarily  especially 
at  its  lieginning  and  end,  and  at  tlie  place  where  it  crosses 
the  left  bronchus.^ 

In  the  stomach  the  principal  corrosions  will  be  found  at 
the  pylonis.  since  the  caustic  follows  the  lesser  curvature 
and  accumulates  at  the  pyloric  end.'^ 

The  symptoms  consist  in  the  g^astro-enteritis  which  has 
been  descril>ed.     The  vomiting  and  diarrliea  are  more  fre- 
quently bloody.     In  the  case  of  acids  the  vomited  blood  is 
frequently  very  dark  in  color  on  accoimt  of  tlie  formation 
of  acid  hematin.     This  is  the  so-called  '*  coffee-grounds  " 
vomit.    The  pain  is  very  much  more  marked  with  corrosive 
j>*iisons.     Death  from  gastro-enteritis  may  ensue  in  from 
fvventy-four  to  forty-eight   hours.     The  absorption  of  the 
|:>roducts  of  the  chemic  action  of  these  agents  on  the  tissues 
v'^ry  frequently  leads  to  fe\er.     On  the  other  hand,   the 
cr*'-*napse  may  lead  to  a  fall  of  temperature. 

In  the  poshnortcm  examination  one  would  look  for  evi- 
dence of  destruction  of  tissue  in  the  gastro-intestinal  canal. 
This  would  be  found  in  Ihe  upper  portions  in  the  case  of 
iri'^st  of  the  ordinary  corrosive  poisons,  as  acids,  alkalies. 
anri  haloids:  whereas  with  metals  it  is  often  in  the  cecum 
or  large  intestine,  because  they  are  excreted  in  these  situa- 
tions,* 

W'ben  the  action  has  not  progressed  to  actual  corrosion, 

there  is  often  very  marked  hyperemia  and  ecchymosis.     The 

color  is  frequently  much   darker  than  corresponds  to  the 

aTTiount  of  congestion,  especially  in  the  case  of  acids  (clue 

■  E.  V.  Hoffmann.  Atla»  of  T^gal  Medicine,  W.   B.   Saunders,   i8qB.     Plate  46. 
Tl»«  flajnn  of  iodin  and   silver  are   frequently  a  source  of  annoyance  in   the 
I  Ihenpeutic    exhibition    of    these.     They    can    be    readtlv    removed :     Tne    iodin    by 
■Moonia  water;    the    silver   by  potassium   cyanid,   or    by   painting   first    with    iodin 
ton   then  with  ammonia    (Excrci&e    17). 
'ib.  Fig.  186  and  187. 
•ib.  Fit.  187- 
'tK  Plate  43. 
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to  acid   hematin).'     Alkalies,  on  the  other  hand,  have  a 
tendency  to  make  the  bloo<l  appear  hghter.** 

The  other  abdominal  organs  are  also  hyperemic. 

3.  Volatile  Caustics — 

These  comprise  ammonia,  chlorin,  bromin,  the  fuming  mineral  an<b. 
the  gaseous  acids,  sikH  a-s  sulphurou*,  nitrous,  etc. ;  and  certain  orijaiwf 
acids  —  acetic,  formic,  etc.  Also  other  organic  substances,  MKh  a* 
formaldehyd :  and  the  volatile  oils,  especially  the  oil  of  mustard 

When  swallowed,  these  produce  the  symptoms  already  describri. 
the  actions  being,  however,  more  rapid  and  extending  more  d«plj 
When  inhaled,  they  irritate  mainly  the  respiratory  pasf-agcs  and  «ith<fr 
exposed  mucous  membranes, producing  coryza,  conjunctivitis,  brunchi'i*- 
pulmonary  edema,  pneumonia,  etc.  Through  the  irritation  they  produce 
profound  nervous  effects,  at  first  mainly  stimulant  The  resptrit*"" 
stops  at  first  in  expiration,  the  glottis  closes  spasmodically,  and  iht 
bronchial  muscles  contract.  This  is  a  conservative  mechanism,  *«J 
explains  why  fatal  poisoning  is  not  more  common.  During  thii-  ^Hf 
there  is  cardiac  inhibition  through  vagus  stimulation,  and  also  dilition 
of  peripheral  vessels.  The  inhalation  irritants  may  prove  prowptlj 
fatal  by  spasm  or  edema  of  the  glottis:  or  the  course  may  be  ^lowff- 
passing  through  bronchitis,  pneumonia,  etc.  The  inhalation  of  trritml 
vapor  is  especially  deleterious  to  a.sthmatic  individuals.  The  cBtd 
of  small  quantilies  of  volatile  irritants  in  the  air  has  an  economic  '^^ 
portance.  in  view  of  their  escape  from  chemical  factories,  etc.  Then 
can  be  little  doubt  that  even  a  small  proportion  tends  to  pri 
bronchitis,  and  possibly  cachectic  conditions;  but  it  is  difficult  t 
the  limits  between  which  these  poisons  are  harmless,  objectionable;' 
dangerous. 


4.  Treatment  of  Poisoning  by  Corrosives The  first 

lire  is  dilution,  since  tlic  action  is  proportional  to  the  cfJtIr 
centration.  The  drinking  of  water  in  abundance  and  tt^^ 
washing  out  of  the  stomach  are  therefore  iinp<»rtant.  I 
corrosion  is  already  advanced,  it  is  not  advisable  to  pa^-^ 
the  stomach-tube.  The  further  treatment  consists  in  tl^* 
administration  of  dcmukatf  substances,  as  mucilage  ^ 
boiled  starch:  or  proteids.  as  white  of  egg;  or  milk 
proteids  are  especially  useful  against  the  metallic  poiso*-^ 
since  they  form  rather  insoluble  albuminates. 

The  pain  usually  requires  the  exhibition  of  narcotics 
free  doses.     Most  of  the  irritant  poisons  can  \)€  treated 
chcmic  antidotes;  in  the  case  of  alkalies,  by  aci<bi;  in  tP"* 
case  of  acids  and  the  haloids,  by  means  of  alkalies. 

For  poisoning  by  acids  or  haloids  the  free  alkalies  are  tisuJIf' 
strong.     The  carbonates,  on  the  other  hand,  will  develop  carbonk  t 
and  this  produces  distention  of  the  stomach,  and  therefore  pf'^*^'*w- 
thc   already   weakened    organs,   and    may   even   lead   to   rupture    i**^ 

^ib.  Plate  34.  35  and  33. 
*tb.  Plate  45  and  31. 
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carbonates  are  conscquerilly  eontraiiidicatcd.  The  potassium  prepara- 
tions in  general  must  be  avoided,  because,  in  the  corroded  condition 
of  the  stomach,  they  would  probably  he  absorbed  in  sufficient  amount 
to  produce  potassium  poisoning.  So  the  choice  is  practically  restricted 
to  soap  or  magnesium  oxid.  Of  course,  in  case  of  necessity  one  takes 
almost  anything  at  hand,  such  as  whitewash  or  chalk:  but  magnesium 
oxid  should  be  preferred.  In  the  case  of  alkali-poisoning  any  dilute 
acid  will  do,  in  strength  of  about  5%.  Vinegar  will  usually  be  the 
most  handy,  but  the  nature  of  the  acid  is  immaterial.  Poisoning  by 
bromin  or  iodin  is  treated  with  sodium  bicarbonate.  Caustics  in  the 
eye  arc  best  washed  away  by  a  free  supply  of  water 

(B)  DETAILS  OF  THE  DIFFERENT  CLASSES  OF 

IRRITANTS. 

THE  ACTlOxV  OF  WATER  ANU  THE  NEUTRAL  SALTS 

has  been  described  in  Chapter  XXIV,  A.  It  is  a  pure  physical  salt 
action,  leading  to  mild  superficial  irritation  —  mild  hyperemia  and 
sensory  stimulation.  With  zcafcr  the  action  on  the  intact  skin  is  very 
small  indeed,  because  the  stratum  corneum  prevents  penetration.  On 
denuded  surfaces,  where  the  stratum  corneum  has  been  removed,  the 
action  is  considerably  stronger  It  leads  here  to  the  death  of  the 
superficial  cells,  and  stimulation  of  the  underlying  layers  to  more  rapid 
multiplication.  The  action  on  the  stomach  and  interline  is  precisely 
similar.  The  lalter  help  to  explain  some  of  the  beneficial  effects  of 
"water-cures"  in  certain  cases  of  dyspepsia.  The  action  on  the  skin 
may  be  obtained  by  poultices,  compresses,  or  protracted  baths,  and 
may  conceivably  be  of  use  in  some  skin  diseases.  But,  as  has  been 
said,  the  action  is  slight ;  the  effects  of  poultices  and  baths  are  almost 
exclusively  thermal  and  reflex. 

Solutions  of  neutral  salts  stimulate  the  skin  in  a  similar  manner, 
but  somewhat  more  profoundly.  They  penetrate  more  readily,  and 
consequently  produce  some  stimulation  on  the  intact  skin.  This  is 
only  superficial,  but  in  the  shape  nf  sea-water  baths  it  can  be  made 
quite  extensive,  so  that  salts  arc  especially  useful  when  it  is  wi.shed 
to  obtain  a  mild  hut  extensive  stimulation  of  the  skin.  These  salts 
possess  an  advantage  over  most  other  irritants  in  iliat  they  do  not 
injure  the  epidermis. 

The  action  of  the  salts  on  the  stomach  and  intestine,  on  the  other 
hand,  is  rather  deep.  They  are  absorbed  before  they  have  time  to 
become  isotonic,  and  therefore  exert  their  salt  action  on  all  the  cells 
with  which  they  come  into  contact.  They  also  produce  a  mild  irrita- 
tion of  the  renal  epithelium.  The  therapeutic  uses  of  these  salts  in 
dyspepsia  and  as  diuretics,  as  well  as  their  toxicologic  importance, 
and  the  specific  irritant  properties  of  nitrates,  chlorates,  etc.,  have 
been  discussed  in  Chapters  XXIV  and  XXV. 

ALKALIES 

The  group  of  alkalies  includes  the  free  alkalies  and  those 
Raits  which  show  an  alkaline  reaction :  The  carbonates  and 
Incarhonates,  borates,  sulphids,  alkaline  cyanids,  and  basic 
phosphates. 

One  must  differentiate  very  sharply  between  dilute  and 
concentrated  solutions. 
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(a)  Dilute  Bolutions  cause  a  stimulation  of  the  cells.  They 
soften  the  epidermis  and  emulsify  and  dissolve  fat.  On 
the  mucous  membranes  they  effect  solution  of  mucus. 

Their  use  in  cleansing  the  skin  depends  upon  the  cmulsificatiofl  of 
fat  through  the  formation  of  soaps,  and  upon  the  softening  ni  the 
epidermis,  so  that  it  is  readily  removed  together  with  the  adhcnog 
impurities.  In  the  mouth  the  alkalies  have  a  characteristic  ^napy  taste- 
In  the  stomach  the  irritant  action  may  be  employed  lo  produce  jofl* 
stimulation,  and  they  aid  in  the  solution  of  mucus.  On  the  «!>*' 
hand,  they  may  derange  digestion  by  neutralizing  the  gastric  luu*- 
Thcir  action  is  not  very  deep,  since  they  are  neutralized  before  iho^ 
can  penetrate. 

Their  irritant  action  on  the  skin  is  employed  when  a 
stimulation  of  extensive  areas,  together  witli  a  softening  of 
the  epidermis,  is  desired  ;  as.  for  instance,  in  case  of  ichthy- 
osis.   They  are  then  used  in  the  form  of  alkaline  baths. 

Any  of  the  alkaline  salts  can  be  used;  such  as  sodium  carbonate  or 
bicarbonate,  putas^^iuni  carbonate,  or  borax,  in  the  proiM)rtion  of  jbf'Ul 
100  Gm.  per  bath;  for  lotions,  2%.  These  baths  are  hnpsi  administered 
at  night,  before  going  to  bed. 

(b)  Stronger  lolutions  and  solid  alkalies  combine  with  the 
tissue  elements  to  fi^rm  alkaline  albuminates,  or  with  the 
fats  to  form  soaps,  and  in  this  way  produce  a  destruclitwi 
of  substance. 

This  determines  their  use  as  caustics.  The\-  arc  aUo  ven*  bji"** 
scopic.  and  withdraw  water  from  the  cells,  which  coniribiitr*  lo  the 
necrosis.  The  scab  which  they  produce  is  very  soft,  and  the  c»«o- 
pounds  which  they  form  are  verj-  soluble;  consequently  the  llblw* 
penetrate  very  deeply,  and  it  is  difficult  to  circumscribe  their  artu* 
This  is  remedied  to  some  extent  by  mixing  them  with  insohible  p**' 
ders.  A  combination  of  potash  and  lime  makes  a  fairly  useful  prtf 
ration.  But  alkaline  caustic?  are  quite  painful,  and  lead  to  exlf"''** 
scar-formation,  so  that  they  are  not  popular.  Only  the  free  aft*^'* 
can  he  used  as  caustics,  since  the  carbonates  are  not  sufficiendf  po*" 
crful. 

(c)  Afflmonia  differs  from  the  other  alkalies  in  penetrat- 
ing deeper,  on  account  of  its  greater  volatility.  Ii  passes 
through  the  stratum  comeum  of  the  epideimis  without  to- 
juring  it.  and,  acting  upon  the  lower  layers  of  the  skiii- 
produces  blisters.  It  is  sometimes  used  for  this  purp^ 
instead  of  cantharJdes.  especially  in  nephritis,  where  tli' 
latter  cannot  be  employed.     It  is.  however,  more  p^\nM- 

Tt  Is  frecjuently  used  in  more  dilute  form  as  liniment  tof 
counter  irritation,  when  a  deep  action  is  desired      \u  a« 
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as  a  reflex  nen^ous  stimulant  has  been  sufficiently  discussed. 
(See  p.  561). 


THE  SULPHUR  COMPOUNDS. 

The  group  of  sulphur  compOLinds  coiupj'ises  sulphur,  sul- 
phuretted hydrogen,  the  sulphi'ds  and  polysulphids  and  thio- 
stdpliate.  Ich4hyol  and  Thiol  can  prnbalily  he  placed  in 
the  same  group. 

Locally  tliese  act  as  mild  irritants.  H^S  behaves  rather 
like  acids.  The  sulphids  and  pulysulphids  are  readily  de- 
composed into  H2S  and  the  alkali,  so  that  they  exhibit  both 
actions. 

Sulphuretted  Hydrogen. —  The  aclions  of  ttiis  poison  are  described 

on  pajje  461.  It  is  frequently  formed  in  intestinal  putrefaction,  (oving 
rise  to  diarrhea.  It  may  be  removed  by  the  administration  of  bistnuth 
salts.,  and  its  further  forinalion  checked  by  cathartics  and  intestinal 
antiseptics. 

The  gas  is  contained  in  small  quantity  in  a  number  of  mineral  waters 
(sulphur  springs).  These  are  recommended  for  a  variety  of  obscure 
disorder*.  —  rheumatism,  gout,  diabetes,  etc.  When  these  waters  are 
administered  for  some  time,  they  cause  diuresis  and  diaphoresis,  irrita 
tion  of  the  urinary  passages,  intestinal  irritation,  and  muscular  pains. 
Their  therapeutic  pffects  are  probably  to  be  referred  to  their  laxative, 
diuretic  and  diaphoretic  actions,  although  the  general  hygienic  con- 
ditions must  contribute  largely  to  the  results,  as  with  other  mineral 
waters  (  Boeckcr.  1805). 

Alkaline  Sulphids. —  When  applied  to  the  skin,  the  sulphids  pro- 
duce a  softening  of  the  stratum  corneum,  very  much  like  the  alkalies, 
and  they  are  used  in  the  same  conditions.  Their  action  on  hair  is 
even  greater,  so  that  ibey  arc  valuable  as  depilatories,  especially  calx 
sulphurata.  When  taken  by  mouth,  they  act  as  corrosives  and  irritants. 
through  the  liberation  of  sulphuretted  hydrogen  and  free  alkali.  They 
produce  but  little  systemic  action,  as  they  are  rapidly  oxidized.  They 
arc  excreted  in  the  urine  mainly  as  sulphates;  but  there  seem  to  be 
also  some  organic  .sulphur  compounds. 

.\  small  amount  of  some  volatile  sulphur  compound  is  also  excreted 
by  the  lun^s.  giving  the  peculiar  HjS  odor  to  the  breath,  and  causing 
some  expectorant  action. 

When  injected  intravenously,  the  sulphids  produce  violent  convul- 
sions, followed  by  depression  of  the  medullary  centers.  This  is  due 
to  a  direct  action.  Outside  of  the  body,  sulphids  form  a  peculiar 
compound  with  hemoglobin,  but  this  does  not  occur  during  life,  in 
mammals. 

Therapeutic  Uses:  The  sulphids  are  only  used  externally,  in  skin 
di.senses,  scabies,  etc.,  generally  as  baths,  containing  jo  to  200  Gms.  (l  to 
6  ors.)   of  sulphurated  potash. 

The  sulphids  have  been  proposed  as  an  antidote  for  hydrocyanic 
acid,  since  the^  would  form  sulphocyanids,  which  do  not  have  the 
hydrocyanic  add  action.  This  has  not  been  tested.  It  is  possible  that 
tlie  reaction  goes  on  loo  slowly  to  be  of  value. 

Sulphur. —  Free   sulphur,   as   such,   has    no    action    whatever ;    it   is, 
however,  converted  partly  into  sulphids  in  the  body,  and  shares  their 
actions.     This  conversion  takes   place  on   the   skin,  by    the   cutaneous 
1—43 
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secretions.  A  considerable  amount  <to  io%)  also  undergoes  thii 
change  in  the  intestine,  as  niaj^  be  readily  seen  from  the  mcreastd 
secretion  of  sulphate  by  the  urine.  The  conversion  is  ordinarily  n 
ferred  to  the  alkalies  of  the  intestine;  but  Hcfftcr  (1904)  points  out 
that  the  alkali  exists  as  bicarbonate,  which  cannot  affect  the  conver- 
sion. He  shows  that  it  is  produced  by  proteids  of  all  kinds  (even 
after  these  arc  boiled).* 

The  conversion  always  occurs  slowly,  $0  that  the  actinns  of  sulphur 
are  gradual,  mild  and  f*rolonged.  This  determines  its  value  Indrcd 
the  flowers  of  sulphur  are  more  valuable  than  precipitated  snlphur, 
since  the  latter  is  converted  too  rapidly,  on  account  of  its  fine  fub- 
division. 

The  actions  of  sulphur  agree  qualitatively  with  those  of  the  sulphid* 
On  the  skin,  it  acts  as  a  very  mild  irritant,  and  is  used  (a$  <'u!pl)U'' 
ointment)  mainly  as  a  parasiticide,  especially  in  scabies.  By  the  moiitK 
it  acts  as  a  laxative,  >olteninc  the  stools  with  practically  no  intcsunal 
irritation.  It  is  especially  valuable  in  hemorrhoids.  It  is  usually  a<i' 
ministered  as  Pulv.  Glycyrrhizae  Comp. :  or  mixed  with  equal  parts  of 
cream  of  tartar. 

Organic  Sulphur  Compounds. —  Peculiar  value  has  been  attribtani 
to  the  incompletely  oxidized  sulphur  occurring  in  organic  cotnpound.* 
The  pioneer  product  of  this  kind  is  ichthyol.  which  contains  lo*^  of 
sulphur  as  sulfon!*,  mercaptans  and  sulphids.  It  is  weakly  antiscf)(>^ 
and  mildly  irritant  Taken  internally,  it  produces  gastra-intesliiial  l^^ 
tation,  with  diarrhea.  Its  influence  on  metabolism  is  in  dispute,  h 
has  been  used  locally  to  cau^e  absorption  of  swellings  and  effiiwo«K 
in  contusions,  burns,  etc.,  and  especially  in  gynecologic  practice  I* 
has  also  proven  useful  in  skin-diseases,  acting  somewhat  like  snlph'*' 
Internally,  it  has  been  endorsed  against  the  greatest  variety  of  tii>ea*'* 
of  digestion,  respiration,  gcnito-urinary  tract,  tuberculosis,  etc.  Thoe 
claims  bear  the   stamp  of  exaggeration. 

Ichthyol  Substitutes. —  The  disagreeable  odor  and  taste  of  ichthH 
cannot  be  disguised  by  flavors,  hut  can  he  removed  by  combinaWj 
Jchthalbin.  a  compound  with  albumen,  is  recommended  for  iniowl 
administration  :  Ichthyoform.  an  almost  insoluble  compound  with  fc*' 
m;ililehyde.   as  antiseptic    dusting  powder. 

The  commercial  succes-s  of  ichthyol  has  led  to  the  substitution  o' * 
number  of  synthetic  f^roducts.  fonned  by  saturating  mineral  oH*  »i» 
sulphur.  Thiol  and  Tumenol  are  the  principal  products  of  thi*  di**- 
They  have  the  same  actions  as  ichtliyol.  with  the  advantage  that  lJ*J 
are  tasteless-  Linseed  oil  ';aturated  with  sulphur  has  long  been  us*^ 
in  domestic  medicine  under  the  name  of  Harlem  Oil. 

Sulphites  and   Sulphurous  Add — These  have   some  practial  tf*" 
portance,  as  they  arc  used  for  preserving  ff>od.     The  free  acii'        *" 
irritant.     It  is   formed  by   the  combustion  of  sulphur  and    i? 
disinfecting  rooms,  etc.     Sodium  sulphite  is  quite  toxic  when 
subcutancously  or   intravenously,  causing  depression   and   par 
the  central  nervous  system,  especially  the  medulla ;  and  of  th- 
and  arterial  muscle.     Death  occurs  by  paralysis  of  respiratioi 
larger  quantities  are  tolerated  by  the  mouth:  the  sulphite  bcr  . 
ably   slowly  absorbed.     The  gr>rater  part   is  oxidized   to   the   ! 
sulphate  during  and  after  absorption.     Large  amounts  may  c.\ 
tation  and  vomiting,  sulphurous  acid  being  lilierated   in   the  <• 
The  quantities  which  may  be  taken  in  preser^xd  f<K>d  cause  n-     :"' 
toms.  even  when  continued  for  several  months.     If,  how---^- 
maU  are  killed  and  examined,  extensive  hemorrhagic  an.' 
lesions   are    found    in    various    organs    (Kiciika    and    EL  .. 
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are  probably  due  to  destruction  of  red  blood  cells,  with  infarc- 
Harrington,    1904,  also  describes  nephritic  changes.     The  use  of 
e   prcstrrvativcs,   except   in    minimal   quantity,   should    therefore   be 
Iemn,*d. 

yposulphites   (really  thiosulphatcs)    seem  to  have  similar  actions, 
ar  a^  ihcy  have  been  investigated. 

htrapeutic  i's^s. —  Sulphurous  acid  and  Aodinm  sulphite  are  somc- 
rs  u:&cd  internally  in  fermentative  dyspepsia.  The  sulphite  and 
sulphate  (hyposulphite;  are  emploved  as  inouth-waiih  in  aphthz, 
a5  10%  lotion  in  ringworm  and  other  parasitic  skin-diseases.  The 
sulphate  is  the  more  powerful.  The  weak  antiseptic  action  is  due 
he  reducing  property. 


■    MATERIA  MEDICA  OF  SULPHUR  COMPOUNDS. 

ilfihur  Sul'limatum  (U.S.P.,  h.P.).— irimcfrs  of  Sulphur.)-' S. 
•  sublimed  crude  sulphur.  Dose:  i  to  4  Gm.  (15  to  60  grains). 
Gm.  =  6o  grs.  U.S.P.  >     Insoluble. 

utfthur  Lotum  {\:S.P.)^Woshcd  5'«//'/i«r.— Sulphur  washed  with 
nonia  water,  lo  remove  free  acid.     Dose:  same, 
ntcrs  into  the  preparation  of: 

nsuentum  S»lphuris  (U.S.P.,  B.P.)— 15%.  (Benzoinated  Lard.) 
uhis  Gtycyrrhisa  Compositus  (U.S.P..  B.P.).— Contains  8%  (10% 
.)  of  sulphur.  Dose:  4  to  8  Gm.  (1  to  2  drachms).  (4  Gm.=  i3, 
.P) 

miphur  Prrcipitatum  (U.S.P.,  B.P.).— (Lac  Sulphuris.  Milk  of  Sul- 
r.) — Made  by  precipitating  a  solution  of  sulphurated  lime  with 
I.  Dose:  i  to  j  Gm.  (15  to  45  grains).  (4  Gm.  =  6o  grs..  U.S.P.) 
a/jr  Sutphurala  (U.S.P.,  B.P.).— Made  by  reducing  Calcium  Sui- 
te by  heating  with  charcoal.  Contains  60%  of  CaS,  and  is  somc- 
ES  called  "  calcium  sulphide."  It  has  some  repute  as  checking  the 
nationof  boils,  being  given  mJoi«  of  0.005  to  0.05  Gm.  (Vi#»  to  ^ 
in).     (0065  Gm.  =  1  gr..  US  P.) 

otassa  Suiphurata  ( B.P.).— (Lhrr  of  Suifhur.)  Made  by  fusing 
nd  K,CO».     Soluble  in  2  parts  of  water.     Us*rd  in  the  form  of  baihg 

lo  aoo  Gm.  pt-r  bath). 

ddum  Suiphurosum   (U.S.P.,  B.P.).- See  Index, 
orfii  Sulphis   (U.S.P.,   B.P.).— Na,SO. +  7H,0.     Sol.  in  7.  water, 
ringly  in  ale.     O.xidires  in  air  to  sulphate.     Dose:  0.3  lo  2  Gm.   (S 
jO  grains).     (1  Gm.  =  15  grs.,  U.S.P.) 

orfti'  Bisulphis  (U.S.P.).— NaHSC.  Sol.  in  3-5  water,  70  ale. 
If:  as  the  prccnling.     (0.5  Gm.  =  7*.^  gr..  U.S.P.) 

odii   Thiosulphas    {U.S.?.).— {Sodium   Hyposulphile).~UA,S/D,-^ 
,0     Large   crystals,  sol.    in  0.35    water,   insol.   in  ale.     Decomposed 
lirating.     Dose:  as  the  Sulphites. 
•cr  use  as  Jotions  these  salts  are  dissolved  in  8  to  10  parts  of  zvater. 

lihthyol:  A  mixture  of  sulphur  compound*,  obtained  by  the  dis- 
at»on  of  a  bituminous  shale,  rich  in  the  fos.sil  remains  of  fishes 
•nee  the  name),  found  in  Tyrol.  Rendered  soluble  in  water,  glycer- 
oiln.  and  equal  parts  of  alcohol  and  ether,  by  being  partly  converted 
>  ammonium  icnthyosulfonate.  This,  the  conmercial  product,  is  a 
k  bruwn  oil,  of  weakly  acid  reaction,  and  of  disagreeable  odor  and 
le.  It  is  used  as  ointment,  diluted  with  oetrolatum  or  glycerin,  in 
fngths  of  5  to  50%;  as  a  lotion  (5  to  10%)  :  or  internally  in  doses 
0?  to  t  Gm.   (3  to  15  grains). 

Ickthalbin   (Ichtbyolalbuminate) :     Brown  powder,  odorless,  insolu- 

in  water,  soluble  in  alkaline  fluids.  Dose:  0.5  to  2  Gm.  (8  to  jo 
litis). 

Stsdjr  M»Uru   Mcdica    Lectan   s- 
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•  Ichlhyoform  (Ichthyol-formaldehyde)  :  Blackish-brown  powder,  al- 
most ofiorless;  as  dusting  powder.  Dose,  for  intesiinat  anti^^psis, 
0.5  10  2  Cjm.   (8  to  30  grams). 

•  Thiol.  An  artificial  product,  consisting  nnainly  of  suUons.  Brown 
oil  or  powder,  odorless,  freely  soluble  in  the  same  solvents  as  ich- 
thyol.     U^ed  in  the  same  manner.  ^| 

•  Tumenol:     Another  similar  product     It  exists  as  tumenol  proper,  | 
a  thick  oil ;  as  tunicnol  powder,  and  as  tumcnol  oil.  a  thitincr  product 
All  are  dark-colored  and  almost   odorless.     Tumcnol  and   the  powder 
dissolve   like   ichlhyol.     ITie  oil   h  insoluble  in   water,    but   soluble  ni 
ether.     These  products  arc  used  like  ichthyol. 


ACIDS. 
(For  the  Materia  Mcdica  of  acids,  sec  Index.) 

(a)  Members, —  The  most  typical  acids  in  regard  to  the  local  acttoo 
are  xuipliurit  and  hydrochlonc  acid.  Nitric  acid  produces  the  *aro« 
cflfects.  b«t  differs  from  the-ie  in  its  chemic  action,  producing  xantho- 
proteic acid  from  the  proteids.  Tlie  sulph%trous  acid  has  also  a  marked 
corrosive  power.  HydroHuoric  acid  has  a  specific  toxic  action,  pene- 
trates very  deeply  in  virtue  of  its  volatility,  and  is  especially  sirong!y 
corrosive.  Of  the  organic  acids,  those  of  the  fatty  series  act  similarly, 
but  are  weaker.  The  irichhr-acctic  acid  is  the  most  corrosive  of  these 
The  volatility  of  most  of  the  fatty  acids  makes  them  more  penetrating 
than  the  mineral  acids.  Oxalic  acid  occupies  a  place  by  itself  on  ac- 
count of  its  specific  toxic  action,  produced  probably  by  the  precipitation 
of  the  calcinm. 

The  compound  acids — such  as  ethyl-sulphuric,  etc.— act  like  organs 
acids.  The  aromatic  acids  act  partly  as  acids,  but  this  action  is  grc;f>iy 
obscured   by  their  collapse  action. 

The  irritant  action  of  the  acids  is  also  shared  to  some  extent  by  tfac 
acid  salts,  acid  tartrates,  acid  sidphates,  etc. 

(b)  The  natnrc  of  the  canstic  action  produced  by  acids 
varies  to  some  extent  witli  the  cunslituents  of  the  tis.sucs. 
But.  oil  the  whole,  it  consists,  with  concentrated  acids,  in 
withdrawal  of  water:  in  the  formation  of  acid  albumins; in 
softeninij  o{  the  connective  tissue  and  epithehimi;  aixl  in 
special  situations,  in  solution  of  calcareous  material 

All  the  concentrated  acids  have  an  affinity  for  water,  and  withdraw 
this  from  the  cell:-;.  This  affinity  is  so  strong  in  the  case  of  conccn- 
trated  H;SO,  that  not  only  Ihe  formed  water  is  withdrawn  from  the 
tis.sucs,  hut  the  elements  II  and  O  are  split  oflf  from  their  chemic  ojro- 
binations  with  carbon,  leading  to  carbonization. 

All  acids  convert  f^rutrids  into  acid-albumins,  which  are  insolubl*  *" 
moderately  strong,  but  soluble  in  concentrated  or  very  weak  ac^*** 
Upon  this  precipitation  of  proteids  depends  their  astringent  and  siypt»c 
action. 

The  connective  tissue  undergoes  a  rather  peculiar  change.  It  i'  ^ 
dissolved,  hut  is  softened  nnd  rendered  more  soluble  in  boilinjt  watff 
(Tliis  explains  why  meat  becomes  more  tender  on  keeping.  1  The  c<*"" 
centrated  acids  have  a  similar  elTcct  upon  epithelium.  Without  actua"'' 
dissolving  it,  they  soften  it  in  such  a  manner  that  it  is  readily  d^ 
taclied.    Dilute  acids,  on  the  otlier  hand,  harden  it. 
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The  profound  tissue  destruction  by  acids  gives  rise  to 
extensive  scar-formation.*  For  this  reason,  and  because 
they  are  very  painful,  they  are  not  much  used  as  caustics. 

The  destnjction  of  proteids  makes  acids  efficient  antisep- 
tics. Even  quite  diUite  sohitions,  such  as  the  gastric  juice, 
suffice  to  hmit  the  growth  of  bacteria.  The  concentrated 
acids  destroy  them  outright,. 

(c)  Dilate  solutions  of  acids  produce  a  mild  irritation, 
and  at  the  same  time  harden  the  epitlieHum,  without  de- 
stroying it.  They  are  therefore  preferred  to  alkalies  as 
counterirritants. 

They  differ  from  the  volatile  organic  irritants  in  that 
they  do  not  penetrate  so  deeply,  and  ilo  not  cause  nephritis. 
They  are  therefore  specifically  indicated  in  certain  condi- 
tions. 

For  this  purpose  they  may  be  used  in  the  form  of  batlis.  in  the 
strength  of  about  .30  c.c.  (i  ouikc)  to  the  bath  (.^0  Rallons).  Or  thev 
may  be  applied  as  lotions.  In  this  c.i<ie  the  volatile  acids  arc  preferred, 
because  their  action  is  deeper.  Formic  acid  has  a  special  reputation. 
It  is  used  in  the  strenRth  of  about  4%  or  5%  in  alcohol. 

This  stimulation  of  the  skin  without  destruction  of  epidermis  is  very 
frequently  used  to  increase  the  amount  of  sweat ;  and  acids,  usually 
in  the  form  of  vinegar,  are  therefore  used  for  sponging  in  fever.  On 
this  account  they  have  received  the  name  of  "  refrigerants  "  On  the 
other  hand,  they  arc  used  in  excessive  secretion  of  sweat  (sweating 
feet)  to  harden  the  epidermis.  For  this  purpose  5  or  10  c.c.  of  con- 
ocntraicd  hydrochloric  acid  are  put  in  a  basm  of  water  and  Ihe  feet 
placed  in  this  until  they  become  painful.  This  is  done  about  twice  a 
week. 

Their  use  in  dyspepsia  has  already  been  noted  on  page  585.  The  con- 
tinued use  of  even  quite  dilute  solutions  of  mineral  acids  (mineral 
lemonade)  leads  to  chronic  gastritis.  The  irritant  action  on  the  ali- 
mentary canal  is  employed  to  produce  catharsis.  It  has  been  pointed 
out  (Chap.  XXVI)  thai  the  tree  acids  will  not  reach  the  intestine, 
so  that  acid  salts  or  acid  fruits  are  used  for  this  purpose. 

The  irritant  action  of  the  volatile  acids  is  sometimes  employed  to 
produce  reflex  stimulation  of  the  central  nervous  system  by  inhaling 
vinegar,  etc. 

(d)  Continued  exposure  to  the  vapors  of  acids,  as  occurs  in  cer- 
tain trades,  gives  rise  to  chronic  bronchitis.  They  also  attack  the 
teeth,  and  from  these  the  necrosis  may  spread  to  the  jaw,  as  with 
phosphorus. 

THE  H.^LOIDS. 

(■>  General. —  These  comprise  bromin,  iodin.  chlorin,  and  tlie  hypo- 
chlorites. 

Their  corrosive  action  is  determined  by  their  entering  very  easily 
into  chemic  reaction  with  .ill  kinds  of  organic  substances,  taking  from 
them  hydrogen  and  forming  hydrobromic,  hydrochloric,  and  hydriodic 
acids,  which  have  the  ordinary  acid  actions.  If  water  is  present  they 
will    set   free   oxygen   in   the   form   of  ozone,   by   combining   with   the 


'  Sec  V.  Uoffminn*!  Atlas  of  Lcffal  Medicine.  Plate*  33,  34,  35.  36  and  37. 
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hydrogen  of  the  water;  this  is  also  a  strong  irritant.  The  hitogem 
fiirthiTmore  enter  directly  into  the  proteid  molecule. 

(b>  Bromin  and  Chforin. —  Uromin  ib  the  most  violent  of  ttw 
haloids,  because  it  is  at  once  volatile  and  fluid.  It  produce*  very  deep 
and  very  extensive  destruction  of  substance,  somewhat  like  alkalicj. 

As  volatile  poi.Hons,  brvmin  and  chlorin  have  a  ^ery  sirofii*  action 
upon  the  respiratory  organs.  One  part  in  a  million  of  lirumia  i» 
already  disagreeable;    10:1,000.000  is  said  to  be  dangerous. 

The  action  of  bromin  and  chlorin  is  purely  local. 

It  has  been  claimed  that  they  are  absorbed  and  excreted  in  ihc  fw 
state  m  the  urine.  The  absurdity  of  this  is  shown  by  the  fact  th^i 
these  are  used  as  tests  for   urea. 

Ha^min,  chlorin,  and  the  hypochlorites  are  sometimes  used  »s  arti* 
septic?.  (See  Chap.  XVII.  C.)  They  have  practically  no  other  then- 
peutic  uses. 

(0)  lodin. —  The  case  is  quite  different  with  the  remain- 
ing haloid,  idoin.  Free  iodin  forms  one  of  the  most  iiseiul 
of  counterirritants.  Just  as  in  the  case  of  the  iridids,  hm- 
ever,  its  characteristic  action  has  in  it  nothing  special  bui 
can  he  explained  on  easily  undcrsto<jfI  principles,  It  pre 
cipitates  prt>teids  and  enters  into  easily  dissrxiated  ci^m 
pounds  with  them.  On  this  account  it  remains  for  3  long 
time  at  the  place  w  Iiere  it  is  applied.  At  the  same  ttrac  it 
I>enetrates  on  account  of  its  volatility.  Its  action  is  iJicre- 
fore  at  once  lasting  anil  penetrating.  The  action  is  com- 
paratively mild,  and  can  be  easily  graduated  by  successive 
applications;  so  that  it  is  possible  to  reach  very  stnMig 
sensory  irritation  without  causing  a  deep  destruction  <^i 
tissue. 

These  actions  suffice  to  explain  its  therapeutic  soccc*^ 
It  is  used  mainly  for  the  removal  of-  intlaiumiUory  produii^' 
in  rheumatism,  tubercular  glamts  and  swellings.  syfM^^^^ 
affections,  etc.  It  was  at  one  time  used  extensively  I'y 
injection  to  cause  adhesive  inflammation  in  cvsls  "f  ^' 
kinds.  This  is  extremely  painful,  and  sometimes  catt-^ 
local  gangrene,  or  at  times  enough  is  absorlied  to  caa* 
general  symptoms:  gastritis,  arterial  spasm,  neurotic  fon- 
ditions.  solution  of  red  corpuscles,  degenerative  Icsioiis  w 
the  liver,  etc.  Tf  it  is  used  at  all  for  injection,  it  sliouW^ 
in  the  form  of  the  compound  (aqueous)  solution  (Ijig*** 
solution)  and  not  of  the  alcoholic  tincture.  It  ha^  been 
displaced  almost  entirely  by  surgical  treatment.  In  i*'* 
injection  in  f^oitcr  it  probably  acts  simply  as  a  counttf- 
irritant,  and  not  as  do  the  ioditis  given  internally. 

The  treatment  of  f>oisouhtf^  by  haloids  consists  in  dflnol* 
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cents  (egg  or  milk  or  oils);  dilute  alkalies  (NaHCO.,); 
iodin  demands  starch.  Sodium  hyposulphite  is  also  some- 
what antidotal 


MATERIA  MEDICA  OF  HALOIDS. 

Bronium    (U.S.P.). —  Br.     A  brown  liquid. 

*  Chlorum.^  CI.     A  green  gas. 

Liquor  Chlori  Compositus  (U.S.  P.). —  {Aqua  Chlori).  At  least 
Out%  CI.  Should  be  freshly  made  by  decomposing  KC10»  with  HCI. 
Dos^:  4  c.c.  =  i3   (U.S.  P. 

Catx  Chlorinata  ( U.  S.  P.,  ^.V.).— Chlorinated  Lime.— {Bleaching 
powder.)  (Mi&called  Chloride  oi  Lime.)  Made  by  passing  chlonii 
over  slaked  lime.  Should  contain  30%  of  chlorin  which  can  be  lib- 
erated by  acids. 

Liquor  Soda  Chlorinata  CU.S.P.,  B.  P.). —  Labarraque's  Solution 
Javellc  Water, —  Made  by  decomposing  Chlorinated  Lime  with  a  solu- 
tion of  Sodium  Carlwnate.  Contains  at  least  2.4%  of  Chlorin.  Dose: 
I   c.c,  =  i5  m.  U.S.P. 

lodum  (U-S.P.,  B.P.). —  Iodin. —  I.  Characteristic  scales:  soluble  in 
5000  water,  freely  in  aqueous  snltition  of  KI  or  in  10  parts  of  Alcohol. 
Dose:  5  mg.  =  7,-  gr..  U.S.P. 

Ltguor  lodi  Compositus  (U.S.P.).— (/.M^rc/V  Solution.)—!,  5%;  KI, 
10%.    Dose:  0.06  to  0.5  c.c.  (i  to  10  minims).     (0.2  c.c.  =  3  Tl^,  U.S.P.) 

Liquor  lodi  Fortis   (HP.).- -14%   I   in  KI.     Externally. 

TiHctura  lodi  (U.S.P.,  7%;  KI.  5%)  (B.P..  3»4%1.  Dose:  0.06  to 
0.3  c.c.   ( 1  to  s  minims),  diluted,     (o.i  c.c,  =  i!'<nt,  U.S.P.) 

i'nguenlum    lodi    (U.S.P..    B.P.).— 4% 

Sulphuris  lodidum  (U.S.P.,  B.P.). —  Made  by  fusing  sulphur  and 
iodin.     Contains  80%  of  the  latter.     Used  externally  like  iodin. 

Unguentum  Sulphuris  lodidi  (B.P.). 

*  iodin  Tribromid.^l^Tu  Recommended  in  angina  diphtheritica  as 
spray,  in   I  1300  dilution. 

*  Iodin  Trichlorid. —  IQ».     Ami.^eptic    (l  :  1000).     Soluble  in  alcohol. 
(d)    Iodoform. —  This    substance   acts  by   liberating   iodin ;   but   this 

shows  some  peculiarities,  due  to  the  manner  in  which  it  is  produced. 
Iodoform  itself  is  insoluble  and  probably  quite  inactive.  It  is  also 
quite  stable  outside  of  the  body:  but  in  contact  with  tissues  or  their 
extracts,  and  particularly  with  diseased  tissues  and  with  bacteria,  it 
slowly  evolves  iodin  <  Altenburg,  Schmidt,  1901).  This  occurs  so  slow- 
ly that  the  effects  are  mild,  but  quite  sufficient  in  be  markedly  antiseptic 
to  bacteria,  and  stimulant  to  the  cells.  Iodoform  is  therefore  very  valu- 
able in  treating  open  wounds,  since  it  promotes  healing  by  stimulating 
granulation  and  lessening  or  preventing  infection.  It  is  the  most  uni- 
versally used  dusting  powder;  it  is  also  injected  into  tubercular  joints 
usu.-illy  as  an  emulsion  with  glycerin  (sec  page  387). 

Iodoform  has,  however,  a  number  of  disadvantages:  The  most  ob- 
jectionable feature  is  the  persistent  odor,  which  cannot  be  disguised 
by  any  perfume.  Iodoform  is  also  apt  to  develop  irritant  phenomena 
in  susceptible  individuals,  producing  particularly  eczemas,  even  in  mi- 
nute amounts. 

General  intoxication. —  CP.  Mulzer.  1905).  Thi«  may  occur  when 
iodoform  is  applied  over  a  large  area,  or  when  it  is  injected. 
The  symptoms  consist  in  diuresis,  lassitrde  and  somnolence,  hallucina- 
tions, diminished   refJexcs,  light  convulsion*,  and  paralyses.    The  lem- 

•  Vot   official. 

Study   Materia  Mrdica  LcMon  6. 


I 


68o 


irritants;  corrosives. 


CH,    XXVIU 


peraturt  falls.  Death  occurs  through  general  paralysis  of  the  central 
nervous  system.  Sodium  bicarbonate  is  said  lo  be  antidotal.  Chronic 
poisoning  is  also  characterized  by  paralytic  phenomena.  Tlie  heart, 
liver  and  kidneys  exhibit  fatty  changes.  Iodoform  dermatitis  is  some- 
times   seen.     It    resembles   ivy   poisoning    (Bryan,    IQ03). 

Excretion:  Iodoform  is  not  excreted  as  such,  either  by  the  kidneys 
or  lungs.     It  appears  in  the  urine  as  iodid  and  iodate, 

(e)  Iodoform  Substitutes. —  The  unpleasant  odor  of  iodoform  has 
led  to  a  search  for  substiruteS.  The  odor  can  be  much  diminished 
by  combining  the  iodoform  with  hcxamcthylenctetramin  ("  Iodoform- 
in")  and  this  with  ethyl-iodid  ("  I odo format ")  ;  or  by  enveloping  the 
iodoform  with  coagulated  protcid  i"  fodoformogen").  All  these  com- 
pounds, however,  are  decomposed  by  water,  with  the  liberation  of 
iodoform:  so   that  they   accomplish   their  object   very   imperfectly. 

Since  the  value  of  iodoform  rests  on  the  slow  evolution  of  iodin, 
it  could  theoretically  be  replaced  by  other  inodorous,  insoluble  com- 
pounds holding  iodin  in  weak  combination.  A  number  of  such  prod- 
ucts have  been  introduced.  Although  it  is  not  easy  to  form  a  fair 
judgment  of  their  value,  they  seem  to  l>e  rather  inferior  10  iodoform. 
It  is  apparently  venr  difficult  to  reproduce  just  the  same  favorable 
loose  combination.  The  high  price  of  these  products  is  also  against 
them. 

The  following  are  the  principal,  more  or  less  successful,  iodoform 
substitutes  of  this  class: 

Thymol  iodid  (Aristol),  lodol  (tetra-iodo-pyrrol) ;  Europhen  (1 
crcsol  iodid)  ;  and  Eigon  (iodized  proteid).  These  may  also  be  used 
internally  for  the  systemic  effects  of  iodin,  but  have  no  advantage 
over  potaiisiuni  iodid.  Diiodoform  (Csl*)  has  also  been  tried  as  iodo* 
form  substitute^  but  decomposes  too  readily. 

Iodin  introduced  into  the  nucleus  of  benzol-derivatives  is  held  so 
firmly  that  these  compounds  do  not  have  the  iodoform  action  — 
although  they  arc  generally  antiseptic  by  belonging  to  the  bentol- 
scries.  Such  product5  are:  Losophan  (Tri-iod-metacresol  —  very  irri- 
tant, used  against  cutaneous  parasites)  ;  also  letra-iod-pbenolphthalein 
(Nosophcn)  and  its  sodium  salt  (Antinosin)  and  bismuth  salt  (£«• 
doxin)  ;  Sosoiodot  and  Picrol  (iodized  aromatic  snlfo-acids),  etc- 

Some  of  the  indications  of  iodoform  may  be  met  by  bismuth  salts 
(see  page  620). 


MATERIA   MEDICA   OF  TODOFORM   GROUP. 

fodofonnum  (U.S.  P..  B.  F.).—  Iodoform.— CW*.  Made  by  the  re- 
action of  alcohol,  iodin,  and  pot.  bicarbonate.  Yellow  crystals  of  » 
characteristic  odor.  Ver>-  slightly  soluble  in  water  or  glycerin,  soluble 
in  467  parts  of  alcohol,  freely  in  oils  or  ether.  Contains  97%  of  iodia^ 
Dose:  0.05  to  02  Gm.  (t  to  3  grs.)    (0.25  Gm.  =  4  grs.,  U.S.  P.). 

I'ngHentum  lodoformi  (U.S.  P..  B.  P.)  contains  10%,  in  Lard. 

Supposiloria  lodoformi  ( B.  P.)  each  contains  0.2  Gm.   <3  gr*.) 

Iodoform  (and  other  loose  iodin  derivatives)  are  incompatible  xtntl^ 
starch.     They  are  generally  decomposed  by  heat,  and  can  therefore  nor 
be   sterilized   in   this   manner.     Since  they  become  antiseptic    when  Af 
plied    to   wounds,   sterilization    is   usually   superfluous.     Iodoform    reti- 
dered  aseptic  by  the  addition  of  a  trace  of  paraform  is  on  the  ma 
under  the  name  of  "  Eka-iodoform." 

The  iodoform  substitutes  are  also  injured  by  heal  and  light.    They 
are  all  insoluble  in  water  and  are  used  like  iodoform. 

*  lodoformin,  lodoformal.  and  Jodoformogcn  have  a    faint   o<1or  oF 
iodoform ;  the  first  is  whitish,  the  others  yellow.     The  first  two  liberate 
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iodoform  on  the  addition  of  water.  lodoformin  contains  75%  of  iodo- 
form;  iodoformogcn  10%. 

Thymolis  lodidum  (U.  S.  P.).—  CDilhymol-diiodid—  (CH:CH,.C,Hr. 
OHj  —  Aristol).—  Contains  45%  lodin.  Chocolate  colored  powder 
with  slight  aromatic  odor.  Insol.  in  water  or  glyc. ;  slightly  sol.  in 
ale,  readily  in  oils,  ether,  etc. 

lodolum  (U.S.  P.).— /orfo/  — Tetraiodopyrrol  — CUNH.  Grayish- 
bruwn  powder,  without  odor  or  caste.  Sol.  in  4900  water,  9  ale. ;  also 
in  oils,  etc.    Dose:  0.25  Gm.  =4  grs.  (U.  S.  P.). 

*  Europhen,  Eigon,  Diiodoform. —  Yellow  powders,  practically  devoid 
of  odor  and  taste. 

*  LosophaH  occurs  as  white,  odorless  needles,  practically  insoluble 
in  water:  used  as  1  to  3%  ointment  or  1%  lotion  (with  75%  alcohol) 
in  ringworm,  favus.  pruritus,  etc. 

*  Nosophcn  and  Eudoxin  arc  brownish  powders,  practically  insoluble 
in  water,  used  on  wounds,  and  intcnially  as  intestinal  antiseptics  in 
dose  of  0.3  to  0.5  Gm.  (5  to  10  grains). 

*  AntinosiK  occurs  as  blue  crystals,  soluble  in  water,  used  as  anti- 
septic lotion  in  strength  of  0.1  to  2%. 

*  Sosohdol  (Di-iod-phenol  sulfoacid)  is  used  as  antiseptic  in  the  form 
of  its  Hg.  K,  Na  and  Zn  salts. 


HYDROGEN  DIOXID. 

The  peroxids  resemble  the  hiilcgcn.*  somewhat.  Tliey  arc  fairly 
stable,  but  under  certain  conditions  they  part  with  a  portion  of  their 
oxygen,  which  in  this  nascent  condition  is  especially  active,  and  exerts 
antiseptic  effects.  The  hydrogen  peroxid  is  the  best  known  and  is 
employed  for  washing  wounds  ana  ulcers,  as  injection  for  gonorrhea, 
as  mouth- wash,  etc.  It  is  scarcely  irritant,  but  is  best  diluted.  In 
contact  with  pus  it  foams,  and  this  aids  mechanically  in  cleansing  the 
wound.  Hydrogen  pero.xid  is  also  a  chcmic  antidote  for  cyanid  and 
phosphorus  poisoning.  It  is  often  used  for  bleaching  the  hair  and 
fabrics. 

Aqua  fiydrogcnii  Dioxidi  (US.  P.)  {Liquor  Hydrogem'i  Ptroxidi, 
B.  P.). —  An  aqueous  solution  containing  3%  by  weight  of  H-Ov,  and 
yielding  ten  times  its  volume  of  oxypen.  (Prepared  hy  decomposing 
barium  peroxid  by  means  of  phosphoric  acid.  Incompatible  with  easily 
oxidizabte  sub«^tances. ) 

*  Pyroson  represents  a  50%  solution  of  H|Oi  in  ether. 

The  organU  frrroxids,  which  are  used  as  intestinal  antiseptics,  are 
discussed  on  page  386. 

METALLIC  SALTS. 

(a)  General. —  The  local  action  of  metallic  salts  fwith  the  excep- 
tion of  arsenic  and  antimony)  is  due  to  their  Eomiing  compounds  with 
the  tissue  elements,  which  are  only  soluble  under  certain  conditions. 
In  this  way  the  albuminate,  etc.,  o?  the  metal  is  formed,  and  the  acid 
of  the  metallic  salt  is  set  free.  If.  for  instance,  a  solution  of  ferric 
chlorid  is  added  to  egg-albumen,  the  result  is  an  albuminate  of  iron, 
and  free  hydrochloric  acid. 

This  free  acid  will  exert  its  own  irritant  action.  So  that  the  local 
effects  of  metallic  salts  rest  on  two  factors:  the  precipitant  action  of 
the  metal,  and  the  irritant  action  of  the  liberated  acid.  'Both  will  have 
an  inRucnce  upon  the  total  effect.  The  melal-proteid  compounds  are 
usually  of  inconstant  composition;  1.  f.,  they  contain  varying  amounts 
of  metal  and  proieids. 
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Some  of  these  metal  albuminates  are  almo<it  insoluble  in  water: 
some  arc  soluble  in  excess  of  proteid,  especially  when  neutral  salt**  arc 
prcsenl ;  others  are  not.  This  solubility  is  of  practical  importance  in  J 
the  local  action.  If  the  precipitate  is  soluble,  there  is  no  obstacle  lo  H 
the  penetration  of  the  metal,  and  its  action,  irritant  or  caustic,  is  deep. 
If.  on  the  oilier  hand,  the  precipitate  is  insoluble,  as  in  the  case  of 
lead  salts,  penetration  cannot  take  place;  the  irritation  is  confined  to 
the  surface,  and  an  a'strinsent  action  results.  The  difference  between 
caustic  and  astringent  aclion  is  therefore  mainly  one  of  penetration 
In  regard  to  this,  the  metals  stand  in  about  the  following^  order:  Thr 
most  astringent  is  lead:  then  conies  aluminum;  then  iron;  then  zinc 
copper,  silver,  and  tin,  which  stand  about  on  a  level;  the  most  cau«tic 
is  mercury.  As  to  (he  liberated  acids,  the  strongest  caustic  aaion 
appears  in  hydrochloric  acid;  then  come?  nitric  acid:  then  sulphuric; 
then  phosphoric :  the  weakest  of  all  arc  the  organic  acids  —  acetic. 
citric,  and  tartaric. 

By  proper  combination,  then,  between  the  metals  and  the  acids,  one 
may  obtain  any  grade  of  action  from  pure  caustic  to  pure  astringent. 

The  most  typicai  caustic  would  be  mercuric  chlorid,  the  most  i)'pictl 
astringent,  lead  acetate. 

The  strength  of  action  will,  of  course,  also  depend  upon  the  con- 
centration in  which  the  s.ilt  is  used»  and  this  ts  often  limited  by  its 
solubility.  The  chlorid  of  silver  would,  theoretically,  be  a  stronger 
caustic  than  the  nitrate,  but  since  it  is  not  soluble,  it  cannot  be  used  in 
the   same  concentration. 

It  must  not  be  forgotten  that  the  irritant  action,  the  astringent 
action,  and  the  caustic  action,  are  merely  degrees  of  the  same  proccs*. 
Tlie  a.stringent  action  always  precedes  the  caustic  action;  and,  conse- 
quently, by  proper  dilution,  one  ma^  obtain  astringent  effects  from  salts 
which  arc  ordinarily  purely  caustic.  For  instance,  silver  nitrate  cin 
be  so  graduated  in  strength  as  lo  have  a  purely  astringent  action, 
without   any  caustic   effect   whatever. 

Tt  is  therefore  impossible  to  esiahlish  a  perfectly  definite  cla«sifiea|h^n 
between  the  metallic  salts.  An  approximation  to  it  is  given  in  the 
following  table: 

CLASSIFICATION  OF  METALLIC  SALTS.  i 

Mainly  Caustic:    All  Hg  salts;  ZnCU;  SnCU;  SbOi:  1 

tartar  emetic;  CuSO<.  I 

Both    Caustic    and    Astringent :     Fc    salt*. :    ZnSO» : 

ZnAc,*:   CuAc,:   AgNO.;   PbfXO,).-;   PbU 
Mainly    Astringent:     Alum:    PbAc,:    Pb,OAc,:    ZnO, 
Bi    subnitrate;   white  precipitate. 
(b)   The  caustic  action  of  metallic  salts:    This  was  formerly  iMe^ 
quite   extensively.  ht!t   it  has  now  been  largely  abandoned      Mo*:!  ar* 
not  sufficiently  powerful   for  this  purpose;  others,  again,  are  loo  toxi<==' 
being   absorbed    in    sufficient    amount    to    produce    poisoning.    To   t^*^ 
latter  class  belong  arsenic,  antimony,  and  mercury.     Zinc  chlorid  ar*-^ 
antimony  chlorid    (Butter  of  Antimony)   are  ver>-  active  caustics,  bi^^ 
rather  too  diffluent.     Their  scab  is  so  soft  that  their  action  cannot  U^  ^ 
kept  within  bounds      Tn  fact,  of  all  the  metallic  caustics,  silver  nitra^^   * 
in  the    form   of  sticks    fLimar  Caustic),  and   to  a   less  extent  copp^-"* 
sulphate,  are  alone  used  to  produce  a  purely  caustic  action.     Arsfni.^^'* 
were   it  not   for   its   toxicity,   would   be   a   ver^-   useful   corrosive     I^^^^% 
action  is  so  slow  that  it  can  be  very  readily  limited.     It  was  believe^     ^T 
to   destroy  only   pathologic   formations,  leaving   healthy   tissue   imac'" 

•   J^c  =  Xc«ate. 
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This  would  be  easily  understood,  from  the  fact  that  the  former  are 
much  IciS  staple.  Sihrr  A't/ra/c  is  also  qukc  easily  controlled,  since 
its  action  may  be  ••lopped  at  once  by  washing  with  NaCl,  which  con* 
vcns  it  into  AgCl. 

{c)  lrr(UDt  Action  of  Metallic  Corrosives.— (a)  On  the  Intact 
Skin. —  The  change*  produced  by  metals  are  too  profound  to  admit  uf 
their  employment  over  large  areas,  or  for  a  long  time.  They  are  most 
extensively  used  for  local  counterirrilatioii;  for  instance,  to  cause  the 
absorption  of  inflammatory  effusions,  or  in  certain  skin  diseases.  In 
the  latter,  (licy  may  be  valuable  largely  on  account  of  their  antiseptic 
action. 

Mercury  ii*  the  strongest,  both  as  regards  the  irritant  and  antiseptic 
effects.  It  may  be  used  as  solutions  of  corrosive  sublimate  I  :  10,000 
to  I  :  1000 ;  or  as  the  black  or  yellow  wash,  (see  p.  646) ;  or  in  the  form 
of  ointments.  The  strength  of  action  of  the  olTxial  ointments  is  about 
as  follows : 

The  most  irritant  and  caustic  is  Ung.  Hydrargyri  Nilratis  (Citrine 
Ointment).  Then  comes  t'»^.  Hydrarg.  Ammomat. ;  Ung.  Hydrorg. 
Oxidi  Flavi;  Rubri;  least  irritant  is  the   Ungufnlum  Hydrargyri, 

Of  other  irritant  metallic  salts,  the  Tartar  Enwtic  is  sometimes  used 
in  the  form  of  ointment  (5  to  10%)  to  produce  pustular  eruptions. 
It  is  too  painful  to  be  popular. 

(b)  For  the  use  of  these  irritant.s  on  ulcers  and  mucous  mem- 
branes, see  Index;  their  use  as  antiseptics,  Chapter  XVH,  C. 

^  (c)  On  the  Intestinal  Canal — The  first  effects  of  the 
irritant  action  in  this  sitiiati<Mi  are  iiausru  and  vomititig. 
This  is  produced  by  all  solul)le  metallic  salts  in  large  closes. 
But  Copper  ami  Zinc  have  a  rather  specific  action,  irritating 
rhe  nerve  endings  which  give  rise  to  the  reflex  of  vomiting. 
and  thus  being  evacuated  before  they  have  lime  to  produce 
any  injury.'  The  dose  is  therefore  almost  immaterial, 
within  quite  wide  hmits. 


Vcrj*  large  doses  may  not  be  complctcKr  evacuated  and  may  then 
cause  fatal  gasim-enteritis  —  40  Gm.  of  CfuSO.  proved  fatal  on  the 
lourth  day.  The  average  emetic  dose  of  these  «aUs  is  about  i  Gm. 
<I5  grains),  dissolved  in  a  glass  of  water,  and  repeated  in  fifteen  to 
thirty  minutes  if  necessar>*.  The  effect  is  very  prompt  and  is  accom- 
panied by  very  little  nausea.  Th'jy  are  therefore  more  useful  as  pure 
emetics  than  they  are  as  nauseants.  Alum  is  also  given  in  the  same 
way  in  doses  nf  4  to  8  Gm..  but  is  not  as  quick.  Tartar  Emetic  was 
formerly  much  used  for  this  purpose.  It  causes  a  more  prolonged 
nausea  and  is  more  depressant.  Its  indications  are  consequently  more 
those  of  an  expectorant.  It  should  not  be  used  continuously  for  fear 
of  chronic  poisoning. 

Certain  irritant  metalHc  salts  do  not.  in  therapeutic 
doses,  develop  much  action  until  they  reach  the  intestine. 
Here  they  act  as  cathartics. 

The  most  useful  of  these  are  the  salts  of  mercury.  Mer- 
curous  chiorid — calomel  —  deserves  the  preference,  since 

Exercisv   30. 
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it  is  entirely  insolnlilc  in  the  stomach  and  so  avoids  the 
gastric  irritation  wliich  accompanies  the  action  of  all  solu- 
ble mctailic  salts.  Its  solution  in  the  intestine  is  due  lo  its 
forming  allmminates  which  are  soluble  in  the  mixture  of 
carbonates  and  clili^rids  uf  the  intestinal  juice.  This  is  the 
reason  why  calomel  is  less  actively  cathartic  in  sucklings 
than  in  a<hilts:  the  intestinal  canal  of  the  former  contains 
nuich  less  chlorid. 

This  solution  is  a  slow  process,  so  that  it  has  not  usually 
progressed  very  far  when  the  excess  is  removed  by  the 
catharsis.  The  dose  is  therefore  immaterial  within  rather 
wide  limits  —  from  0.005  ***  *-^  ^'"^-  '■>  *^"*^*  *^^'^"  much  larger 
doses  were  popular  with  the  old-style  physician.  These 
are,  however,  entirely  superfluous,  and  may  l^ecome  dan- 
gerous should  conditions  be  exceptionally  favoraWe  to 
solution.  This  may  occasionally  occur.'  When  larger 
doses  are  empl'tyed,  it  is  usual  to  mix  them  with  small 
amounts  of  vegetable  cathartics  to  hasten  their  evacuation. 
PodophylHn  (5  mg  =  Via  SH"*).  is  useful  for  this  purpose. 
The  Pil.  Cathart.  Comp.  of  the  U.S. P.  contains  the  calomel 
in  serviceable  form. 

Mercury  was  formerly  considered  to  stimulate  the  flow 
of  bile,     the  fallacy  of  this  has  been  discussed  on  page  643. 

However,  calomel  has  an  advantage  over  most  other 
cathartics  in  being  <listinctly  antiseptic,  without  interfering 
with  the  action  of  ferments.  Salts  of  otlier  metals  have 
also  !>een  used  as  purgatives;  thus  sulphuret  of  antimony 
(  Plummer's  Pill).  Arsenic  has  a  cathartic  action,  but  pre- 
sents too  great  danger  of  toxic  effects  from  absorption. 

(d)  On  Kidneys:  A  mild  degree  of  the  irritant  action  on 
the  renal  epithelium  —  conmion  to  all  absorbable  tnctals  — 
leads  to  a  diuresis.  This  is  utilized  in  practice  only  in  the 
case  of  calomel,  especially  in  cardiac  dropsy. 


I 


I 


Calomel  Diuresis. —  Tlic  diuretic  eflfecl  of  calomel  in  cardiac  dropsy 
i^  salt!  tn  Hrvc  l>een  well  known  tn  tlie  phy^'icians  in  the  latter  half  of 
the   eighteenth    century,   hut   it    was   forgotten,   and    practically   redis- 
covered b^f  JcndrAs«ik  in  1886.     He  found  it  effective  mainly  in  cardiac 
dropsies,   in  which   it  produced  results  far  greater  than  could  be   ob- 
tained   with    digitalis   or    caffein.     The    urine    was   often    increased    lo 
>r  8  liters  a  day.     The  absolute  amount  of  urea  and   chlorids  wa? 
H  greatly  increased.    To  obtain  the  best  effects.  0.2  Gm    was  given 
n  4  to  5  times  a  day,  until  a  flight  mercurial  stomatitis  was  pro- 
td.    If   this  did  not  prove   effective   from  the   start,   the   remedy 

Cilonael    thoutd    iwvcr  he   prescribed    with   iodid;   H   U   aUo    incontpfttible   with 
tnic    suh^tanct*.      It    is    contraindicatcd    in    nc|>hriti9^ 
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discontinued;  it  also  seems  wise  to  intermit  it  occasionally.  Ilic 
bowels  may  be  regulated  by  opium.  Jendrassik  remarks  that  the  calo- 
mel appears  relatively  or  qtiitc  ineffective  when  l!ie  heart  disease  is 
uncomplicated  by  dropsies;  it  was  also  ineffective  in  pleviriiic  exudates, 
in  nephritic  effusions,  and  in  healthy  individual?.  This  report  gave 
rise  to  extensive  trials  of  the  drug.  The  results  of  theiie  were  sum- 
marized by  Jendra±>sik  in  1891,  together  with  further  observations  and 
experiments  of  his  own.  Mis  previous  conclusions  conccrninjf  the  be^t 
method  of  administration,  and  the  usefulness  of  calomel  in  cardiac 
dropsies  seem  to  have  been  generally  confirmed,  a^  also  the  relative 
insufficiency  in  non-dropsical  heart  disease,  in  pleuritic  exudates  and 
in  normal  individuals.  It  .seemed  to  be  slightly  diuretic  in  the  latter, 
but  the  action  can  never  compare  with  that  seen  in  cardiac  dropsies. 
Il  was  often  found  effective  in  hep^ic  ascites,  but  failed  frequently. 
It  gave  good  results  in  some  cases  of  nephritic  edema,  hut  in  most 
instances  gave  no  result;  it  seemed  impO!t^ible  to  predict  what  it 
^ftpuld  do. 

^■The  theoretical  objections  to  the  use  of  so  powerful  a  renal  irritant 
TS  mercury  in  nephritis,  was  early  emphasized,  especially  by  Cohn, 
1887,  and  supported  by  some  clinical  observation.-).  It  was  claimed 
that  there  is  a  very  marked  tendency  to  mercurial  symptoms,  and  that 
the  nephritis  is  often  made  worse.  The  greater  numlwr  of  observers, 
however,  hold  the  opposite  view,  vijE.,  that  calomel  docs  not  render 
the  nephritis  worse,  whether  it  has  a  diuretic  action  or  not.  This  is 
defended  by  Jcndraissik.  and  by  Hcuck,  i88q.  Schild.  1892,  reports 
3  cases,  in  which  he  claims  that  a  diuretic  effect  was  obtained,  together 
with  a  lessened  per  cent  of  albumin  :  the  daily  output  of  proteid  being 

Ktchanged. 
Briefly,  it  seems  certain  that  the  doses  of  calomel  wliich  are  advo- 
tcd  have  never  produced  albuminuria  in  normal  individuals,  but  the 
question  of  their  effect  on  an  existing  nephritis  is  not  sufficiently  in- 
vestigated to  admit  of  a  decisive  answer.  Great  conservatism  in  its 
Iaployment  is  therefore  indicated. 
The  mechamsm  of  this  calomel  diuresis  is  not  understood,  notwith- 
irding  the  mvesligations  of  JendrAssik,  of  Cohnslein,  1892,  and  of 
tjtix-Tyrode  and  Nelson,  1903. 

Metallic  Astriagenta — 

<A)  Members. —  Of  the  metallic  salts  the  most  actively  astringent 
is  lead  acetate;  but  this,  cannot  be  used  internally,  nor  for 
any  length  of  time  externally,  on  account  nf  the  danger  of 
chronic  poisoning.  Next  in  activity  comes  alum,  and  especially 
the  burnt  alum  (alum  which  has  been  roasted,  so  as  to  deprive  it  of 
its  water  of  crystallization,  and  which  therefore  acts  not  only  as  a 
metallic  astringent,  but  mechanically  by  withdrawing  water).  Next 
to  alum,  come  the  soluble  zinc  salts,  the  sulphate,  ihe  acetate,  and  the 
wiphooarbniate.  Then,  after  these,  insoluble  zinc  salts,  oxid  and  car- 
bonate. Of  other  insoluble  metallic  salts  the  subnitrale  of  bismuth  and 
oxalate  of  cerium  are  most  commonly  used.  Then  come  the  cau'»tic 
Its  in  proper  dilution.  The  most  important  is  silver  nitrate.  Then 
iron  salts  in  dilute  solution;  iron  sulphate,  about  5%:  ferric 
lorid,  about   3%. 

[in   actual   use,   these   different   astringents   are   frequently   combined, 
lether  this  has  any  advantage  is  somewhat  difficult  to  say.     Better 
wits   could  perhaps  be   secured   by   using  only  one  astringent,  since 
action  could  be  much  more  exactly  controlled. 


686 


irritants;  corrosives. 


CH.  xxvm 


(B)  The  therapeutic  value  of  astringents  consists  in  less- 
ening of  the  phenomena  uf  clironic  infiammation,  especially 
catarrh  of  mucous  membranes.  Since  their  t»\vn  action  is 
primarily  an  irritant  one,  they  are  apt  to  increase  acute  in- 
flammations, and  are  not  so  well  adapted  to  their  treatment. 

The  manner  of  action,  and  the  general  indications  of  astringents 
are  discussed  on  page  665;  the  styptic  action,  on  page  510 

For  use  on  open  wounds,  ulcers,  abscesses,  etc..  for  the  astringcncy 
and  a  mild  nutritive  stimulation  leading  to  repair,  silver  nitrate  is  the 
most  nsi'fnJ.  Next  to  this,  the  soluble  zinc  salts;  then  alum.  They 
arc  used  in  strengths  of  from  J^%  to  5%.  The  insoluble  astringents 
may  be  used  as  dusting-powders,  or  in  the  form  of  ointments  —  5% 
to  20%.  It  must  not  be  forgotten  that  absorption  i*  fairly  free  fri»m 
open  surfaces,  and  calomel,  bismuth,  lead,  etc.,  must  be  used  with 
caution.     Zinc  oxid  is  quite  safe,  and  is  one  of  the  most  useful. 

The  mucous  membranes  which  are  easily  accessible  to  the  local 
action  of  astringents  are  those  of  the  mouth,  conjunctiva,  nose,  genito- 
urinary tract,  and  rectum,  llie  same  salts  as  in  the  case  of  open 
wounds  can  be  used,  as  also  tannin.  They  are  employed  in  some- 
what weaker  solution,  as  gargles,  washes  or  injections.  The  usual 
strength  is  from  1/2  to  1%.  For  vagina  or  rectum,  double  this;  in  the 
conjunctiva  and  nose,  perhaps  one-fourth  of  this.  The  strength,  as 
with  all  local  medication,  must  be  adjusted  to  the  anatomic  peculiarities 
of  the  surface:  It  should  be  very  different  for  the  cornea  and  for 
the  plantar  surface  of  the  foot.  In  the  case  of  the  genito-urinai? 
tract,  irritation  is  particularly  undesirable.  For  this  rca.son  non-irri* 
taiu  proteid  compounds  of  silver  have  become  popular  within  recent 
years — Nargol.  Protargol.  Argcntamin, 

Astringents  cause  actual  constriction  of  the  mucous  membraneji. 
and  may  in  this  way  bring  about  the  complete  disappearance  of  small 
polypi. 

In  the  alimentary  canal  the  astringents  are  useful  mainly 
in  lessening  the  reflexes  resulting  from  inflammation;  1.  r., 
the  vomiting  and  diarrhea. 

Against  vomiting,  especially  when  caused  by  ulceration,  the  insoluhle 
metallic  astringents,  especially  the  bismuth  subnitrate  and  the  oxalate 
of  cerium,  seem  to  be  the  most  uscfid.  These  act  not  only  in  virtue 
of  their  ast  nngcncy.  but  also  somewhat  after  the  manner  of  inert 
dusting-powder,  affording  an  artificial  protective  covering  to  the  walls 
of  the  visciis  by  adhering  to  them.  Silver  nitrate  is  also  sometimes 
i]sed  in  doses  of  about  i  centigram  i%  grain),  dissolved  in  water 
and  given  three  limes  a  day. 


Their  action  on  diarrhea  is  entirely  similar.  Bismuth  is 
again  preferred;  silver  nitrate  is  often  very  useful  in  the 
summer  diarrhea  of  infants. 


Vegetable  Astringents  (Tannins). — 

These  act  precisely  like  the  metallic  astringents;  they  ar* 
somewhat  less  irritating  and  less  stimulating.     They  are 
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used  principally  against  diarrhea;  their  employment  dates 
back  at  least  to  the  fourth  century  B.  C. 

The  nature  of  these  tannins  has  already  been  discussed  on  page  21. 
Whilst  they  all  belong  tu  the  aromatic  series  and  present  certain 
chcniic  characters  in  common,  their  similarity  is  mainly  a  pharmaco- 
logic one,  resting  on  the  astringent  action.  This  is  connected  with  a 
remarkable  properly  of  precipitating  very  many  classes  of  substances 
—  proteids,  connective  tissue,  gelatin,  as  also  many  alkaloids  and 
glucosids. 

There  arc,  however,  minor  differences  Inrtween  different  tannins, 
in  the  firmness  and  solubility  of  the  eschars  which  they  form.  These 
differences  may  eventually  prove  of  great  therai>ctitic  imporlancc,  but 
have  at  present  been  t<jo  little  worked  out  to  be  ntilizcd. 

The  tannins  arc  absorbed  to  but  a  very  small  amount,  which  is  ex- 
creted by  the  urine.  The  major  pari  is  decomposed  l>efnre  absorp- 
tion, with  the  formation  of  a  series  of  decomposition  products,  amongst 
which  gallic  and  pyrogallic  acids  are  especially  prominent.  Neither 
of  these  is  astringent,  ;*o  that  the  specific  action  of  tannin  is  a  purely 
toeat  one.  Even  the  trifle  of  tannin  which  escapes  decomposition  ex- 
ists in  the  blood  as  the  non-astringent  sodium  s;dt. 

The  effect  of  the  continued  administration  of  small  amounts  of  tan- 
ninis  has  considerable  importance,  Iwcaiise  they  are  contained  in  a 
number  of  beverages;  as  tea  and  certain  wines.  A  mild  astringent 
action  may  be  tonic  and  beneficial ;  but  larger  quantities  prove  actually 
irritant,  and  may  lead  to  gastro-cnteritis. 

Even  small  amounts  of  tannin  interfere  somewhat  with  absorption. 
This  is  largely  due  to  their  precipitating  proteids.  But  these  com- 
binations are  again  decomposed  in  the  alkaline  intestine,  so  that  the 
interference  is  not  large. 

In  the  actual  experiments  of  Biberfeld  (190J)  on  ihe  absorption  of 
normal  saline  solution  from  a  Vella  fistula,  this  wa-^  accelerated  by 
OlOI%  of  lannin ;  0.04%  bad  no  effccl  ;  o.i   to  1%  delayed  absorption. 

On  the  whole,  one  may  say  that  the  small  quantities  of  lannin  ordi- 
narily taken  with  the  food  and  drink  arc  not  injurious;  but  that  large 
quantities  (excessive  tea  drinking)  are  certainly  deleterious.  The 
tannin  of  coffee  is  scarcely  astringent,  and  therefore  lacks  this  action. 

Therapeutic  Employment — The  ordinarv  fannin  (obtained 
from  nutgall)  cat^  be  used,  in  sohiti<ni.  on  catarrlial  mucous 
membranes,  but  is  too  irritant  to  be  applied  to  open  wounds. 
Its  disagreeable  taste  and  the  gastric  irritation  which  it 
produces  in  effective  doses  also  prechide  its  internal  admin- 
istration in  diarrhea.  To  be  useful  in  this  conditii»n  it  must 
be  prevented  from  acting  until  it  reaches  the  intestine,  where 
it  should  produce  its  effects  slowly.  These  requirements 
are  fairly  well  met  by  the  f^alcnic  preparations  of  drugs 
containing  tannin:  the  gums  and  resins  which  accompany 
it  in  these  drugs  serving  tn  delay  its  action.  These  prepa- 
rations (especially  the  Tinctures  of  Gambir^  Kino  and  Kra- 


688 


irritants;  corrosives. 


CU,    XXVUI 


meria,  in  doses  of  2  to  5  c.c.  (J^  to  1  teaspoonful)  are  very 
efficient. 

Artificial  Tannin  Compounds. —  The  same  object  may  be 
attained  still  better  by  employing  certain  artihcial  tannin 
compounds,  which  are  insoluble  in  water  and  dilute  acids, 
but  sulubk  in  dilute  alkalies.  These  can  be  obtained  by 
combining  tannin  with  pnxeids  (  Tannalbtn  is  an  exsiccated 
tannin-albumen  precipitate:  Tanocol  is  a  corresponding 
gelatin  precipitate)  ;  with  hexamethylenetetramin  {'Tattno- 
pin)  :  or  by  transforming  it  into  acetyl-tannin  (  Tanmgcn), 
All  these  products  are  incompatilile  with  alkalin.  They  arc 
yellowish,  odorless  and  tasteless  powders.  Dose,  1  to  5  Gm 
('5  to  75  grains) ;  for  children,  0.3  to  1  Gm.  (5  to  15  ■ 
grains). 

Tannopin,  and  tannin-formaldehyde  {Tannoform)  cart 
also  be  used  as  astringent  dusting  powders,  for  wounds  zx^ 
in  hyp»eridrosis. 


Tlie  insolubility  of  tannin  compounds  has  l>e«i  utilized  in  s^cunnjp 
a  more  prolonged  local  iictinn  of  the  kations.  It  will  Iw  rcmnnbrtrd 
that  this  is  one  reason  for  the  more  lasting  local  effects  of  galcnio  it 
conipari'cl  with  alkaloids.  It  has  been  suggested  to  prepare  such  coo* 
binations  artificially,  but  these  have  not  yet  received  an  exioisirr 
trial. 

MATERIA   MEDICA  OF  TANNINS. 

Aeidum  Tantiicum  ( U.  S.  P..  B  V.).—  (Tannin.  CaltMannic  -^(t^ 
Digallic  .-Jtirf.)— HCi.H.O.,  Prepared  from  ntitgalls.  SoluWf  m  aju 
part  water,  i  part  glycerin.  0.23  part  alcohol.  .Mmofit  in<ioluW«  i" 
ether  or  chloroform.  Pow;  0.06  to  1.2  Gm.  (i  to  20  grains)  (OS"'"- 
—  ?'/>  grs.  U.S.  P.)." 
preparations: 

Collodium  Stvpticum    (U.  S  P.).— (30%) 

Trochisci  Acldi   TdHmVi'.— U  S.  P .   each   006   Gm    (=\  P^^^ 

Tannin;   B.  P..  each  0.03  Gm.   (=Vi  grainy   Tannin. 
Vngueiitum   Acidi   Tannici   (US.  P.). —  ^o%   in   Bent  Lara 
Glyceritutti  Acidi  Tannka  ("U.S.  P.  B  PI— 20%. 
Supt*osttoria  Acidi  Tannici  (B.  P.). —  Each  0.2  Gm.   (3  gr*"**' 
of  Tannin, 
The  tannin  compounds  are  discussed  sufficiently  in  the  text 
Acidum   Gallicum    (U.    S.    P..    B.    P.).— Gallic   Acid.— C*H,iOH»- 
CO=H  +  H,0.  .  _ 

Occurs  in  many  plants,  usually  with  tannic  acid.     Prepared  1»\ 
tannin  with  dilute  acids.     It  does  not  precipitate  alkaloid^.  alK 
glue.     Sol.  in  d>^.7  water,  4.14  ale,  12  glyc.     Dose:   ai  to  ijO  Gm    • 
15  grains)    (i  Gm.  =  15  grt.,  U.  SP.)      Externally  as  astringent  (l^*- 
but  acts  weaker  than  tannin. 

Crude    Dru£s    Containins    Tannin- — Tliese   arc    very   nnmerou^  l*" 
many  might  well  be  di.spcn«cd  with.     It  will  suffice  for  the  siTJ^Imt  P* 

*  Old  solutionc  cnse  to  prrcipltatr  ffloct.  although  they  Hill  coW  iron. 
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remcnil)er   the   following  preparations:     Tinct.   Gambir   Comp. ;  Tinct. 
Kramcrise;  Tinct.   Kino;   Ext.   H^ematoxyli. 

The   following  Use  is  arranged   alphabetically.     (Only   the  average 
(U.  S.  P.)  doses  are  given.) 

Catechu   (B.  P.). —  Ciitch  —  Extract  of  leaves  and  shoots  of  Uncaria 
Gambier.     India.    45%  catechu  lannm. 

Tinctura    (Vt   to    1 5>  ;    Trochiscus    (i   gr.)  ;   Puiv.   Catechu   Co. 
(10  to  40  grs). 
/«  the  V.  S.  P.  Catechu  has  been  refflaced  by  Gambir. 
*  Coto. —  Bark    of    unknown    plant.     Bolivia.     Cotoin,    resin.    Dose: 
0.06  10.0.6  Gm.   (l  to  10  grs.). 

Cotoin. —  Glucosid,   said  to  be  specific  in  cholera!  also  to  check 
night-sweats  in  phthisis.    0.06  to  O-ij  Gm.   (r  to  2  grs.). 
Eucalypti  Gumnii  (B.  P.). —  Red  Gum. —  Gum  from  Eucalyptus  spe- 
cies,   Myrtacca;.      Australia.      Kinotannic    Acid,    Calechin,    and    Pyro- 
catechin.     Trochiscus  Ci  gr.). 

GaUa    (U.  S.  P.,    B.  P.). —  Xutgall. —  Excrescence    on    leaves    of    the 
oak  Quercus  infcctoria,  caused  by  the  wasp  Cynips  tinctoria.     Levant. 
50  to  60%  tannin,  2  to  5%  gallic  acid.    0.5  Gm.  ^=7*^  grs. 
Tinctura    (U.  S.  P.).— 20%.    4  c.  c.  =  i5. 
ihiguentum   (U.S.  P.,  B.  P.).— JO%. 
Ung  Galia  cum  Opia  (B.  P.).— 7'/S%  opium. 
Gambir    (U.  S.  P.).— Extract    prepared    from    leaves    and    twigs    of 
Ourouparia    Gatnbir    (Rubiact'ie).     Catcclui-lannic    acid    (33    to    47%), 
catechin,  etc.     i   Gm.  =  i5  grs.     Takes  the  place  of  Catechu. 

Tinctura    Gambir    Comp.    (U.S.  P.). —  5%    Gambir,    2%    Cinna- 
mon. 4  c.  c.=  ]5. 
I  Trochisei  Gambir   (U.S.  P.). —  0,06  Gm.  =  l   gr. 

r     Geranium    (l*.  S.   P.)   —  Crauesbitl.  —  Rhizome    of    G.    maculatum 
(Geraniacex).     N.  America.     12  to  17%  tannin. 

Fiuidextr.  Geran.    (U.S.  P.).— 1    c.c.  =  15   HI. 
Herntatoxyhn    (U.S.  P.)    [Ha:uuitoxyU    Lignum,    B.  P.]. —  Logwood. 
Hearlwood     of     //.     cavtpcchianutn.    l^gumino.so;.     Central     America. 
12%  Ha-matoxylin. 

Extr.    HccmatoxyH    (U.S.  P.).—    Watei^    decoctwn,    evaporated 
to  dryness.     1   Gm.  =  15  grs. 
Hamameitdis  Poiia   (U.S.  P.   B.  P. ).— Witchhazel.— Leaves   of  Ha- 
mameiis    firginiana.     Hamamilidi,    accsc.     N.    America.     Collected     in 
autumn.    8%   tannin   <Straub»  iSijq). 

Fidexir.  Hamam.  Foliorum   (U.  S.  P.,  B.  P.).— 2  c.c.^30  ni. 
Liquor.   Tinctura,  Unguentum    (B.  P.). 
Hamamehdis   Cortex    (U.S.  P.). —  The  bark   and   twigs.    2  Gm. ^ 
30  grs. 

Aqua  Hamamelidis  (U.  S.  P.). — Watery*distillate,  to  which  15% 
of  alcohol   is  added.     Vulnerary.     (No   tannin.)     8  c.  c.  =  25. 
Kino    (U.S.  P.,   B.  P. ). —  Inspissated   juice  of   Ptcnnarpus  Marsupi- 
um,  Leguminosse.     India.    7^%   Kinotannic  acid. 

Tinctura  Kino   (U.S.  P..  B.  P.).— 4  c.c.=  i5. 
Puh.  Kino  Comp.   (B.  P.). —  g%  opium.     5  to  20  grs. 
Krameria  (U.  S.  P.)    [Kramerifp  Radix,  B.  P.].— Rhatany. —  The  root 
of  K.  triandra  (Peruvian  K.I.  K.  Ixina  (Savonilla  K.),  or  K.  argentea 
(Para  or   Brazilian  K.),   Krameriacex.     S.  America.    ao%   Krameria- 
tannic  acid. 

Extractum  K.  (U.S.  P..  B.  P.).— Dried  watery  extract.    0.5  Gm. 

=  7'^i  grs. 
Fiuidextr.  K.  (U.S.  P.).— I  c.  c,  =  15  TTl.. 
Tinct    K.   (U.S.  P.,  B.  P.).— 20%.    4c.c=i3. 

•  Not   official. 
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Syrupus  K.   (U.  S.  P.).— 45%  of  fldexi.    4  c.  c  =  i5, 
Uq.  K.  Cottci'Ht.   (B-P.).— !4  10  i5. 
Infus.  K.  (B.  P.).— !i  10  15. 

Trochiici  K.   (U.S.  P..  B.  P.).— 0.06  Gm.  =  i  gr. 
Trochisci  K.  et  Cocainac  (B.  P.). —  Vj»  RT.  cocain. 
Quercus    {V.S.F.).— White   Oak.     Bark   of    Qu.    alba.    CiipHifcr*. 
N.  America.     6  to  11%  qnercitaiinic  acid,     i   Gm.  ^15  grs. 
Piuidcxtractum    Qurrcus    (U.S.  P.). —  i    c.c.=  i5    TTt. 
Rhus  Glabra  (U.S.  P.). —  Sumach. —  Dried  fruit.     N.  America.    6  to 
27%   tannic  acid,  malalcs.     i   Gm.  =  t5  grs. 

Fluidextr.   Rhvis  Glabra:    (U.S.  P.).— I   c.c=is   TH. 
Ruhus    iV.S.  P.).—  Blackberry. —  Bark    of    rhizome    of   R.    vilhsm*, 
uigrobaccus  or  cunetfofius.  Rosaces.     N.  America.     10  to   13%  tanok 
acid. 

fluidextr.  R.  (U.  S.  P.).— i  c.c.=  is  Hl- 
Syrupus  R.    (U.  S.  P).— 25%  of  fldcxt.     4  c.c.=  i5. 
The   following  plants,  which  arc  used   in  popular  medicine,  may  ht 
classed  amongst  the  astringcius.  although  many  of  them  contain  other 
principles : 


Aegle   Mamclos — Bael   Fruit. 

Carya  —  Hickory. 

Castanea  —  Chcslnvit 

Cornus  —  Dogwood. 

Corylus  —  Hazelnut. 

Hcuchera  —  Alum    Weed. 

Juglans  —  Walnut  and   Butternut. 


Kalmia  —  Mountain  Laurel. 

Potentilla  —  Cinaucfoil. 

Rumex    (especially  cHspus) — Y'd- 

low  Dock. 
Thca  —  Tea. 
Vaccinia  —  Cranberry. 
Viola —  Pansy. 


(C)  SPECIAL  USES  OF  ASTRINGENTS. 

ANTiniARRHCKICA: 

f.   r..   Medicines  used   to  lessen   peristalsis.     The  indications  inr  Xh 
arc  to  check  diarrhea,  in  peritonitis,  and  after  abdominal  ooerations. 

Diarrhea  is  due  to  inHammatory  irritation,  the  result  of  fanlt 
digestion,  drugs,  or  bacteria  (except  in  the  case  of  a  few  fois^* 
which  stimulate  the  nerves  or  muscles  directly). 

The  etiology  therefore  indicates  treatment  by:  (1)  Removal  of 
irritant  agent,  by  purging.  (2)  Limitation  01  the  prnduction  M  ll""^f 
irritant  agent  by  antiseptics  and  by  reduction  of  diet  (to  siarft  _af 
food)  (j)  Neutralization  of  the  agent  (in  case*;  of  acid  formaix*"  "ft 
by    alkalies)  :    Chalk.    Calcium    phosphate.    Lime-water.     CharcosI  » 

often  very  efficient. 

The  /peristalsis  itself  may  be  diminished  by:  _^ 

1.  Heal,  in  the  form  of  hot  drinks  or  hot  applications  to  t:_^3e 

abdomen. 

2.  Astringents. 

3.  Drug?;  acting  upon  nerves:  Opium  or  Belladonna. 
The  diarrhea  often  results  in  considerable  weakening  of  the 
to  be  counteracted  by  reflex   ?ilimiilanls.  as  camphor,  alcohols,  etc 

The  principal  Astringents  which  are  useful  in  this  connection  af*      - 

Vegetable:  Mineral:  ^  . 

Gambir  Rhatany  Bismuth  subnitraleAluminum  hydrate  (iCb^-  '- 

Kino  Tea  "  subgallaie  

Hxmatoxylon     Claret       ZincOxid,  o.i  Alum  enemas  ]%• 

Goto  Tannin     Silver  Nitrate  (Pills), 001 

These  are  frequently  usefully  combined,  as  in  the:  ^ 

Mistura  Contra  Diarrhaam  (N.F.). — (Sun  Cholera  Mixtore.)— W     - 
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parts  of  Tincture  of  Opium,  Capsictim,  Rhubarb,  Camphor,  Pepper- 
mint. Dose,  to  one  leaspoonful.  Or;  Tr.  Opium,  Tr.  Catechu*  Tr, 
Rhubarb,  Sp.  Peppermint,  Bismuth  subnitrate,  etc. 


ASTRINGENT  STYPICS. 

All  the  metallic  satts,  the  irritant  as  well  as  the  astringent,  and  also 
the  vegetable  astringents,  act  as  local  styptics;  i.  c.  lessen  local  hem- 
orrhage. They  do  so  mainly  by  the  formation  of  precipitates  which 
occlude  the  lumen  of  the  small  vessels,  just  as  it  is  occluded  ordinarily 
by  fibrin.  (Whilst  the  majority  lessen  the  formation  of  fibrin,  this  is 
offset  by  the  precipitation.)  Besides  this  precipitation,  iliey  also 
act  by  injuring  the  vessel  walls  in  such  a  way  as  to  produce  throm- 
bosis.    This  is  claimed  especially  for  zinc  chlorid. 

Jt  is  scarcely  needful  to  mention  that  astringents  will  act  only  at  the 
place  lo  which  they  are  applied.  It  is-  necessary  that  they  come  into 
actual  contact  with  the  bleeding  vessels.  They  cannot  act  through  a  large 
dot  of  blood,  and  if  such  exists,  it  must  first  be  removed.  At  one  time 
they  were  used  internally  with  the  idea  of  produciivg  a.'^tringent  action 
in  remote  places;  iron  was  given  by  ihc  mouth  to  check  bleeding 
in  the  uterus.  This  was  ertirely  irrational.  Their  action  cannot  even 
extend  beyond  the  stomach,  since  they  arc  precipitated  or  decomposed 
m  the  intestine. 

The  indications  for  the  use  of  styptics  arc  to  lessen  bleeding,  espe- 
cially capillar)'  oozing.  They  are  sometimes  injected  into  hemorrhoids, 
and  have  even  been  injected  into  aneurysms.  Their  injection  into 
larger  vessels  is  dangerous  as  it  may  produce  embolism. 

The  most  useful  of  the  metallic  styptics  are  the  iron  salts,  especially 
the  ferric  chlorid  and  ferric  sulphate.  Tlie  ferric  chlorid  is  used  either 
as  the  solution,  or  tincture,  quite  largely  diluted  with  water.  Cotton 
may  be  steeped  in  \h\%  forming  "styptic  cotton.'"  Next  comes  alum, 
especially  the  burnt  alum.     Then  the  lannins  in  any  form. 

Besides  these,  any  substance  which  gives  a  precipitate  with  protcids 
will  act  as  a  stj*ptic  in  the  same  manner;  c.  g.,  dilute  acids  in  concen- 
trations which  need  not  be  at  all  caustic  (vinegar  and  lemon  juice). 
Quite  a  number  of  purely  mechanical  measures  favor  the  formation  of 
clot;  for  instance,  ordinary  cotton  or  Pengawhar  Djambe  (this  also 
contains  tannin).  Cobwebs  also  form  a  popular  and  very  effective 
measure  for  producing  the  same  result,  but  are  unfortunately  very 
septic.  One  may  obtain  the  same  effect  by  fine  powders  which  have  a 
strong  attraction  for  water.  !n  case  of  emergency  powdered  or  granu- 
lated sugar  is  a  good  styptic,  and  at  the  ^amc  time  antiseptic.  Other 
styptic  measures  are  position,  raising  the  limb  and  keeping  it  quiet  so 
as  lo  reduce  the  local  congestion;  local  pressure;  depression  of  the 
vasomotor  center  by  narcotics;  direct  cnnstrictinn  of  the  vessels  by 
the  application  of  cold,  or  by  drugs,  such  as  cocain,  suprarenal  extract, 
hydra'^tinin,  etc. 

Sweating  Feet;  Besides  hygienic  treatment,  the  conditions  are  met 
by: 

t.  Acids  (see  p.  677). 

^.  Astringents:  Silver  nitrate  10%,  painted  on   repeatedly  until  the 
skin   is  partly  destroyed.     Other  astringents,   i   to 
^%   solution,  Tannofnrm. 
3.  Antiseptics:    Boric  acid    (saturated   solution). 
Potass.   Permanganate    (1:1000 "I . 
Salicylic  acid  10:00  Talcum  or  Zinc  Oxid. 

*  Ferrifyrin,  a  frrnc  chlorul-tintipyrin  comiiuund,  is  claimed  to  be  lets  irritant. 
It  is  lued  a*  10  lo  20%  solution  in  water. 
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^^L.  TABLE  XIV.    STRENGTH  OF  MOST  USEFUL  SOLUTIONS  01 

^^^b                      ASTRINGENTS   AND   ANTISEPTICS/ 

^^H 

Touching 
Ulcers.  Gar- 

Urethral Ls- 

Baths  (Gm, 

PER  Bath,  aoo 

Liters  — JO 

Gal). 

^H 

gles,  Recta  u 

AND  Vaginal 

Injections. 

JECnu^^  AN'O 
EVE-WASHES. 

^^^r                 Neutral  Salts: 

^^H                 SodiiChiondum 

1% 

0.9% 

4  Kg. 

^^M                       Alkalies: 

^^H                 Sodii  Bicnrbon. 

^^H                 Sodii  Carbonas. 

0.2  to  I  % 

0.2% 

iQoGm. 

^^^H                 P  0               Car- 

100  Gm 

^^^B                      bona:* 

100  Gm. 

^^^1                     Sulth**i^' 

^^^M                Pot.  sulphurat.. 

50 10  1 50  Gm. 
30C.C.  (lot) 

^^H               AcidsC  Mineral) 

a5% 

0.5% 

^^^B                     Haloids: 

1 

^^^^^^^^^^            TnHin        

0.1  to  1% 

■ 

^^^^            Metallic  Salts: 

^^^F              Zinc      Sulphate 

^^^^H 

^^^H                     or  PhcnoUul- 

^^^^^M 

^^^^1                                    

1.5  to  1% 

0.2  lo  04% 

^^^^H 

^^^1                 Mercuric   Chlo- 

^^H 

^^m                

0.05100.1% 

0.025% 

^H 

^^H                 Liq-     P  1  u  m  b  i 
^^^1                   Subaect    Oil. 

^H 

Full  strength. 
0.5  to  5% 

Full  strength. 
0.2  to  0.5% 

^H 

^^^1                 Silver 

^^p 

^^H                 Tr.  Ferri  Chlo- 

^^B 

^^^H                                 

io%(ofTr.) 

^^^^M 

^^^P                Alumen       and 

^^^^^^1 

^^™                     Alum.   Salts.. 

'"le 

0.25% 

^^^^1 

Cupric  Sulphate 

0.5% 

^^^^^1 

Lead    Acetate. . 

1% 

0.5% 

^^^^^1 

Tannins: 

^^^^^H 

Tannic  Acid. .. 

Tt0  3% 

0.5  to  2% 

^^^H 

Miscellaneous: 

^^^^M 

Bone   Acid,   or 

^^^^M 

Borax    

4%  (sat'd) 

2%  (^i  said) 

^^^^M 

H^..    

%  to  ^i  of  Aqua 

J^  of  Aqua. 

^^^^H 

Pot.      Pcrtnan- 

^^^^^H 

gan 

I  to  2% 

0.4% 

^^^^H 

Glycerin   

20% 

10% 

^^^^H 

Phenol    

1% 

0.2% 

i^^^^^H 

Thymol,  Essen- 

^^^^H 

tial  Oils 

Saturated. 

Saturated. 

^^^^^H 

Watery. 

Watery. 

^^^^H 

.'Ukaloids: 

^^^^^^H 

Morphin   

0.3% 

^^^^H 

Hydra.'^linin  .  .. 

0.1% 

^^^^H 

Most    Alkaloids 

^^^^^1 

for  Eye 

0.5101% 

^^^H 

Baths:  Usually  taken 

in  the  evening 

before  going  to  bed.    MeulH^H 

tubs  mu5t  l)c  avoided   for  mer 

licated  baths. 

I 

'(l%  — 5    irriins   per 

ounce.)      When 

tpveral   are  combined,  the  Aem  «( ^  o 

oiuvt    be    corrutHHtdingly 

drcrcaicd. 

J 

^ 

^ 

,^1 
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^argt^s:  No  toxic  substance  should  be  used,  especially  wilh  children, 
on  account  of  the  danger  of  swallowing.     The  metallic  salts  at- 

tiack  the  teeth,  so  that  they  cannot  l>c  employed  for  a  long  time. 
etkral  Injection^:  Always  have  the  patient  urinate  just  before  in- 
jecting, to  remove  bacteria.  Let  injection  remam  at  least  one 
minute,  then  let  flow  out,  but  patient  should  not  micturate  im- 
mediately after. 
THER.\PEUTICS  OF  CAUTERIZATION. 

Cauteruation  —  the  destruction  ol  tissue  —  is  sometimes  employed 
for  severe  counter-irritation,  but  particularly  to  remove  tissue:  (1)  In 
cases  of  poiscming.  snake-bite,  etc.;  (2)  for  the  removal  of  pathologic 
tissues,  tumors,  warts,  etc.;  (3)  indolent  granulations,  etc.;  (4)  to 
eaiise  cicatricial  contraction  of  hypertrophicd  mucous  membranes  (nose, 
ttc. )  ;  (5)  for  removing  the  nerves  of  teeth;  and  (6J  to  remove  super- 
fluous hair. 

^pln  very  many  cases  the  chcmic  cautery  has  been  replaced 
Ty  galvano-  and  thermocautery,  which  are  more  prompt 
and  permit  a  more  exact  limitation  of  the  cauterized  area. 
On  the  other  hand,  the  slower  effect  of  chemic  caustics  is 
of  advantage  in  permitting  a  graduation  in  the  strength  of 
the  action,  or  in  confining  it  to  certain  tissue  elements. 
Pathologic  formations,  being  less  staple,  are  in  this  way 
more  profoundly  altered  than  normal  tissue. 

The  caustics  may  be  applied  in  solid  form  (sticks,  or 
fuse<l  at  the  end  of  a  prol>e).  in  paste,  or  in  solution  —  the 
first  being  the  most  strictly  localizable,  the  last  the  most 
diffuse.  In  the  latter  case,  or  when  the  eschar  liquefies,  the 
ounding  tissue  should  be  protected  by  court -plaster. 
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ABLE   OF   MOST    IMPORTANT   CHEMIC   CAUTERIZANTS, 
AND  THEIR  USES' 

Acidtim  Xitricum:     On  glass  rod.     Warts  and  local  tubercles, 
Acidum  Chromicum:     FuAed  on  probe  (4). 

tddum  T-ariiaim :     On  Cotton.     Tuberculous  tissue. 

kcidum  Trichloraceticum:     On  Cotton    (2).     NVarts. 
Acidum  Carbolicnm:     Destruction  of  infected  ti<;sues. 
Pofa*;sa :     Slick. 
CaU:     Paste  (6). 
Potassa  cum  Cake:     Paste. 
Soda :     Stick. 

Argetiti  Nitras:     Stick  (4.  3). 
Zma  Chloridum:     Solution   f^). 

Sulphas:     Crystal.    Ulcers  of  conjunctiva,  larynx,  etc 

idnm  Ar^enosmn:    Dental  nerve.    (2.5  mg.— V»  grain  —  in  cavitTp 
insarded  by  cotton.) 

Slodr   Mxleria  Medica  %jamim  t. 

KvailKr*  refer   to   indicslions  in  fweecdinK   parairafth. 
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CHAPTER  XXIX. 

IRRITANTS   (Continued).— ORGANIC  AND 
PHYSICAL  IRRITANTS. 


Any  substance  which  is  volatile  wili  penetrate  cells  in  virtue  of  thi* 
property.  Not  being  a  normal  constituent  of  protopIa*.m,  it  will  ifl 
as  a  "molecular  foreign  body,"  and  cause  irritation,  just  as  g^o^5  ior- 
eign  bodies  cause  irritation  when  intr(»dnced  into  the  organi&m.  Thesr 
action  may  therefore  be  looked  upon  as  physical,  and  as  connected  wild 
their  volatility 

Many  volatile  irritants  have  already  been  studied,  and  it  ii  onir 
necessary  to  review  them  by  name.  Their  main  action  is  the  sanw  a 
that  which  will  he  studied  more  in  detail  below. 

Volatile  Irritants : 

1.  Fatty  Senrs:     Alcohol.  Ether,  Chloroform.  Petroleum,  cte. 

2.  Aromatic  Scries:     Benzol.  Phenol,  the  Aromatic  Acids,  etc. 

3.  Folatile   Acids    (Acetic,    Formic,  etc)    and   VolotiU  Athtifi 

(Ammonia). 

4.  "  Organic  Volatile  Irritants.*' 

The  organic  volatile  irritants  may  be  divided  into  two  groups: 

1.  Those  acting  only  in  virtue  of  their  volatility  —  rcpresctitcd  ^ 

Turpentine. 

2,  Tliose  having  a  specific  action  —  represented  by  Mustard 

VOLATILE  OILS   (TURPENTINE  GROUP). 

Introduction —  This  group  comprises  the  majority  of  vol- 
atile oils  (see  page  23)  and  their  stereoptenes.  and  may 
also  be  made  to  include  the  balms  and  resins  which  cotiW 
volatile  oils. 

These  oils  belong  chemically  to  the  aromatic  serie?.  ^^ 
resemble  the  phenols  and  camphor  in  their  systemic  acti'in^ 
Tliey  are  also  rather  weakly  aniiscptic.  As  they  arc  0^^ 
mouly  used,  the  local  actions  alone  come  into  play.  Sinf^ 
they  do  not  unite  chemically  with  protoplasm,  whiLsl  r|'^)' 
penetrate  quickly  and  deeply  in  virtue  of  their  volatil'ty- 
they  combine  a  maximum  of  sensory  irritation  with  a  fli'"'" 
mum  of  tissue  destruction  —  the  latter  can  only  occur  m 
the  severest  grades  of  action,  as  inflammatory  nccro^i^ 
They  are  therefore  especially  useful  for  conntcr-irritati^- 
The  sensory  stimulation  is  followed  by  local  an^sthfSi^ 
The  stimulation  of  certain  sensory  nerves  is  somewhat  ^Pf* 
cific :  most  of  the  volatile  oils  have  pccidiar.  chnrnctcri^ti^ 


VOLATILE   OILS. 
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odors,  which  determines  their  use  as  Havors  (see  Chap. 
V'l  B).  Menthol  stimulates  tlie  cold-ncrvcs  in  a  peculiar 
manner.  After  their  absorption,  they  irritate  the  kiilneys. 
and  produce  diuresis.  The  volatile  oils  differ  sufficiently  in 
the  {ietaiis  uf  their  Uical  acti<jns  to  make  a  therapeutic 
grouping  desirable.  It  sh*mld  l>e  remembered,  however, 
that  the  differences  are  merely  quantitative. 

The  value  of  essentia!  oils  Cparticularly  those  enumerated  as  urinary 
antiseptics)  in  chronic  inflammfttions  nf  all  sorts  has  been  abundantly 
proved  by  clinical  observations  and  laboratory  experiments.  They  are 
much  less  useful  in  acute  iuHamuiatory  conditions.  Their  action  is 
partly  explained  by  their  aseptic  and  irritant  qualities.  But  the  fact 
that  they  also  lessen  aseptic  inflammations  at  points  remote  from  the 
site  of  their  application.  1.  e.,  through  the  blood,  shows  that  there  is 
somewhat  specific  in  their  action.  They  effect  this  result  hy  lessening 
the  formation  of  cxsudates  and  by  hastening  their  absorption.  The  ex- 
planation probably  lies  in  a  chemoiaxis,  an  attraction  for  leucocytes. 
In  this  way  they  withdraw  these  cells  from  the  inflamed  area  into  the 
blood.     (WintcmiiK,   1901). 

Systemic  Actions  of  Volatile  Oils.— The  principal  central  efTects 
of  volatile  oils  are  reflex.  VV^ith  the  ordinary  dnses.  no  direct  action 
whatever  can  be  observed.  When  they  arc  injected  intravenously,  how- 
ever, they  act  on  the  nervous  centers,  especially  the  brain  and  medulla. 
These  are  first  stimulated,  then  depressed.  Tl:e  details  have  been  but 
imperfectly  worked  out,  and  have  little  practical  importance.  The  de- 
gree of  stimulation  varies  for  the  different  oils.  Turpentine  has  scarce- 
ly any  effect,  whilst  absinthe  prodvices  violent  epileptic  convulsions, 
mainly  of  cerebral  origin.  The  depression  is  more  uniform:  The 
majority  (valerian,  fennel,  chamomile,  eucalyptus,  mint,  rosemary,  tur- 
pentine) diminish  the  reflex  excitability,  so  that  large  doses  will  en- 
tirely prevent  strychnin  convulsions  in  rabbits.  The  effective  doses 
arc,  howewr,  entirely  loo  large  to  make  it  possible  to  employ  this  ac- 
tion in  man. 

According  to  d'Ormca  (1Q03),  the  intravenous  injection  of  volatile 
oils  causes  a  peculiar  dilation  of  the  cerebral  vessels,  the  yohime  of 
the  brain  increa-ses,  whilst  the  pressure  in  the  circle  of  Willis  falls. 
This  effect  is  strongest  with  absinthe,  weak  with  anise  or  lemon.  Cam- 
phor has  a  similar  effect.  The  general  blood-pressure  also  falls  in 
most  cases,  but  quite  independently  of  the  changes  in  the  cerebral  cir- 
culation. 

If  volatile  oils  are  injected  hypodermically,  they  produce  at  first  the 
reflex  action,  and  in  a  more  marked  degree  than  when  they  are  applied 
to  the  surface  of  the  skin.  Later  their  systemic,  and  still  later  the  renal, 
action?  take  place. 

Olfactory  StlmuUnts. 

Odorous  substances  produce  pronounced  reflex  effects.  Pungent  and 
aromatic  drugs  cause  in  this  way  a  prompt  medullarv  stimulation, 
increasing  the  respiration  and  blood-pressure,  and  slowing  the  pulse. 
They  are  especially  useful  in  fainting.  They  are  employed  by  inhala- 
tion. *  Acetttm  Aromaticum  CN.F).  *  Tinctura  Aromatica  (N.F.)  and 
Tinetura  Lax-andula  Composita  (U.SP,  B.P.)  are  useful  mixtures  for 
tbis  purpose.  (TTiey  are  also  employed  for  sponging  the  skin  in  fever, 
producing  a  grateful  refrigeration.)  The  inhalation  of  other  volatile 
substances  may  be  substituted,  such  as  ammonium  carbonate  (in  the 
form  of  smelling-salt),  ether   Cas  Spiritus  Aetheris),  etc. 
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Any  pungent  substance  will  answer  in  an  emergency:  the  burning 
of  a  feather  under  the  nose  of  the  patient  is  a  standard  household 
measure. 

Substances  which  produce  sneezing  (sternutatoria  or  frrhines)  ict 
in  a  similar  manner,  but  have  rather  passed  om  of  fashion.     They  ire 
sometimes  also  useful  as  local  counterirritants  in  nasal  catarrh. 
Amongst  these  may  be  mentioned: 

Tobacco  Snuff.  Soap-bark  or  other  Saponini 

Vcratrin  1:1000  Starch.  Pepper. 

Ipecac,  Euphorbium,  etc 

Hysteric  Sedatives. 

Asafetida,  valerian,  and  some  other  allied  drugs,  have  been  found 
empirically  to  j>ossess  a  remarkable  sedative  cflFect  in  hyUcria.  The 
existence  of  this  action  can  scarcely  be  doubted,  although  it  cannot  be 
explained.  I'alcriaH,  which  has  been  investigated  most  thoroughly 
(Pouchei  and  Oievalier,  Kionka.  1904)  causes  the  usual  effects  of 
volatile  oils,  when  it  is  injected:  in  small  doses,  psychic  exaliatjon  and 
rise  of  blood  pressure  form  cardiac  and  vasomotor  stimulation ;  in 
larger  doses,  central  scnsorj'  and  motor  depression.  It  is  very  doubt- 
ful, however,  whether  these  systemic  effect?  can  be  elicited  by  the 
ordinary  doses.  It  appears  more  probable  that  the  therapeutic  action 
is  due  to  olfactory  reflexes.  It  is  at  least  remarkable  that  all  the  drugs 
which  produce  these  effects  are  malodorous  to  most  normal  individih 
als ;  and  it  is  stated  that  they  are  often  rather  grateful  in  hystena. 

MATERIA   MEDICA  OF  ANTIHYSTERICS 

Valeriana  (U.S.P.)  [I'aUriaw  Radix,  (B.P.)l.—  VaIenan- Rhi- 
zome and  roots  of  Valeriana  officinalis;  Valeriancese.  Europe  and 
Northern  .^sia ;  cultivated. 

CoHstiturnts:  Vj  to  j%  volatile  oil.  Valerianic  and  other  orguic 
acids :  Tannin  and  Resins. 

The  oil  consists  of  esters  of  valerianic  acid,  especially  with  bomw'- 
These  are  the  bearers  of  the  action;  free  valerianic  acid  and  its  salu 
being  qii't^  ineffective.  The  fresh  root  is  also  ineffective,  the  «tcfs 
being  formed  only  during  dr>'ing.  by  the  action  of  oxidases  (Kochm*M. 
1904).  The  juice  of  the  fresh  plant  also  produces  different  effect*  fro«n 
the  dried  valerian  {  Pouchet  and  Chevalier.  1905V  The  e-4crs  agJJJ 
deteriorate  by  oxidation  on  keeping.  Kionka  (igoi)  has  recomn'tn^jj" 
the  artificial  dicihylamtd  ester  of  valerianic  acid  as  a  relatively  stiWe 
substitute. 
Prcparalions: 

Fluidextr.    yaleriana    (V.S.P.).— Three-fourths    alcohol.    J  c«-' 

Tinct.  Valrr.  (U.S.P.).— 30%.    4  cc.  =  i5.  ^ 

Tint/,  yal^atttr  .-fmrnomata  (U.S.P.).— 20%.  with  Arom.  Sp  Aro* 
mon.     2cc.^3DITl.  (diluted). 

Tinct.  I'fl/.  Atnmon.    (B.P.).— </4  to  I  5. 

•  /'o/y/  (Diethylamid  of  valerianic  acid),  a  colorless  i:«.".i  ..."  f^:nW 
odor  and  burning  ta^te;  is  marketed  as  capsules  a- 
(2  grains).     It  is  recommended  as  a  substitute  for  ^ 
to  ihree  capsules  being  the  dose,  , 

Valerates  (I'aUrianaUs)  :  Of  very  little  value.  Givtn  fai  rf^'^jj 
o.ofi  to  1  Gm  (I  to  15  grs  >,  generally  in  capsules.  They  are  coJofre" 
crystals  of  a  valerianic  odor. 

*  Not    official . 
Study   Materia  Uedtca  Lesson  9. 
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Ammonii  Valcras  (U.S.P.). —  NHiOHiOa. —  Very  sol.  in  water  or 
ale.    0.5  Gm.  =  7Ji  grs. 

Zinci  I'aUras  (U.S.R,  B.P.).— ZncCHiO^),  +  2H,0.  Sol.  in  50 
water,  35  ale.    0.U5  Gm.  ^3  grs. 

*  Ac.  J'alerianicum. —  HCaHpO*.     Sol.  in  30  water,  readily  in  ale. 

AMfoetJda  (U.S.P.)  [Asafetida.  B.P.].— A  gum-rcsin  from  the  root 
of  Fenila  fcelida,  Umbelliferx.  Turkestan  ami  Afghanistan.  (Also 
used  as  carminative.)     0.25  Cm.  =4  grs. 

Constituents:  3  to  9%  Volaltlc  oil :  ao  to  30%  Gum ;  45  to  70%  Resin. 
(The  alcoholic  preparations  yield  turbid  mixtures  with  aqueous  liquids.) 

preparations: 
US.P.: 

Tinctura. —  20%.     i  c.c.  ^  15  ttt.. 

Emulsum.—  4%.  16  c.c.  =  4  5.  {Milk  of  Asafctida,  Asafetido  Mix* 
ture. ) 

Pii. —  Each^aa  Cm. ^3  grs.    Dose:    Two. 

B.P.: 

Tinct..  li  to  i5;  Pit.  Aloes  ct  Asaf..  4  to  8  grs.;  Pil,  Galbani  Comf>., 
4  to  8  grs. ;  Sf>ir.  Ainmom'ec  Fctidus,  20  to  40  tn. 

Sumbut. —  Musk-Root. —  Rhizome  and  root  of  undetermined  plant 
(generally  supposed  to  be  Ferula  Sumbul,  Umbclliferae,  Central  Asia). 
2  Gm.  =  30  grs. 

Constituents:    Volatile  Oil,   Resin?,  Valerianic  and  other  acids. 

Extractum  Sumbul  (U.S.P.). —  Fluid  ext.  evaporated  to  pilular  con- 
sistence.    0.25    Gm  =4  grs. 

Fluidextractum  Sumbul   (U.S.P-). —  Three-fourths   alcohol.     2  c.c.  = 

30  m. 

Tinctura  Sumbui  (B.P.).—  10%.  Two-thirds  alcohol  Dose:  4  to  15 
c.c.   (i  to  4  drachms). 

Moschus    (U.S.P.,    B.P.).— Musk    (see  p.    108).     This   substance   is 
'       ordinarily    employed    as    an    ingredient    of    perfumes.     Its    physiologic 
action  has  been  but  little  studied.    It  has  been   recommended  in  hys- 
teria, and  had  at  one  time  considerable  reputation   as  a  restorative  in 
<:ollapse   (5  c.c.  of  the  tincture).     It  has  fallen  into  disrepute. 

* Symplocarpur — (Skunk-cabbage.)     Root  of  Symplocarpus  fcctidus, 
I      v^rmide;e.     North  America.    Dose:  0.3  to  r  Gm. 

/  Cmtmria. — {Catnip.)      The    herb   of    the    Nepeta    Cataria,    Labiatx. 

T**orth  America.     Volatile  oil.     Dose:    i   to  4   Gm.    (*4  to   I    drachm) 

'     ^^5  infusion.    The  odor  of  the  herb  produces  remarkable  excitement  in 

'  Oleum  Erigerontis  (U.S.P.). —  The  volatile  oil  from  the  herb  Erig- 

j^-f-on  Canadensc  (ftcabane)  ;  ComposiiEc.     North  America.     Dose:  i  c.c. 
[=^='511. 

Volatile  Oils  Used  Mainly  for  Counterlrritation. 

^Vhcn  applied  to  the  skin,  the  irritant  action  of  these  oils  is  mainly 
*^"soiry  and  vascular,  progressing  only  to  rubefaction.  They  form 
valuable  ingredients  of  liniments  for  inflammatory  swellings  (hence 
^'JLiJrieraries)  and  muscular  pains  (VVitchhazcl,  Arnica)  ;  for  chronic 
tHdamatism   (Turpentine)  :  etc. 

listeria  Afedica  of  Rubefacient  Oils. 

-'^  <1  mimstration. —  As  rubefacients,  the  oils  are  diluted  with  3  to  lO 
vc»\utncs  of  alcohol  or  a  fatty  oil.  Their  dose  internally  is  0.05  to  0.3 
^■*^-    <  I  to  5  minims).    They  arc  incompatible  with  water. 
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Oleum    Tcrcbinihina    (U.S.P.,   B.P.).— (5/'irifj  of  Turbentine.) 
volatile  oil  (a  mixiurc  of  several  isomeric  hydrocarbons  of  ihc  fonnul 
CiuHu)  obtained  by  distillation  from  Turpentine.' 

Turpentine  Oil  is  insoluble  in  water,  soluble  in  3  volumes  of  alcohi 
and  in  all  proportions  of  oils. 

It  is  employed  cxtcrnoUy  in  liniments. 

It  is  used  as  a  spray  and  in  vapor  in  bronchitis  (teaspoonful  to  table- 
spoonful  for  pint  of  hot  water).  Stupe$  and  Enemata  are  useful  in 
the  meteorisM  of  typhoid  fever. 

It  is  also  sometimes  taken  internally  against  respiratory  and  urirur? 
diseases,  but  had  best  be  replaced  by  Tcrpcne.  It  gives  to  the  ufJ« 
an  odor  resembling  violets. 

As  Anthclmiiilic  it  is  given  in  doses  of  2  to  15  c.c.  (f4  to  4  dracbfc*! 

Oil  of  Turpentine  undergoes  slow  changes  on  exposure  to  the  air. 
becoming  ocomscd.    This  is  used  as  an  antidote  in  phosphorus-poiioa- 
ing   (ste  y.  657). 
Preparattans: 

Oleum  Terehinlhina  Reetificatum  (U.S.P.). —  Prefwred  by  redistiHin* 
the  oil  over  soda  to  remove  the  odorous  abiotic  acid.    Dose:  t  cx= 

Lmimentum  Terebinthime  (U.S. P.). —  One  part  OH  of  TufpOOTt 
two  of  Resin  Cerate.     (B.P..  contains  Camphor.) 

Lmimentum  Jcrebinlhince  .Aceticum  (B.P.). —  Contains  Camphor  wl 
Acetic  Acid. 

Emulsum  Oiei  TerebiHthintF  (U.S.P.).~-15% 

*  I'etroleum  {Coal  Oil)  resembles  oil  of  turpentine  in  its  local  ic- 
tions   (sec  Index). 

*  Oleum  Suceini  (Oil  of  Amber)  is  obtained  by  the  rii«iIIatioo  o( 
amber  (a  f(.>ssil  resin).  The  crude  oil  is  dark  brown,  bai  w  oak 
obtained   colorless  by  rectification. 

Oleum  Lavandula  (U.S. P.,  B.P.)  ;  from  the  fresh  flower*  of  Ij«b- 
der   (sec  Index). 

Oleum  Cajuputi  (U.S.P.). —  From  leaves  of  .t/Wn/^'Mni  LeveadeiUri'* 
Myrtacear;    East    Indian    Islands. 

Oleum  Rosmarini  (U.S.P.,  B.P.).— From  leaver  of  Rosmanws^ 
cinaiis.  Labiata! :  cultivated  in  temperate  zone. 

Arniea  (U.S. P.). —  Flowers  of  Arvica  montana.  Compojitx:  Enr^ 
Contains  a  volatile  oil,  small  quantities  of  volatile  acids,  and  m  ^^"^ 
bitter  principle.     Used  externally  as 

Tinetura  Arnic<r  Florum  (U.S.P.).— ao%.  One-half  alcohol  » «^ 
—  isni. 

-*lr«if<r  Radix  (B.P.)  is  similar  to  the  flowers  in  compowb*  "" 
action. 

Tinctura  Arniae  (B.P.). —  s%  in  three-fourths  alcohol 

Aqua  Hamamelidis  (U.S.P.V  [Liquor  Haimvnelidis.  BPl-'^^ 
ha?el  Water.  Witcli-ha/el  Extract.)     Made  by  distilling  the  froh 
of  Hamamelis  i'irginiana   (see  Index) 

Fix  liquida  and  Ol.  Jirigeron.  (see  Index)  are  also  used  it 
cienls. 


'  The   name  "  turpentine  "  is  popularly   applied   lo  the   Oleum   Teri 
refer*   more   properly   lo: 

Tfr^hinihima  (U.  S.  P.>  {Thus  Amfricanum  (11.  P.)l.  Turfemnmr  M 
oleoresin.  obtained  from  various  pinn  (Pinui,  Conifer^:  t'attca  SuRtsw' 
countries). 

TIic    solid    Amtrican    or    Virginian    Tmrpenltne    n    olrtaincd    mainly 
palu«tri&.      Canada    Balsam    (Tercbinthina    C;inaclen«i»,    l^    S.    P.,    froa   A^ 
•ainca)   and    rVnrtV  Turfentinr   (from    Larix  decidual   are  thick  and  ailfclf'*' 

Hoiim    (Retina.  U.   S.    P..   Colovhonintn)   is  the  solid   retiii  which  rbW*  ' 
the   oil    has   t>een    distilled    from    the   turpentine. 
•  Not    oflicial. 
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Volatile  Oils,  etc.,  Used  Mainly  for  Stimulation  of  Ulceri  and 
Open  Wounds. 

These  comprise  the  balsams  —  mixtures  of  resins,  volatile  oils,  and 
aromatic  (antiseptic)  acids.  They  arc  viscous  to  soHd,  and  arc  em- 
ployed as  alcoholic  solutions.  The  evaporation  leaves  a  protective  and 
siimuiant  coating  of  the  balsam. 

Balsamum  Peruvianum  (U.S.P.,  B.P.).— A  (hick  balsam,  obtained 
from  Toluiffra  Pereira,  Lcgruminosae ;  Central  America.  Sol.  in  ale. 
Dose:  internally,   1   Gm.=:i5  grs. ;  externally,  on  1ml. 

Myirha  (U.S.P..  B.P.). —  A  solid  gnm-resin  obtained  from  Co»i- 
miphora  Myrrha,  Burseracex;  Africa  and  Arabia.     0.5  Gni.  =  7!/2  grs. 

Tinctura  Myrrha  (U.S.P..  B.P.).— 20%  in  alcohol.  Externally,  di- 
luted with  5  to  10  volumes  of  water.     Internally,  i  c.c.=  15  r\- 

Myrrh  is  also  a  carminative. 

Styrax  (U.S.P..  B.P.). —  A  thick  balsam  obtained  from  Liquidambar 
orientalis.  Hamamclacccs ;  Asia  Minor.     Dose:    i  Gm.  ^15  grs. 

Brnzoinum    (U.S.P.,    B.P.). — A   solid    balsam    obtained    from   Styrax 
Brtizoin,  Slyraccac;  Sumatra,  etc.     Volatile  Oil,  Benzoic  and  Cinnamic 
Acids. 
Preparations: 

Tinctura   Bcrtsoini   (US. P.). —  20%   in  alcohol,     i   c.c.  =  i5  Tit. 

Tinctura  Rcnsoini  Composila  (U.S.P.,  B.P.). — (Friar's  Balsam.  Tur- 
lington's Balsam.)  (Mainly  used  imernally  as  carminative  and  purga- 
tive.)     Contains    Benzoin,    Storax,   Tolu,   and   Aloes.     Dose    2  c.c.  =: 

The  original  formula  wa^  more  complicated.  It  may  be  found  in  the 
National  Formulary  as 

•  Afif/ura  OUo-Balsantica  (N.F.). —  An  alcoholic  solution  of  volatile 
oils  and  Balsam  of  Peru. 

Other  measures  employed  in  the  treatment  of  Ulcers. 

The  indications  in  the  medical  treatment  of  ulcers  may  be  summar- 
ized as: 

ii.  To  stimulate  normal  growth  and  cell  division. 
2.  To  form  a  protective  covering  against  the  irri- 
tation of  the  air,  etc. 
3.  To  keep  the  surface  aseptic. 
4.  To  destroy  unhealthy  tissue. 
5.  To  lessen  pam. 
Several  objects  may   often   be  attained   by  the  same  drug.     Almost 
evety  irritant   produces   secondarily   anesthesia.     Every   irritant    which 
coaipilates  protoplasm  forms  a  protective  covering.     Almost  every  irri- 
tant u  10  some  extent  antiseptic.     But  according  as  one  nr  the  other 
actioo  predominates,  the  most   useful  of  these  drags  may  be  classilied 
as  follows : 

I  StimuUttine  and  forming  a    rather   lasting  pellicle  of  coagulated 
frutoptasm;  mildly  antiseptic: 

(•)  The   soluble  metallic   salts,   applied   with   a  brush,   in  2   to  5% 
wwion;  particularly  AgNO,  or  ZnSO.. 

[y  The  insoluble  metallic  salts  — these  also  act  as  absorbents:  Zinc 
'n.m:  bi^mmh  subnitrate  or  subgallatc;  calomel.  The  last  two  should 
*b  be  (Med  on  small  surfaces.  The  calomel  is  also  particularly  anti- 
•Joc;  it  is  osually  diluted  5  to  10  times  with  ZnO.  These  may  be 
••w  4ry.  or  in  the  form  of  ointments. 
2  ShmuJcting.  but  pellicle  not  lasting: 
ZnCU  1%  1 

Mechol  20  to  50%  V  applied  with  brush. 
^    Dfaral  2%  J 

^■"«  VeCcs  LcMoo   ^ 
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3.  Producing  a  lasting  stimulation  and  a  resinoits  firotectii't  covm%i. 
Usually  incorporated  in  dressing.     Balsams   (sec  alwvc). 

4.  Destroying  tissue:     AgNO»  slick;  CuSO.,  5%. 

5.  Antiseptic:  Any  of  the  usual  antiseptics  may  be  used  for  dcansiflj 
the  surface.  Bui  if  it  is  desired  to  keep  it  antiseptic,  a  powder- dressiag 
should  be  used,  such  as  Iodoform,  Aristol.  Boric  Add  (impaffoUe 
powder),  Calomel.     These  also  act  as  absorbents. 

Volatile  Oils  used  mainly  in  Urethritis  and  Cystitis. 

The  action  of  tliese  oils  and  resins  is  largely  antiseptic:  Xhvy  settn 
to  have  a  rather  specific  action  on  gonococci;  for  tt  has  been  ihown 
that  the  urine  from  patients  treated  with  copaiba  is  fatal  to  tlicw  l»c- 
teria,  whilst  it  is  still  a  good  culture  medium  for  other  varieties,  lYcr 
seem  to  be  superior  fur  this  purpose  to  other  urinary  antiseptics,  such 
as  urotropin.  sodium  salicylate  or  tieiizoate.  or  uva  ursi.  Thejr  V* 
mrisl   useful  in  the  later  stages  of  the   iirelhritis. 

The  drugs  of  this  group  are  always  used  by  mouth,  not  locally. 
They  cause  considerable  gastric  irritation,  which  may  be  lewencd  fc? 
giving  them  in  capsules  on  a  full  stomach.  It  is  claimed  llutt  ibt 
addition  of  pepsin  is  also  useful   in  this  connection. 

The  drugs  are  excreted  in  the  urine  for  the  most  part  in  cocnbinawiti 
with  giycuronic  acid :  the  compounds  retaining  the  antiseptic  and  ini- 
tant  action.  Since  giycuronic  acid  reduces  Fchling's  solution,  ihcy  nujf 
simulate  glycosuria.  Copaiba  and  sandalwood  are  precipitated  froni  tl« 
urine  by  acids,'  simulating  albuminuria.  The  differentiation  may  ^ 
mude  by  adding  an  excess  of  alcohol  to  the  boiled  urine:  this  difMltrt 
the  resins,  but  not  the  proteids. 

Copaiba  (U.S.P.,  B.P.)  (Balsam  of  Copaiba).— A  liquid  naiuril 
oleorcsin  from  Copaiba  LangsdorfHi  and  other  species,  Legumino« 
Brazil  and  Venezuela. 

Constituents:     Volatile  Oil,  Resin,  Copaivic  Acid. 

It  is.  not  known  which  of  these  is  most  concerned  in  the  action,  b*' 
it  is  very  likely  that  thev  all  contribute.  For  this  reason  there  ««»w 
little  ground  for  the  following  preparations.  Copaiba  is  insolublf  ^ 
water,  but  soluble  in  alcohol  or  oils.  It  has  an  miplea.*am  tiite  W" 
odor,  and  is  apt  to  irritate  the  stomach.  It  is  therefore  best  given  m 
capsules,  or  at  lea.st  on  a  full  stomach.  The  dose  is  Mo  4  cc  {%  ^ 
I  drachm),     (i  c.c.  =  i5TH.) 

It  may   be  made   into  pill.s   with    Magnesia    i^fassa  Copaibd.  94% 
Dose,  as  the  last. 
preparations: 

Oleum    Copoibit    (U.S.P..    B.P.).— Tlie    volatile    oil    dirtiOed 
copaiba.    0.5  c.c.^Sin., 

(Copaiba  is  not  a  true  balsam,  since  it  does  not  contain  rinnaisic 
benzoic  acid.) 

A  favorite  method  of  using  this  drug  in  gonorrhea  is  in  Ihr  • 
*  Mistura     Copaiba     Composita     CK.F.).— (Lafayette     A/u' 
emulsion  containing  as  active  ingredients  %  each  of  Copaiba  ami  -"■* 
Spirits  of  Niter.     Dose:  4  to  8  cc. 

Cubeba  (U.S.  P.)   \Cuheh<F  Fructus,  KP.].— The  unri^  frmioi P^t^ 
Cubeba.  Piperacea.     Java :  cultivated. 

Contains  a  volatile  oil  and  resin,  the  latter  containing  cubcbk  *^-. 

Whilst  the  oil  is  the  most  frequently  employed,  the  oleoresin  or  a^ 
extract  would  be  more  rational,  as  the  resin  is  probably  also  conctf"* 
in  the  action.  Cubeb  is  less  irritant  than  copaiba,  'flic  fluid  prep*'** 
tions  are  made  with  alcohol,  and  arc  precipitated  by  water. 
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I  r  0,3  to   r.3  ex.    (5  to  ao  min- 

|j  Oleum  Cuhehtr  (U.S.P.,  B.PJ.J      im;*)  ;  may  be  given  on  iugur 

I  Oleoresina  Cubeba  (U.S.P.),     1     or    in    caI)^ulcB.     (0.5C.C.  =8 

L^  L  m,  u.  s.  p.) 

^^ft         The  oleoresin    is   prepared   by   evaporating  an   alcoholic  extract 

^^H  If  it  shows  a  depobit,  this  should  be  rejected. 

^H  Flmdt-xtractum   Cubeba    (U-SP.)- — >    ex.  =  15    nt. 

^H  Tinctura  Cubcbft   (B.P.).— 30%.     Dote:  2  to   12  c.c.   (34  to  3 

^^^  drachms). 

^H         Trochtsci  Cubeba   (U.S.P.).— Each  contains  0.03  Gm.  of   the 

^^  oleoresin.     Dose:  l  to  6. 

OU^m  Soniali  (U.5.P..  B.P).— A  volatile  oil  distilled  from  the 
wood  of  Santalum  album,  Santalaceae.  Southern  India.  Otfje:  01  to 
o5  CjC.   (7  to  10  minims),     (as  c.c.  =  8lll.  U.S.  P.) 

Matuo  (U.S.  P.). —  The  leaves  of  Piper  angustifoHum,  Piperaceip. 
Tniptcal  America.    Contain  a  volatile  oil.  retina,  etc. 

nrndextractum  Afalico  <U.  S.  P.).— Ttirce-fourth*  alcohol;  turM 
wish  water.  Dosf:  2  to  8  ex.  (!4  to  2  drachm»).  (4  cx.^i5, 
U.S  P.) 

ValHiac  Oils  Ufcd  Mainly  as  Diuretics. 

AH  volatile  oils  irritate  ihe  kidney*  in  the  court*  of  their  excretioii, 
doccs  produce  diurcfii&;  whiUt  toxic  doftc*  cauac  itf^riSif* 
Ac  oriac   and   rendering    it    albaminotif.    TbcM:    irrilMt 
Mdd  tfacrefoce  aol  be  u«ed   in  acute  nepbrilit  and  tnflM- 
mi  Ifcc  «iuaiy  poasagcs.     All  the  volatile  oiU  have  the  diuretic 
TW  »o<t  coamoti^  nscd  arc   Juniper  and   Budm     Terpenc 
cuteba  are  al«o  employed   for  ihi%  mirpovc 
<U5.P.>  — /iwi«>rr  BfTTi//.— The  frutt  of  futUpfrtu^om' 
TesBpcrate  zooc    Aciwe  constiiu^mt:  A  volaUic  oil* 
:  wirii  Oi  of  TmpentiiiCL 
ai  iafnaiaa,  oortetikoodiu  lo  4  to  8  Gta. 

B  /■^frn  (U.S.P..  B.PX-Tlie  volatile  oil  dtftiUed  frocn  tlie 
Anr.- oli  too6cc  (210  iobmmto)  (a2cc  =  j  l|«  U^S.FJ; 
■h^  as  one  ol  die  smrits : 

iin^s  Imiffti  (U  &P^  RPJ^S^.  D^u:  2  to  4  C-C  fJ 
ct=3Dm.U5.P.). 

ivita  i^mftri  Ctmpi»miut  (U.&P.>^A  liliuitrtr  fior  Hot- 
iHid  Gtt.  A  arJiioM  of  oil  ol*  jaa^^er,  caraway*  9mA  iamd 
myt^t  aleoML    Z>«sr.'  to  15  cc  {%  omoe)    (S  c.c=a% 

<rSJ>,   &J».).— The   leares   of  B^t0§mm  hHmBmm  Md  A 
ftxsaoec:  S^tmlMiu  Africa.     O— tin  a  wiplafgr  oiL  a  gb' 

dw^   (UAP  ).— TWm  la«r*g   ■Imfcnf,    /Amt/  2 

(EPi— 5^.    Dtu 
<BPI— acflt.    T 
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Volatile  Oils  Used  Mainly  in  Diseases  off  the  Respiratory  Tract 

The  volatile  oils  act  as  stimulants  and  antiseptics  to  tlic  rcspinilOTy 
mucous  membranes.  They  are  applied  to  the  nasal  cavities  by  inlioU- 
tion  (eucalyptus),  as  sprays,  or  dissolved  in  oil,  or  as  oinlmcnls  (cv- 
calypius.  thymol,  menthol,  camphor).  They  arc  used  as  expcctoranU 
in  chronic  bronchitis.  They  may  be  applied  by  inhalation  (a  g..  tur- 
pentine, poured  on  boiling  water,  and  inhaling  the  steam  through  a 
funnel).  Others  are  taken  intenially.  exerting  their  action  in  thf 
course  of  llieir  excretion  through  the  lungs  cTcrcbene,  Terpin  Hydratt. 
Pine  Bark,  To!u,  Grindelia), 

They  are  also  employed  in  Hbritious  pneumonia  and  luberculwiv 
Turpentine  and  its  derivatives  diminish  excessive  bronchial  secretioft 
in  a  rather  specific  manner,  and  are  useful  in  certain  cases  of  coitik 
and  asthnuj.  It  is  claimed  that  they  prevent  experimental  tubtf- 
cuhsis  in  dogs,  but  they  have  not  been  shown  to  be  curative. 

0^  Terchinthina,  especially  by  inhalation.     Pine  Bark  is  also  uvd 

Tcrcbcnum  (U.S.P..  B.P.).— CH.,.  A  liquid,  obtained  by  artiim 
on  Oil  of  Turpentine  with  concentrated  H1SO4  and  distilling.  Only 
slightly  soluble  in  water,  but  dissolved  by  three  volumes  of  alcohol 
Dose:  o.^  to  i.o  c.  c.  (5  to  15  minims)  (0.5  c.c.  =  8  Tti,  U.S.P.);l)Ol 
given  on  sugar,  or  as  inhalation. 

Terffini  Hydras  Cr.S.P.).— C„Hu(OH)t  + H/>.  Colorles»  crwuli 
made  by  acting  on  oil  of  turpentine  with  alcohol  and  nitric  acid.  Sol- 
uble in  200  water.  10  alcohol.  Dose:  0.1  to  1.0  Gm.  (2  to  15  gnmj) 
(ai25  Gm.^2  grs.,  U.S. P.).  Also  sometimes  employed  as  iirinarr 
disinfectant. 

F.ucaiypius  (U.S.P.).— The  leaves  of  Eucalyptus  ghbului,  MjrrU- 
ccae.     -Australia :  cultivated. 

Contains  a  resin,  volatile  oil,  etc. 
Preparations: 

Fluidcxtractum  Eucalypti  (USP.).— Tliree-fourths  alcohol  />**'•' 
2  c.  c.  =  30  TH..     Becomes  turbid  with  water 

*  Elixir  Eucalypti  (N.F.).— I  :  8.  Dose:  8  to  is  cc.  (i  to  ■* 
drachms).  . 

The  above  Eucal>'tus  preparations  are  used  mainly  when  ihc  \oC^ 
(carminative)  cflFect  on  the  intestine  is  desired.  . 

Oleum  Eucalypti  (U.S  P..  HP.)— The  volatile  oil.  Dose:  0.310^^ 
c.c,  (5  to  30  mmims)   (o.^  c.c.  =  8  rn..  U.S.P.) ;  or  for  inhaliiion.     ^. 

Encalyiol  (U.S.P.)  (Cineol.  C,..H»0).— Constitutes  50%  of  the  •'•*• 
Colorless  liquid.     Dose:  0.3  c.c. ^5  T\.  _, 

Eucalyptus  oil   is  an  active  disinfectant,  as   well  as  a  IocaI  irriti**^ 

Oleum  Cubebo'  is  commonly  used:  sec  above;  so  also  i*  Tkym-^^ 
sec  Index. 

Galsafuum    Tolutanum    (U.S.P.»   B.P.), —  Its   preparations  are  tc"  ^ 
popular  as  vehicles  in  cough  mixtures,  etc.     It  is  a  solid  balsam.  ^ 
rived     from     Toluifcra     Balsamum,     Leguminos^e;     Venezuela,    ll 
used  as:  ^ 

Syrupus  Tolutanus  (U.S.P.,  KP.).—  Dost:  ad  libitum  (i6c.c.=4'^ 
U.S.P.). 

Tinciura  Toiutana  (U.S.P.,  B.P.).— 20%.  Dose:  2  to  4  ct  (!o  '*' 
I  drachm)    (2  c.c  =30  nj..  U.S.P.).    With  mucilage. 

Grindelia  (U.S.P.). —  The  leaves  and  flowering  tops  of  Gft'^^ 
rohusia  and  Gr.  squariosa.  Compositac:  western  North  America.  Co**' 
tains  an  amorphous  resin  (probably  the  active  principle),  sugars  P*'*' 
tcids,  tannin,  and  a  very  small  quantity  of  volatile  oil ;  no  sapotiifl  of 
alkaloid   (Power  and  Tutin.  1905). 
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^^^^^^^■^  BRONXHITIS,    ECBOLICS.  7O3 

It  is  said  to  relax  the  muscular  coats  of  ihe  bronchi  and  diminish 
the  wcre:ion  of  mucus.  Ii  is  therefore  used  in  asthma.  Us  use  in 
ivy-poisoning  is  mentioned  on  page  710. 

Fluidcxtroctum  Grindclicc  (U.S.P.).— Three-fourths  alcohol;  pre- 
cipitates with  water.     Dose:  2  c.c.  =  30  flV,  U.S.P. 

Eriodictyon  (sec  Index)  is  also  used  in  bronchitis. 

Toxic  ahd  Ecbolic  Volatile  Otis. 

All  volatile  oils  are  toxic  in  large  doses.  Direct  systemic  effects 
cannot  be  excluded  altogeiher.  but  the  phenomena  arc  due  almost 
exclusively  to  the  local  irritant  action.  The  symptoms  are  mainly 
those  of  non-perforating  gas troent iritis  (see  page  667).  Nephritis  is 
a  common  sequel.  The  extension  of  the  gastroenteritis  to  the  pelvic 
organs,  with  the  consequent  ecl'oHc  effects,  and  its  inherent  dangers, 
were  described  on  page  667,  A  mild  degree  of  this  action  may  be 
isseful  in  delayed  or  painful  monstrnuin,  such  as  follows  exposure  to 
cold,  etc.  Large  doses  uf  the  ecbolic  oils,  as  also  sassafras,  rose- 
mary, and  thymol,  cause  fatty  degeneration  of  organs  (Heffter  Lindc- 
'      mann). 

\  Sabina   (U.S.P.).— ^fltm.— The  tops  of  Juniperus  SahtHo,  Conifcnc 

■i      Temperate  cHmates.     The  active  ingredient   is  the  volatile  oil. 

Fluidexlractum     Sabinte      (U.S.?.). —  Dose:     0.3     c.c.  =  5     tn, 

^  U.S.P. 

Oii'um   SabittiT    (U.S.P.). —  The   active   volatile   oil.    Dose:   0.06 
to  0.3  c.c.^i  to  5  Til..    (0.05  c.c.^i  in,  U.S. P.). 
Tanaeeturti. —  Tansy. —  The   leaves   and    tops   of   Tanacrtutn   vulgare, 
Composite;   Europe  and   naturalized.    Dose:   J    to  4  Gm.     The  active 
j      ingredient  is  the  volatile  oil. 

}         *  OUum  Ruta.—  Oil  of  Rue.—  Vrom  Ruta  graveoUns,  Rutaceae;  Eu- 
rope and  cultivated. 

Hedeoma  (U.S.P.).— The  leaves  and  tops.  8  Gm.  =  23  (U.S.P.) 
Used  as  tea. 

Oleum  ffedeiyma'  (U.S.P.). —  Oil  of  PenHyroyal.  From  Hedeoma 
pulegiodes.  Labiatar;  North  America.  Dose:  0.06  to  o.j  c.  c.  =  1  to  5  nv. 
io.2  c.c.  =  3  m,   U.S.P). 

(It  is  the  mildest  of  these  agents,  and  is  really  more  often  tiscd  as 
a  carminative  ) 

•  Apiol  is  formed  from  oil  of  parsley  by  introducing  some  side- 
chains,  amongst  (hem  allyl.  It  is  very  toxic,  producing  paralysis  of 
the  central  ner\-ous  system  and  fatly  degeneration  of  the  liver  and 
kidneys,  besides  its  strongly  irritant  local  actions.  It  was  tried  in 
amenorrhea,  but  has  been  discarded.  Dose:  0.25  Gm.  (4  grains),  in 
cap«n!es. 

Volatile  Oils   Used  in   Dentistry. 

A  number  of  volatile  oiU  (Cloves,  Cinnamon,  Sassafras.  Gaultheria, 
Creosote,  etc.)  arc  used  in  dentistry  to  destroy  the  nerves  of  carious 
teeth   and  to  disinfect  cavities. 

Insecticides. 

Certain  volatile  oils,  or  drugs  containing  them,  are  used  to  kill  or 
repel  noxious  insects,  such  as  Mosquitoes,  Roaehes,  Flies,  etc.  "  In- 
*tcct  Powder"  (the  powdered  flowers  of  Pyrethrum  species — Persian 
Towdcr  —  and  of  CTnrysanthemum  cineraris^folium — ^  Dalmatian  Pow- 
der) :  Eucalyptus.  Menthol,  Erigeron,  Cedar,  and  Lavender  may  be 
cited.     (Roach  powders  commonly  contain  borax;  arsenic  is  efficient 

*  Not    official. 
Study  Materia  Medici  Lesson   la. 
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but  dangerous;  White  Hellebore  is  also  poisonous)  Naphlhalin  »nd 
Camphor  are  used  against  moths. 

Parasiticides  Applicable  to  the  Skin. —  Allied  to  the  cutanenu 
irritants  are  the  drugs  used  to  destroy  parasites  infesting  the  skin 
Any  antiseptic  may  be  used  for  this  purpose,  provided  it  can  be 
applied  in  oily  solution.  Against  bacterial  and  other  vegetable  vricn- 
ismj  (such  as  Trichophyton  tonsurans)  the  most  popuUr  Arc  tbf 
mercury  preparations  —  Ungucnlum  Hydrargyri  Ammoniati.  or  Ni- 
tratis.  Also  sulphur,  tar,  and  the  various  balsams.  All  these  ;ict  not 
only  by  killing  the  bacteria,  but  also  by  causing  desquamation,  retnw- 
ing  the  more  superficial  organisms  mechanically,  and  exposing  tbe 
deeper-lying  parasites  to  the  influence  of  the  drugs. 

Of  animai  parasites  of  the  skin,  Scabies,  the  "itch," — SarcoptiJ 
hominis, —  is  the  most  important.  It  is  treated  most  efficiently  will" 
sulphur.    Tar,  Balsam  of  Peru,  etc.  arc  also  used. 

Afiainst  Pediculi,  tlie  best  treatment  —  besides  cleanlineis — coniiw 
protebly  in  Unguentum  Hydrargyri.  However,  Insect  Powders,  Vert- 
trin  and  the  Sabadilla  seeds  containing  it.  Staphisagria,  and  Picrototi- 
num  are  also  used.  The  last  are  so  poisonous,  should  they  be  ab- 
sorbed, that  they  are  not  advisable. 

MUSTARD  OIL  GROUP. 

Mustard  oil  differs  from  the  other  volatile  oils  in  that  it  product! 
a  markedly  greater  irritation.  The  group  also  includes  volatile  »U 
derived  from  other  cruciferous  plants  —  horse-radish,  onion,  etc  Tht 
active  principle  of  mustard  is  iso-sulpho-cyanid  of  allyl  (CHiCNSV 
This  docs  not  exist  in  the  seed,  but  is  formed  from  wtassiTun 
myronate  (sinigrin)  in  the  presence  of  water  under  the  influence  oi 
the  ferment  myrosin. 

These  oils  are  very  diffusible,  and,  therefore,  have  a  very  dfff 
action,  without  producing  very  profound  destruction  of  the  unrfic 
Although  they  can  produce  very  violent  inflammation,  the  <«*■«* 
grades  of  action  are  so  difficult  to  control  that  they  arc  mainly  iiseW 
when  a  mild  but  deep  irritation  is  desired.  The  action  rauM  J* 
watched  very  carefully.  The  oil  is  developed  comparatively  ^lotlj' 
and  one  must  not  leave  the  mustard  in  contact  with  the  skin  on™ 
the  desired  grade  of  irritation  is  obtained,  but  remove  it  sooww''*' 
earlier. 

MATERIA  MEDICA. 

Sinapis  Alba  (U  S.  P.,  ^.Y.),— While  Mustard.^The  jeed  rf 
Brassica  alba,  Cruciferac;   Europe  and   Asia.     Cultivated.  , 

Sinapis  Nl^ra  (U.  S.  P.,  KP.) —Black  Mustard —  Tht  and  ^ 
Brassica  nigra.  Crucifcra;  Europe  and  Asia.     Cultivated. 

The  emetic  dose  of  mustard  is  8  Gm.^2  3.  in  warm  water 

The  above  contain  25%  of  bland  fixed  oil.  gimi.  etc,  the  fr*""*!! 
Myrosin,  and  the  white  mustard  Sinalbin:  the  blAck,  Siniirin  \^ 
Potassium   Myronate).    The   latter   yields,   on   the   addition  of  wi*"* 

Oleum  Sinapis  Volatile  (U.  S.  P.,  B.  P.).— (Allyl  sulpbo^ytfi^J 
8  mg.  =  %  ni,  U.  S.  P.  This  is  too  irritant  to  be  useful,  but  m»T  * 
employed  as —  .. 

Spiritus  Sinapis  (^i/FX  I  :So:  it  also  enters  into  the  tuii(|iOS«w 
of   Unimenlum   Sinapis    (B.  P.).  . 

Mustard  is.  however,  usually  employed  as  the  ground  seed  (m««t»i3 
flour).    The  most  convenient  preparation  is  — 

SladT  Materia  Medica  Lesson   la. 
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Charta  Sinapis  (U.  S.  P.,  B.'P:).^- Mustard  P/ajIrf-r— Made  from 
black  mustard  previously  exhausted  of  fixed  oil  by  Bcnzin,  made  into 
»  paste  with  a  soUiiion  of  indi.i-rubbcr.  and  spread  on  paper.  This  is 
moistened  with  luke-xvarm  wat':r,  and  applied  a  quarter  of  an  hour  to 
one  hour.  A  deeper  action  may  be  secured  by  the  Mustard  poultice, 
prepared  by  spreading  a  paste  made  with  water  and  equal  parts  of 
mustard  and  Hour  on  linen.  Mustard  is  also  used  as  an  addition  to 
hot  fooi-baihs.  being  first  made  into  a  paste  with  warm  water  ItJ 
use  as  emetic  has  been  mentioned  on  page  JI4. 

Other  Crucifcra:  contain  similar  oils,  especially  — 

Armorocia  Radix  (B.  P.)  — The  fresh  root  of  Cocbleoria  ArmoraciQ, 
Horse-radish. 

The  onion  ^  A  Ilium  Cepa;  and  Garlic  —  Allium  sativum  (l^iliaceae), 
contain  similar  oils;  the  latter,  Allyl  sulphid. 

AcroleiH.  the  irritant  vapors  arising  when  fats  are  overheated,  may 
also  be  counted  in  this  group. 

When  mustard  oil  is  heated  with  alcohol  and  ammonia,  it  loses  it» 
irritant  odor  and  is  converted  into  AUyl  sulpho-carbamid,  which,  under 
the  name  of  Thiosinamin,  has  been  advanced  as  a  cure  for  lupus.  It 
is  to  be  used  by  injecting  0.5  c  c  of  a  10%  solution  in  20  pat^s  of 
^yccrin  and  70  parts  of  water.  The  injection  need  not  be  made  at 
the  Mte  of  the  lesion.  It  is  also  said  to  lead  to  the  disappearance  of 
cicatricial  tissue.  The  clinical  reports  differ  as  to  its  value.  It  is  a 
J.  white,  crystalline  substance,  soluble  in  5  parts  of  alcohol,  dccoro- 
I      posed  by  water. 
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r  of  fixed  organic  drugs  also  act  as  local  irritants.  The 
iaporlant  of  these  h  cantharidin.  Capsicum,  euphorbia,  poison 
H7,  aad  croton  oil,  the  "  acrid  principles "  of  certain  fresh  plant*. 
cspeciiBy  of  the  family  of  Ranunculacex,  etc.,  may  be  counted  in  this 
sroopL  Tbey  owe  their  activity  to  neutral,  resinous,  or  oily  princi- 
ples^ Sone  benzol  deriTativcs  —  chr>sophanic  acid,  resorcin.  pyrogal- 
loicfc. —  have  a  similar  action,  so  also  do  some  of  the  toxins. 

•f  Cantharidin. —  Cantharidin  is  a  crystalline  principle,  the 
of  cantharidic  acid.  It  combines  readily  with  alkalies  form- 
saltSL  These  produce  the  sanve  local  and  systemic  action*. 
is  contained  in  a  number  of  insects,  especially  beetles,  A 
exists  also  in  some  caterpillars.  It  is  present  in 
even  in  the  same  specie*.  It  was  isolated  by  Robi- 
ffX  m  iSia  from  ihe  Spanish  "  Fly "  (a  beetle  —  Canlhans  or 
ya  TCttcaCorta).  It  is  contained  in  the  soft  pans,  particularly  the 
liODd.  CiiidmiJiM  is  not  used  as  such,  hut  as  preparations  made 
iRM^bedle 

aai  Excretion.— Cantharidin  is  readily  absorbed   from 
Evefi  when   applied   to    the    skin,    sufficient   may  be   ab- 
^  d>c  kidneys,   so  that   fly-blisiers   are  contraindicaled 

»  aqfcrilit.  k  is  excreted  mainly  by  xht  kidneys.  It  irritates  the 
pMNHriKitiBd  tract  eren  when  injected  h>-podcrmically  W)  that  some 
9mt  W  excreted  hj  this  channel. 

t^n^AcfiMB  «ff  Ccnlluffidtn  aod  Similar  Drugs.—  Vesicatloa. — 
^■AiBitfa  ycaetrates  the  epidermis  quite   readily,  and  produces  t>o^ 
■*  ks  HpesfiEiat  tmCatJon.     This   results  in   vesication     Venr 
for  this  p«irp*<c.     Vm  mg.    cantharidin  or   */m 
«tl  prodoce  blisters  oo   the  horoan  »kin  m  the 


of  this  grodp.   or   cmallcr 
a  sapcT&ial  aad  very  lasdnc  irrhant 
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this  way  they  form  useful  complements  to  ihc  volatile  irritants.  »hid| 
latter  produce  a  comparatively  short  action,  and  the  two  arc  very  n'** 
fully  combined.  Tincture  of  cap&icum  is  especially  valuable  for  d»»J 
purpose 

Gastroenteritis.— When  taken  by  mouth,  cantharidtf  pn>dnc*J 
vesication  of  the  lips,  violent  burning  pain,  vomiting,  diarrhea.  oA»^ 
lapse,  etc. 

Cantharidln    Nephritis.—  The    kidneys   arc    extremely   sensiriw  w 
caniharidin.     Small    duses    act    entirely    on    the    glL>meruIi.   which  are 
enormously  dilated;  numerous  leucocytes  arc  found  m   Bowman'i  op-j 
sule.     The  urine   becomes   albuminous  within   half  an  hour  after  vi^i 
cutaneous   injection.     The    smallest    doses    increase    its    amount, 
larger  doses  diminish  it.     The  epithelium  of  (he  convoluted  u 
only   aflfcclcd   by    lar.eer   doses,   and    rather   late   in    the  coiir«e 
poisoning      The   interstitial   tissue  escapes  entirely   in   the  aciilc  'iv\"%- 
ication,  and  is  but  slightly  changed  even  in  the  snhacuic  form  ^Mur* 
set.  1886). 

The  bladder  and  urethra  are  also  irritated  and  give  ri«c  reflex  to 
constant  desire  for  micturatton,  which  is  painful:  friapism.  etc 

The  nephritis  is  the  main  cause  of  death  in  cantharides  pononinj 

A  very  curious  fact' is  the  peculiar  immunity^  of  tlie  hedgfhot 
chicken,  and  duck  to  this  nephritic  action  This  is  not  tine  K'  ^if-'J' 
ences  in  the  absorption,  nor  to  destruction  of  the  poison,  fijr  '[* 
cantharidin  is  found  in  the  urine,  just  as  it  is  in  susceptible  aniiwl* 
Nor  .ire  these  animals  immune  to  other  nephritic  poisons  The  ■«»' 
munity  to  canlharides  is  also  only  partial:  even  a  single  injeclifln  of 
a  lartiv  dose  causes  chronic  nephritis.  But  taking  the  fatal  dose  f"* 
man  {y>  mg.  by  stomach)  as  the  unit,  that  for  the  SAxne  weight  c' 
hedgehog  lies  about  ,7.000.  For  the  dog  and  cat  ii  is  about  A5  {i^ 
per  kilo)  :  for  the  rabbit,  about  45. 

This  immunity  to  the  nephritic  action  does  not  confer  iirmiwiTT  ^ 
the  local  action  on  the  skin.  In  this  respect,  the  hedgehog  is  *^ 
more  susceptible  than  the  rabbit,  which  latler  animal  is  ainiMt  ij|* 
muue  to  the  cntanecus  action.  The  nephritic  action  is  le<<en««  *? 
rendering  the  urine  alkaline  (Elhnger.  igos).  In  the  rooster.  cintMP^ 
din  causes  changes  in  the  comb,  analogous  to  those  prodiicw  BT 
ergot.  ^^^ 

Central  Actions.—  When  injected  into  the  circulation,  cauthtfjff" 
affects  the  central  nmous  system  in  a  manner  similar  *o  ^jj^ 
acid:  ('.  r,  it  produces  short  stimulation,  excitement,  and  incit*** 
reflexes,   followed   by  paralytic   symptoms,  coma,  elc 

This  central  action  is  not  often  seen,  being  obscured  DT  B*"^ 
enteritis  or  nephritis. 

Therapeutic  Uses. —  Vesication, —  Cantharis   is  the  iw^ 
useful  of  the  vesicants. 

The  fresh  Raniincnlnceac.  mustard,  or  crolon  oil.  are  «ometifw;^ ;'"  j 
by   the   laity,   but   their  action   is   not  so  easily   comtroUed  a*  *-■>' 
canlharis.  ,  .  ,„^#r« 

When  the  latter  is  contraindicaled  —  r  g,  m  case?  of  ^^^^  ^^ 
of   the    urinary   passages.— it    is   usually   replaced    by   ammwu  i"^ 
or  chloroform,  which  also  produce  a  vesicant  action  if  thrpr  evir, 
lion  is  prevented,  as  by  covering  the  point  of  arpneati 
These  are  ratlier  more'  rapid  in  action,  but  much  tre)n.' 
blister,  and  arc,  therefore,  avoided,  if  possible. 
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The  vesicant  action  of  cantharides  develops  rather  slowly. 
It  usually  requires  from  five  to  ten  hours.  It  can  be  some- 
what hastene<i  by  removing  the  cantharides  plaster  after  a 
few  hours  and  applying  a  hot  poultice. 

Blisters  in  general  are  contraimiicated  in  people  of  feeble 
condition,  since  they  may  then  lead  to  ulceration.  When 
they  are  employed  for  counterirritation.  they  should  not  be 
applied  directly  over  the  inflamed  ]}art.  bvit  at  some  distance 
from  it.  They  might  otherwise  render  the  inflammation 
more  violent. 

Rubefaction, —  Small  quantities  of  cantharides.  or  the 
milder  members  of  the  group,  form  valuable  additions  to 
liniments,  plasters,  etc. 

Cantharis  is  one  of  the  most  useful  remedies  in  the  treat- 
ment of  baldness.  It  is  used  in  the  form  of  tincture,  very 
greatly  diluted  with  alcohol. 

The  best  treatment  for  alopecia  is  prophylaciic^  frequent  washing 
of  ihe  scalp  witli  soap  and  hot  water,  followed  by  cold  water.  When 
the  di*icaset!  condition  has  set  in,  there  is  fairly  good  prognosis  if 
treated  early  ^  very  poor,  if  treatment  is  begun  late.  If  due  to  syphilis, 
the  mercurials  form  the  best  treatment.  Ordinary  cases  are  treated 
by  cutaneous  irritants  or  astringents.  Besides  cantharides,  the  most 
useful  arc:  Sulphur,  rcsorcin.  clhrysarobin.  salicylic  acid,  ammoniated 
mercury,  calomel  —  all  in  5%  to  10%  ointment  or  lotion  —  and  alcohol. 
Pilocarpin  is  also  supposed  to  stimulate  the  growth  of  hair  by  increas- 
ing the  circulation  of  the  scalp.  If  there  is  an  active  inflammatory 
<;ondition,  ichthyol  or  zinc  oxid  may  prove  useful. 

Treatment  of  Impotence. —  Very  many  drugs  have  been  employed 
fdr  this  purpCie.  but  our  knowledge  concerning  them  is  still  very 
rneager  Cantharis  is  one  of  the  most  certain,  acting  through  reflex 
irritation  from  the  urethral  mucous  membrane.  \x  is,  however,  quite 
danKerous,  since  efTective  do.-^es  are  apt  to  set  up  considerable  nephri- 
tis. Many  essential  oils  act  in  the  same  manner,  and  are  at  once  less 
cJangerous  and  less  active.  Here  belong,  e.  g.,  damiana,  ginseng,  mint, 
garlic,  etc.,  and  possibly  camphor. 

Strychnin  is  thought  to  be  effective  by  raising  the  tone  of  the  spinal 
centers. 

Phosphorus  and  arsenic  enjoy  some  reputation.  If  they  arc  eflfectivc 
i*t  all.  It  must  be  through  improvement  in  the  general  condition  of  the 
patient. 

ytlcohpl.  morphin,  coimabts.  and  other  narcotics  act  as  aphrodisiacs 
by  stimulating  the  imagination      VnliiTnbin  lias  a  specific  action. 

The  best  treatment  for  impotence  consists,  of  course,  in  the  removal 
**'  the  cause  and  improvement  in  the  general  health  of  (he  patient  by 
appropriate  hygiene. 

MATERIA  MEDICA  OF  CANTHARIDES  GROUP. 

Cantharis  (U.  S.  P.,  B.  P  )  —  Cantharides,—  Spanish  Flies  —  The 
<ined  beetle.  Cantharis  i*esicatoria :  Insecta,  Coleopicra;  southern  and 
ccmral  Europe. 
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The  chief  cons  ituents  arc  a  volatile  and  fixed  oil,  cxttadtvcs.  aiJ 
Cantharidin  (0.4%  to  1%);  this  is  soluble  in  alcohol,  ether,  etc.  and 
in  oiU. 

The  dose  of  Cantharis  is  0.03  to  006  Gm.  {Vi  to  1  grain). 

Ceratum  Cantharidis  (U.S.  P.)  [Emplastrum  Canthoruiu.  B.  P]  — 
Contains  ^%,  with  fats  and  turpentine.  This,  spread  as  a  pl«icr. 
constitutes  the  Fly  Plaster.  It  requires  from  six  to  ten  hour?  !»' 
raise  a  bhster.  according  to  the  thickness  of  the  skin,  its  eottlrnt  ui 
fat,  and  probably  also  individual  susceptibility.  Since  caittharidm  if 
insoluble  in  water,  it  is  well  that  the  skin  be  rather  greasy,  bo  (»rili' 
tate  its  absorption.  The  plaster  adheres  very  poorly,  and  mu$i  o*f' 
ally  be  fixed  with  adhesive  plaster.  When  the  blister  has  appeared. 
the  plaster  should  be  carefully  removed  without  rupturing  the  vr^ici^ 
The  latter  is  then  pierced  and  dressed  with  an  ointment  Thi*  pre- 
vents further  pain,  irritation,  or  infection.  By  a  "flying  blister  '* 
meant  a  series  of  blisters  raised  along  the  course  of  a  ncr\c  bj  'i'^ 
application  of  successive  plasters.  The  Emplastrum  CaUf^cu** 
(B.  P.)    (Warming    Plaster.)    is   somewhat    weaker. 

Coilodium  Cantharidatum  (U.S.  P.)  [Colhdium  l^'esicans,  B.  Pl- 
Cantharidal  Collodion. —  60%.  May  be  used  instead  of  the  pU«ter. 
being  applied  directly  to  the  skin  until  it  forms  a  rather  thick  pelli£l« 

TiHitura  Cantharidis  (U.S.  P.,  10%:  B.  P.,  lf4%).— .Alcohol.  Mi.* 
be  used  as  an  addition  to  liniments  (in  any  proportion)  or  inienullj. 
in  dose  0.3  c.  c.  ^  5  TIT.   { U.  S.  P. ) . 

Acclum  Cantharidis   (B.  P.).— !o%   solution   in   50%   Acetic  ,Kc^ 

Liquor  F.fiispasticus   (B.  P.). —  50%  solution  in  Acetic  Ether 

Uttgufntum  Cantharidis   (B.  P. )  —  10%   in  Benzoinated  Lard 

*  Linimculum   Cantharidis    (N.  F). —  15%   in   Turpentine 
Other   Drugs  of  the  Cantharidin  Series. —  The  actiom  and  tur 

of  these  have  been  sufficiently  discussed   in  the  preceding  section 
Capsicum    (U.S.  P.)     [Cajsslci    Fructus.    B/P.]—iCawwf  Pf 

per.) —The    fruit    of   Capsicum   fasii^ialum    (U  S   P  )    [C    wi"" 

B.  P.  ]  ;    Solanacex.     Cultivated    in   tropical    conntrie'*..    The  main  c«  ^ 

stiiuenis  are:    Capsaicin  and  volalilt:  oils  and   resins,  but  iiTipe?f«^^ 

known. 

Preparations: 
Fluidextractunt    Capsici    (U.  S.  P. ).— Alcohol.      Dose:    oj05  w  *^ 

c.  c  (i  to  8  drops)   (0.05  c.  c.  ^  i  nv,  U.  S.  P.). 

Tinclura  Capsici  (U.  S.  P..  B.  P.).—  10%,     Alcohol.     Dose:  a3  »  -* 

c.c.    (5    to    60    minims)    (0.5    c.  c.=8    Hi.    U.S.  P.).    In   litwnf"**- 

I  :  15.  — 

Oleoresina  Copsict  (U.S.  P.). —  Made  with  acetone  (30  s*"^ 
V2  Rr 

Emplastrum    (U.S.  P.). 

UnguentHm  Capsici  (B.  P.). 

Mescreum  (US.  P..  B.  P.).— The  bark  of  Daphne  Mo^^ 
(Thymela-accac,  Europe  and  western  Asia).  The  active  coMttto*^ 
is  the  anhydrid  of  Mezerinic  acid.  There  is  also  a  glncosid.  dapk"" 
0.5  Gm.  =  7'-S  grs.  ^, 

Fluidcxtr actum  Meserei  (U.  S.  P.).— It  is  rarely  used.  aJ  M  •*^' 
tion  to  irritant  liniments  and  plasters. 

*  Euphorbium. —  Tlie    dried    juice   of   Fuphorbia    resinlfera  ^**^ 
of  a  gum  resin,   the  active  constituent  l>eing  the   resinouf  cttpbcn* 
The  drug  is  rarely  u.sed   (in  liniments,   10%;  pljister?.  ,\%). 

*  Pulsatilla. —  Tlic  herb  of  Anemone  Pulsatilla  and  A.  pTitt^ 
Rammculace«,   Europe.     Should   not   be   kept   over   one   year      ^'^' 

*  Not  oflBcTil. 
Study  Materia  Mcdica  L.rS9on   ti. 
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ingredient:  Anenionin.  The  dni^  is  very  irritant,  but  it  is  used 
again&t  asthma,  hemicrania,  etc.,  in  doses  of  0.1  to  0.4  Gm.  It  is 
almost  ohsolete. 

Chrysarobinum  (U.S.  P.,  B.  P.).— C«H«0:;  a  compound  of  chryso- 
phamic  acid,  obtained  from  Araroba  (.B.  P.),  Goa  powder,  found  in 
cavities  of  the  tree  Andira  Araroba,  Leguminosx.  Powerfully  irri- 
tant. Sol.  in  4^12  water,  308  alcohol,  114  ether.  A  saturated  ethereal 
solution  of  chrysarohin  is  used  in  the  treatment  of  warts.  It  is 
painted  on  daily,  the  dead  tissue  being  pared  off.  Dose:  30  mg.  =  J^ 
gr.,  U.  S.  P.  (Goa  powder  contains  50  to  80%  of  chrysarobin.  This 
can   be  converted   into  chrysophanic  acid   by  oxidization.) 

I'nguenlHm  Chrysarobini  (U.  S.  P.>.— 6%,  in  benz.  lard;  B.  P., 
4%. 

Pyrogallol,  rcsorcin,  and  salicylic  acid  are  similar  irritants.  They 
are  used   in   skin   diseases  and   as  parasiticides.     (See    Index.) 

•  Hpicarin,  a  condensation  product  of  crcsottnic  acid,  is  used  as 
parasiticide,   etc.,   like   chrysarobin,   in   about   double   the   strength. 


POISON    IVY. 

A  number  of  species  of  Rhus  ( Anacardiacesc)  produce  violent 
dermalilis  in  sensitive  individiiaU :  Rhus  vcrnix.  synon.  venenata 
(Poison  Sumach,  the  most  powerful);  Rhus  Toxicodendron  (Poisnn 
Oak);  Rhns  diversiloba  ( Poison  Ivy);  Rhus  pumila  <a  South- 
ern species)  — all  common  in  North  America ;  the  Japanese 
lacquer  tree  <Rhus  vernicjfera ).  The  common  sumach,  Rhus  glabra, 
does  not  have  this  action.  A  number  of  tropical  trees  belongmR  to 
the  same  family  also  cause  dermatilf^ — Lithrea  caustica;  Anacardium 
(active  principle,  cardol,  an  oiJy  substance)  :  Scmecarpus.  Primula, 
chrysanthemum,  arbor  vit»,  and  many  other  plants  affect  sensitive 
persons  in  the  same  manner. 

Accidental  Ivy-poisoninp  is  quite  common,  since  these  plants  are 
of  frequent  occurrence  along  the  roadside,  on  fences,  in  swamps. 
etc. 

Only  certain  individuats  seem  to  be  susceptible  to  the  poisoning, 
while  others  m,iy  handle  or  masiicaie  all  portions  of  the  plant  wiin 
absolute  impunity.  The  reason  for  this  difference  is  very  obscure, 
but  it  may  l>e  remembered  that  certain  animals  are  immune  to  canthar- 
idis.  The  tolerance  may  be  merely  relative.  In  susceptible  individ- 
uals an  extremely  small  amount  t»f  the  poisonous  principle  (*A«»  mg.) 
is  sufficient  to  cause  a  violent  dermatitis.  In  this  way  the  poisonmg 
may  be  spread  by  contagion;  i.  e..  sufficient  may  be  passed  from  the 
clothing  or  hands  of  one  person  to  another  to  cause  poisoning.  This 
is,  perhaps,  the  only  instance  of  contagion  by  a   chcmic   poison 

The  toxic  principle  was  long  believed  to  be  a  volatile  acid,  but 
later  investigations  have  shown  that  it  is  neither  an  acid  nor  volalile, 
but  a  fixed  oil   itoxicodendrol)    (Pfaff). 

The   authenticated   cases   of   poisoning   nt   a    distance,    which   would 

rm  to  speak  for  its  volatility,  can   probably  be  explained  by  the  oil 

ting  carried  by  dust,  pnlU-n.  etc.  The  tnxicodendrol  occurs  in  the 
'lacteal   vessels,  which  terminate  in  fine  hairs   (Schwalbe,    rgoj). 

The  active  pritKii>lc  is  the  same  for  all  the  species.     Tt 
has  a  considerable  latent  peri<jci,  from  one  to  nine  days, 


*Not  official. 
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usually  four  to  f\\e  days.     This  does  not  seem  to  b«  influ- 
enced by  the  dose.    The  action  consists  in  a  typical  derma- 
titis, passing  through  all  the  successive  stages,  from  hyper- 
emia with  itching,  to  vesication  and  pustulation.  — 
Taken   internally,    it    is   an   active   irritant,   exerting  its    H 


strongest  action  upon  tlie  kidneys. 

The  toxic  j)rinciple  is  destroyed  by  alkalies.  It  forms 
comparatively  insoluble  com[iounds  with  lead.  The  metWs 
of  treatment,  tlicrefore.  consist  either  in  applying  to  the  skin 
a  paste  made  with  an  alkali,  preferably  casiile  soap,  orcl>f 
a  solution  of  lead  acetate,  preferably  in  alcohol,  lo  l<>»sci» 
the  oil.  Fluid  extract  of  Grindclia  robusta,  diluted  with  i 
to  8  volumes  of  water  and  used  as  a  wash,  is  frcqiicniiy 
useful. 

The  expressed  juice  t»f  Impatiens  fulva  is  also  said  to  be 
curati\e  when  applied  to  the  skin.  Copper  and  iron  sails 
are  also  useful. 

The  very  worst  treatment  which  can  l>e  imagined  is  llic 
application  of  vasehn  or  other  ointments,  since  they  dissolve 
out  the  toxicodendrol  and  tend  to  spread  it  over  a  largC 
surface. 

OTHER   FORMS   OF   COCNTERTRRITATION    (MAINXV 
PHYSICAL. 

Any  agent  capable  of  producing  inflammatory  reaction  may  V  ^^ 
ployed   for  countcrirrilation.    These  remaining  forms  of  irritaiioo    *^ 
mainly  as  follows: 
[.  Itactcria). 

2.  Friction    (Exercise,  Mas&age).  Acupuiictiire.   Scarification. 

3.  Temperature. 

4.  Electricity. 

5.  Venesection. 

I.   Bacterial    Counterirritalion.—  This   method    i«  at   pre«enl  pi 
tically  obsolete.     Il  was   I'onncrly   .iccnmplithrd    with   sctons  — «  ^t^      ^ 
of  some  fibrous  matcrini  was  carried  through  a   fold  of  skin  ind  J^^ 
there    to    suppurate.     Mure    recently,    bacterial    countenrritatttm 
been  employed  in  the  form  of  artificial  streptococcus  infection  afi 
varions   tumi)r>. 

a.  Friction.— This  acts  partly  by  prcducing  hvpercmia.  : 
massage.  The  lK*nefit  dcrixctl  fmm  liniments  is  partly  due  \*^ 
tion   usee]   in   thi-ir  *ipf)Iicntion. 

Exercise  and    Massage. —  Although   cmmterirntaiion   rr  "^vft   '*^ 
flex   stimulation   is   only    in    5niall   pErt   responsible   for   ■  -     ' 

exercise   and   massaisc,   those   effects  Iwar  in  sornie  parl^  y 

ciently  close  resemblance  to  those  nf  coiinterirritation  to  txciT-^  '*'' 
discussion  in  this  place. 

The  Mimulating  effect  of  exerclae  m  htratth,  and  its  use  f«f  ^ 
preservation  of  this,  and  for  the  development  of  the  body.  Clc^  ^^ 
be  left    for  leM-lM>nU<   nf  physiology  and  hygiene. 


i 


^^■^  EXERCISE.    MASSAGE,     II YDRUTIIERAPY.  7I I 

It  is  applied  to  diseases  mainly  in  the  form  of  Sikcdish  Movemenf 
and  massage. 

The  Swedish  movement  consists  in  contractinR  the  muscles 
against   resistance   furnished   hy   the  operator. 

Its  advantage  over  ordinary  exercise  lies  in  the  exactness  with 
which  the  effort  may  be  regulated  and  in  the  possibilJly  of  confining 
the  work  to  particular  muscles. 

In  massage  the  patient  is  entirety  passive,  the  muscles  being  treated 
by  the  masseur  (or  masseuse). 

The  muscles  arc  put  into  a  state  of  semiflexion  and  subjected  to  a 
manipulation,  generally  in  centripetal  direction.  The  various  move- 
ments consist  in  stroking,  kneading,  friction,  percussion,  and  their 
modiBcations,  according  10  the  effect  which  it  is  intended  to  produce. 

The  results  depend  upon  counterirritation,  local  changes  in  the  cir- 
culation and  metabolism,  reflex  effects  upon  the  central  nervous  sj's- 
lem,  and  the  results  of  exercise  in  improving  the  general  nutrition. 

To  produce  the  reflex  results,  light  stroking  or  percussion  is  em- 
ployed. 

Kneading  is  more  efficient  to  relieve  local  swellings  or  edemas.  It 
is  easy  to  convince  one's  self  of  the  importance  of  this  wlien  one 
remembers  the  rapidity  with  which  the  swcllinf?  from  a  hypodermic 
injection  may  he  made  to  disappear  under  ninnipulalion.  The  venous 
circulation,  and  especially  the  lymphatic  circulation  in  muscles,  are 
influenced  very  lari^ely  by  the  nmsrular  movements,  and  are  in  this 
way  greatly  increased  by  exercise,  and   still   more  hy  massage. 

A  combination  of  all  the  movenwnts  i^  uf^ed  when  it  is  desired  to 
influence  the  general  nutrition  of  the  patient,  to  supply  general  exer- 
cise, or  to  prevent  atrophy  of  the  muscles  in  paralysis,  or  to  break  up 
adhesions,  etc. 

Acupuncture  is  the  process  of  pushing  needles  through  the  skin 
into  the  underlying  organs.  It  set.s  \ip  a  certain  amount  of  inflamma- 
tory rcnction.  This  method  of  treatment  is  much  in  favor  among 
the  Chinese      It  is  practically  obsolete  among  other  civilized  peoples. 

Scarification  is  the  process  of  making  small  incisions  witli  a  knife 
or  needles.  Irritants,  as  croton  oil,  may  be  rubbed  into  the  result- 
ing wounds,  and  the  action  of  the  drugs  will  so  be  considerably  in- 
creased. 

3,  Temperature  —  Hydrotherapy.— 

The  effects  of  baths  arc  so  largely  due  to  the  heat  or  cnUl  that 
these  may  be  included  under  the  general  heading  of  Hydrotherapy. 
The  treatment  of  disease  by  these  'means  is  really  a  very  ancient 
practice,  alternately  popular  and  neglected,  and  which  ha.s  undergone 
a  considerable  revival  in  the  nineteenth  century.  It  has  been  devel- 
oped so  extensively  as  to  constitute  a  special  branch  of  Therapeutics, 
and  its  treatise  in  detail  must  he  left  to  larger  works, 

The  effects  of  heat  and  cold  present  a  certain  amount  of  similarity, 
both  being  irritants.  They  lead  to  dermatitis  of  all  degrees,  from 
simple  temporary  h}-peremia  to  corrosion.  The  results  of  this  counier- 
irritation  are  mainly  nervous,  at  once  sedative  and  invigorating.  They 
seem  to  favor  digestion,  oxidation,  and  sleep.  They  increase  the  ex- 
cretion of  nitrogen  (except  Russian  steam-baths,  and,  in  exceptional 
cases,  tepid  sail  water  baths'). 

TTic  anplication  of  heat  acts,  of  course,  as  a  diaohorctic. 

(A)  General  EfFects  of  Cold  Baths;  i.  c.  those  hai-ing  a  tern" 
perttlurc   m-ixr  nr  hchKC  70"    F.    (2I*    C  ) 

These  prwluce  at  first  a  contraction  of  the  cutaneous  vessels  and. 
in  consequence,  a  sensation  of  chilliness.  The  resf>iratinn  is  reflexly 
increased  and   becomes  gasping.     If  the  patient   is   kept   in  the   \vater. 
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the  body-tcmpcratAire  may  be  somewhat  reduced,  especially  when 
it  is  abnormally  lugh.  In  this  case  the  fall  will  continue  for  a  Wile 
time  after  the  patient  has  left  the  bath.  As  soon  as  the  cold  »  ft- 
moved  the  cutaneous  vessels  will  often  dilate  very  rapidly,  bringin* 
an  abnormally  large  amount  of  blood  to  tlic  surface.  This  is  usually 
the  case  when  the  skin  is  vigorously  rubbed.  The  former,  the  reduc- 
tion of  temperature,  determines  the  usefulness  of  cold  baths  in  //t^' 
The  latter,  the  effect  on  the  cutaneous  vessels,  acts  as  a  tome.  The 
exercise  which  this  affords  to  these  vessels  al-so  serves  to  harden  ihc 
body  against  exposure. 

When  used  on  persons  with  feeble  circulation,  cold  baths  are  ipi 
to  do  liarm  rather  than  good. 

Where  cold  baths  are  not  practicable,  they  may  l>c  replaced  by  iold 
affusions,  cold  sponging,  or  by  the  cold  pock.  In  the  latter  the  pa- 
tient is  wrapped  in  a  wet  sheet  wrung  out  of  cold  water,  and  is  thca 
packed  in  several  blankets. 

Cold  has  the  same  effects  when  it  is  restricted  to  limited  tftML 
This  may  be  done  cither  in  the  form  of  compresses  wrung  out  ^if 
cold  water  or  by  means  of  the  ice-bag.  These  not  only  jccm  to  ^ 
useful  counterirritants.  but  also  appear  t<t  lessen  tttfJmtnniUiort  dirtctij 
by  producing  constriction  of  the  vessels.  Coid  footbaths  art  wf? 
efficient  in  checking  the  menstrual  How.  Cracked  ice  taken  U>*  tfc« 
mouth  is  one  of  the  most  efficient  means  of  relieving  vomiting  -^ 
more  intense  cold  and  artificial  freezing  of  the  tissues  are  empkjyw)  *• 
local  anesthetics. 

(B^  Heat  may  be  applied  either  dry  or  moist. 

1.  Sun  Bath. —  The  direct  rays  of  the  sun  produce  an  Ktn* 
hyperemia  of  the  cutaneous  vessels  and  may  lead  to  dermatitis  Siti|- 
ilarly  the  X-rays,  which  have  found  therapeutic  application  for  A* 
purpose. 

They  produce  all  grades  of  dermatitis  according  to  the  time  dutinl 
which  they  are  applied  and  to  the  susceptibility  of  the  individual 

Sunlight  exerts  a  very  conspicuous  tonic  effect.  This  i*  indeed  i* 
great  part  psychic;  but  the  oxidizing  power  is  greater  in  stmlight  tl*'' 
in  the  dark,  even  in  the  case  of  excised  tissues.  ,     » 

2.  When  it  is  desired  to  have  the  action  of  heat  confined  to  Ittnit** 
areas,  this  is  usually  accomplished  by  hot-uvter  bags  or  po«Ukefr- 

The    peculiar    advantage    "f   the   poultice   lies   in    its    appUini;   ^' 
without   changing   the   natural    moisture   of   the   skin.     The  oiiy 
of  the   poultice   will   neither   macerate   the    epidermis   nor  allow 
lose   water.    The  oil   also  aids   in   retaining  the   hear  of  the 
so    that    its    action    extends    more    deeply    than    by    any    other 


and  with  less  tnjur>*  to  the  superficial  layers.     A  poultice 
ful,  must  be  very  hot,  so  hot  that   it  needs  to  be  sep;i 
skin  by  a  few  layers  of  flannel.     (For  methods  of  prep; 
sec  p.  71  ) 

3.  A  somewhat  similar  result  can  be  attained  by  w*et 
covered   by   india-rubber   or   gutta-percha,   to  prevent   cvftporation 
this  way  the  body  is  made  to  furnish  the  heat 

4.  When   the  application  of  dry   beat   i«.   intended  to  t*  more  g«^ 
eral,  it  may  be  used  in  the  form  of  the  hot-air  bath. 

This   is   one   of   the   most   efficient   diaphoretic   measure*.    The  *J^ 
plest    form    of   application   is   to  cover   the   patient   with  an  *^^^^*^^ 
supply  of  blankets  in  a  hot  room.    Other  forms  are  the  Turki$h  ^ff'J 
or  the  patient  may  be  seated  on  a  chair,  enveloped   i«  a  blaiJt***  «** 
an  alcoholic  lamp  placed  under  the  seat  of  the  choir. 

The  application  of  rery  hot  dry  air  to  joints  has  lieen  (num!  ^ 
useful  in  chronic  rheumatism.  It  requires  special  appantui  arwl  * 
periencc. 
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5.  The  application  of  intense  heat  leads  to  cautery.  According 
to  the  apparatus  used,  this  is  spoken  of  as  thermocautery  or  galvano- 
cautfry. 

A  somewhat  ancient  fonn  of  producing  a  deep  but  very  powerful 
and  painful  counterirritation  is  by  placing  an  ignited  mo.ra,  a  small 
cone  of  inflammable  material,  on  the  skin. 

Moist   Heat.— General  Warm   Baths. 

The  results  of  baths  will  vary  with  their  temperature.  H''arm 
baths  are  those  with  temperatures  ranging  from  36'  to  29'  C.  (97* 
to  85°  F.).     Hot  baths  arc  above  this  temperature. 

Tlic  zcarm  baths  are  used  mainly  to  lessen  internal  congestion.  By 
dilating  the  cutaneous  vessels  they  bring  more  blood  to  the  surface, 
and  so  may  even  reduce  the  temperature.  :ind  mny  be  employed  in 
fevers.  By  drawing  blood  from  the  braiii  ilicy  are  useful  in  insom- 
nia, etc.  Hot  baths  may  lead  to  an  actual  rise  in  the  temperature  of 
the  body  if  they  are  sufficiently  prolonged.  They  are  only  used  to 
produce  diaphoresis. 

Baths  may  be  rendered  more  specific  in  their  action  an  the  skin  by 
the  addition  of  various  medicinal  agents,   forming   Medicated   Baths. 

Satt.  especially  sea  salt,  in  the  proportion  uf  2%  to  4%,  increases 
the  counterirritation.  .'^cid  baths  are  used  when  a  more  intense  action 
is  desired,  with  the  minimum  effect  on  the  epithelium.  Alkaline  and 
sulphur  baths  are  useful  in  certain  skin  diseases  in  which  the  epithe- 
lium is  thickened.  They  are  also  employed  in  rheumatism,  where 
their  effect  must  be  reflex.  General  mustard  baths  were  formerly 
used  to  quicken  the  appearance  of  the  eruption  in  exanthemata.  They 
are  at  present  very  little  employed.  They  were  prepared  by  addmg 
mustard  to  water  in  the  proportion  of  about  li  to  r  teaspoonful  to  a 
gallon.  The  patient  is  left  in  this  balh  only  until  he  feels  the  first 
burning  in  the  skin. 

Local  baths  are  sometimes  employed  for  the  relief  of  pain  or  to 
change  the  hlnod  supply  of  a  part.  This  may  generally  he  accom- 
plished mnre  effectually  by  poultices  or  hot-water  hags.  An  exception 
are  hot  foot-baths.  These  cause  a  vasomotor  dilatation  not  only  in 
the  feet,  but  also  in  the  whole  splanchnic  area.  They  are  therefore 
useful  to  restore  the  menstrual  flow.  Tbey  also  lessen  congestion  in 
the  lungs. 

The  eflFects  of  Russian  or  steam-baths  arc  very  similar  to  hot-water 
hath4. 

Tlie  Kncip  cure,  consisting  in  walking  through  wet  grass  with  bare 
feet,  is  essentially  a  cold  foot-bath. 

4.  Electricity. — 

The  use  of  electricity  in  the  diagnosis  and  therapeutics  of  diseases 
of  the  peripheral  nert'cs  has  become  so  complicated  as  to  be  beyond 
the  limits  of  this  treatise.  Briefly,  the  indications  for  its  use  are  to 
produce  irritation  or  counterirritation.  or  to  prevent  atrophy  of  mus- 
cles. The  counterirritation  is  especially  valuable  in  chronic  rheu- 
matism. It  is  employed  here  in  the  form  of  ihe  faradic  current  It  is 
^Iso  said  to  be  a  useful  irritant  in  alopecia,  when  it  is  applied  in  the 
form  of  brush  electrodes. 

6.  Venesection.  Cupping,  and  Leeclies.^ — 

The  effect*-  of  these  ahn  consist  in  the  change  in  the  distribution  of 
Ihc  blood.     They  are  therefore  analogous  to  cnunterirritation. 

^  Let  cites  tHiruHo)  are  applied  hy  holding  them  to  the  skin,  which  has  been 
moistened   wiUi   milk.    They  fix   themselves,   make  a  iiecnliar   trlradiate  cut   witik 
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It  has  already  been  pointed  ottt  that  the  effect  of  subcutanco* 
and  tmravenous  injection  of  normal  sail  soiutions  is  somewhat  ni  \V 
nature  of  a  countcrirritation,  by  chcmic  slimulation  of  the  va^uls 
endothelium 

6.  Cathode  Rays  and   Radioactive   Metals. — 

(Radiuni,  nraimini,   barium,  tliuriiim,  bismuth,  etc.). 

Tlie  rays   emitted   from   these  metals,  and   the  cathode   rays,   appea 
to  act  in  an  identical  manner.    They  are  destructively  irriunt.     "Pic; 
lead    to    pronounced    degenerative    lesions    of    the    ikin  —  Hrrmati 
deep  and  sUwly  heahng  ulcers  —  and  in  superficially  seated  pathol 
tissues  (cpilhelionia,  lupus,  etc.). 

The  skin  lesions  arc  produced  by  active  preparations  after  an  ex 
posure  of  5  to  JO  minutes,  but  a  latent  peri«j4  of  some  days  or  weckr 
elapses  before  the  changes  become  noticeable  Similar,  but  roucl 
milder,  changes  are  produced  in  exposed  inttcnus  mrmhront*s  (  Rehu^g=*^ 
1904).  The  effects  on  other  exposed  tissues  are  also  similar  bii^^ 
milder  (Schwarz,  1903).  They  arc  always  preceded  by  a  latent  periodEi:: 
Bouchard     ( 1904 )    saw    marked    pulnmnvry   congestion    fnllnwing    th»       j 

inhalation.    Small  animals  die  with   convulsions  and   coma   when   ^^  

posed    (e.   g..   Bogrow,    1903).     Most    tntxriebrate  animals   arc   rapidl 
killed    (Willcock,   1904);   bacteria  arc  scarcely  affected    f  Beurrcn  an*        c 
Zinser,  1903:  Prcscott,  1904). 

The  effect  on  e$nifryos  is  more  powerful;  it  arrests  developmci— =a« 
or  causes  deformities  of  the  larva?  of  ascaris,  5ca  urchms.  frogi,  t'»ad  — r 
etc.  (Bohn.  Bogrow,  1903:  Perthes.  1904).  It  also  causes  atrophy  <  >i 
the  ovary  of  mammals  (Rabbit;  Halberstaedter.  1905)(  and  seems  ^r-  -j 
produce  sterility,  at  least   temporarily,  in   males. 

The  effect  on   oi'a  has  been   studied  by  G.   Schwarr    (1903)   on  tl    .^r 
chicken  egg.     Tlie  principle  effect  is  on  the  yolk,  which  becnme?  di  — ^- 
colorcd,    and    acquires    the    taste    and    odor    of   decomposing    Iccithi     -an 
He  shows  that   the  changes   are   not  due   to  heat;  and   is   incJtn^l    -^■" 
attribute    the    physiologic    effects   of    radium    to   changes    in    the  ti5»^fc__je 
lecithin.     As   an    extension  of  this   theory,   Werner    (1905)    claim*      ~^o 
produce  the  typical  radium  skin-chances  by  the  subcutaneous  inj cciim^ — -^ 
of   lecithin    which    lias    been    prrviously    decomposed    by    exposuie        "^^ 
radium    or    Roentgen    rays.    This    statement    needs    further   confim^  -a 
tion.     Radium  is  capable  of  inducing  powerful  chemic  changes,  *bi   -^^^ 
might  explain  its  actions.     Henri  and  Mayer  (1904^   have  also  iIk»»^»i 
that    it    precipitates    positively    charged    colloids,   so    that    we   may      "■* 
dealing  with  an  electron  effect. 

RadiotUcrapy  is  still  experimental.  It  is  being  tried  for  the  n 
teriiration  of  lupus  and  other  superficial  malignant  tumors.  a»»d 
milder  grades  for  countcrirritation  in  neuralgia,  etc.  The  action 
confined  to  the  surface. 

The  intravenous  injection  of  radium  sails  causes  circnUt'  '^ 
closely  resembling  those  of  barium,  and  perhaps  due  to  thi^ 
tion    ( Burton-Opitr  and   Meyer).    The   mctalxOi'itn   i*   <carr' 
(Berg   and    Welker).       All   organs   show    radio-ictivily.   e>v 
blood    (Meyer). 

FlHorescent    Substances. —  V.   Tappeincr   and    Raab    Ogojl^ 
found  the   fluorescent   substances  are  very   destructive  r^   -"   ^  ' 
life,  and  also  to  ferments  and  toxins;  but  that  the  rtT 
in  the  presence  of  the  specific  light  rays  which  induce  i^ 


their  mouth,  and  draw  about  5  to  7  c.  c  of  blmwi     Thji  quantity  mi; 


incrraKd    by    Bpiilyinit    hut    fomentation*    after    rnnoving    tlic   anUn« 
pOM  can   usually  be  belter  served  by  cuppiflS. 
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RESUME  OF  THERAPEUTICS  OF  SKIN  IRRITANTS. 

I.  Therapeutic  Classification, —  These  irritants  may  be  divided. 
according  to  the  extent  and  manner  of  their  action,  into  the  following 
classes : 

/  Extensive  and  superficial,  u'itfwui  injury  to  the  epidermis:  baths, 
especially   salt-walcr   baths. 

J.  Extensive  atid  superficial,  -with  softening  of  the  epidermis:  sul- 
phur and  alkali   baths. 

J.  Local,  deep,  nulrttive:  iodin.  etc. 

4.  Local,  supetHctal.  mttrilive:   metallic  salts,  etc. 

5.  Local,  superficial,  sensory,  brief:  volatile  oils,  turpentine,  chloro- 
form, aconite,  etc. 

6.  Local,  deep,  sensory,  lasting:  capsicum,  caustics  (used  only  in 
veterinary   practice);    vesicants:    cantharides,   ammonia,  chloroform. 

II.  The  indications  for  skin  irritants  may  be  summarised  as  fol- 
Iow^ : 

1.  In  skill  diseases. 

2.  To  produce  diaphoresis. 

3.  To  reficxly  affect  the  central  nervous  system,  especially  the  me- 
dulla.    Tlie  volatile  irritants  are  here  the  most  useful. 

4.  As  countcrirritants : 

(a)  To  change  the  distribution  of  the  hinod  and  thereby  diminish 
deep  chronic  inflammation. 

<fr)  In  a  similar  nianier  to  remove  inflammatory  exsudates  from 
the  conneciite  tissue. 

(c)  To  diminish  pain. 

(d)  As  a  Um\c  ko  the  whole  Imdy. 

III.  Explanatory. —  i.  For  their  use  in  skin  diseases,  see  Chapter 
XXXI,  H. 

a.  For  Urc  as  diitphoretics.  sec  page  283. 

3.  As  reflex  irritants  of  the  central  nervous  system: 

To  make  this  subject  clear  it  will  suffice  to  recall  the  effects  of 
stimulation  of  the  centra!  end  of  the  sciatic  nerve.  A  mwlerate  stim- 
ulation of  this  kind  produces,  retlcxly,  a  slowing  of  the  heart  through 
stimulation  of  the  vagus  center:  a  rise  of  blood  pressure  through 
vasomotor  stimulation;  and  increased  respiration  through  stimulation 
of  the  respiratory  center.  A  much  stronger  stimulation  may  have 
precisely  the  opposite  effect;  i.  e,  depress  these  centers. 

Counterirritants  produce  analogous   phenomena : 

Milder  degrees  of  this  action  are  useful  in  resuscitating  patients 
from  iyncope  or  from  profound  anesthesia.  The  quickest  effect  may 
be  obtained  cither  by  giving  the  irritant  hypodcnnically.  or  by  inhal- 
ing a  volatile  irritant,  in  which  case  it  acts  thrangb  the  trigeminal 
One  may  also  employ  electricity,  nr  heal  or  cttid  applied  to  the  skin. 

4.  (a*)  atid  (b)  To  affect  the  distribution  of  blood:  Local  changes 
ill  the  circulation  at  points  rcmol*-  frrnn  the  -.e;it  ot  application  of  the 
irritant,  arise  cither  directly  tlimiigh  conttninty  with  the  seat  of  irri- 
tation, or  through  retlexes  By  coiitiniiity.  an  increased  vascularily 
of  ihc  skin  may  influence  the  circuinlion  in  neighboring  organs  in  two 
opposite  ways:  It  either  causes  liypcremia  of  the  organs  simulta- 
neously with  its  nu  n  Itvperemia.  or  it  may  draw  blood  from  these 
organs  and   thus  cause  them  lo  l>ecome  anemic 

We  see  a  hyperemia  of  this  kind  in  the  case  of  the  pelvic  organs 
%vhen  the  intestinal  canal  is  irritated,  whereas  this  same  irritation 
caufte-*  an  anemia  of  the  cerebral  organs. 

Reflexly.  changes  in  the  caliber  of  vessels  of  cutaneous  areas  may 
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affect  the  vascularity  of  organs  at  a  distance,  through  the  vasomoiaf 
centers ;  e.  g.,  hot  and  cold  foot-baths  will  react  upon  the  drculaiioci 
within  the  pelvic  organs. 

To  afTect  the  vascularity  of  the  skin,  deqily  acting  and  lastii 
stimulation  will  be  required,  as  also  for  the  removal  of  inf)amniatoi 
products. 

4   (c).  To  diminish  p«in:    It  has  long  been   known  that  the  api 
plication  of  heat  or  ccunterirritants  in  certain  limited  superficial  ^iiua-^ 


ion 


Phthisis. 
Pericarditis    or    pleurii>. 

Flying  blistrr  or  sinS' 
pism,  in  pleurisy  or 
pneumonia. 

VamiUof;. 


Chronic  thickening 
after  perityphlitis. 


Acute  rbeuraatisni 


Laryn(iti«,  byMcric 
ai>honia. 

PericarditU. 


Ovarian  Irritacioo. 


Coui 


Fig.  93. —  Diagram  of   the   hotly   shewing   some   of    the   pointa    where  blim* 
BJnapisras  ore   usually   applied.     Front   view.— (fir wnrcn.) 

tion<i    modifies    painful    impressions    and    inflammatory    procewes 
internal  organs. 

These  observations  were  entirely  empirical,  but   some  light  ha?  r 
ccntly   been    thrown    on   this   subject   by   ihc   results  of   Head  on  '^^ 
innervation  of  viscera.  ^    J 

Head  comes  to  the  conclusion  lliat  the  internal  organs  and  dcfin»  ^ 
portions  of  the  surface  of  the  body  receive  their  nerve  »opply  fr^*  ^ 
the  same  spinal  segments,  and  that  irritation  of  the  one  will  '^^J3 
upon  the  other.  It  is  remarkable  how  closely  ihe  area^  w^i*:''  *  * 
mapped  out  experimentally  as  corresponding  to  the  internal  crv 
respond  to  those  positions  on  which  the  appltcalion  of  com 
lion  has  been  found  empirically  most  useful  (Figs,  Q3  and  i^> 
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TABLE  XV.— LINIMENTS. 


I 


The  Official  Liniments  are  very  Bood  representatives  of  this  class  of 
preparations.    The  composition  of  the  principal  ones  is  as   follows: 


LtMifncHtum  yimfnomtr: 


Lm.  Belladonna: 


Lin.  Calcis: 

(Carron  Oil) 

Liu.  C amphora: 
(Camphorated    Oil) 

Lin.   CMoroformi: 


U.  S.  P. 
Ammonia  Water.  35 

Alcohol   5 

Cotton- seed  Oil.  57 
Oleic  Acid 3 

Camphor 5 

Fldcxl.  Bella- 
donna Root. 
10   100 


B.  P. 
Ammonia  Water.  2$ 

Olive  on   50 

Almond  Oil  25 


F.   E.    Bella- 

doniu 50 

Camphor  .. »....    S 
Alcoho! so 


Lime-water,   J  equal  Lime-water,   J  eqnal 

Linseed  Oil,  j  parts.  Olive  Oil.      )  parts. 

Camphor   20  Camphor 25 

Cotton-seed  Oil.  80  Cotton-seed  Oil.  75 


Chlnrufortn    .  . 
Soap  Liniment 


Tfi    Chloroform    ...    50 
70    Camphor  Lini- 
ment       ;o 


Lin.   Saponis: 
tSoap  Liniment) 


Soap 60  Soap   too 

Camphor    45  Camphor so 

Oil  Rosemary  ..   10  Oil  Rosemarv...  ao 

Alcohol   725  Alcohol   850 

Water   to  1000  Water   to  1000 

This  is  practically  identical   with  "  Opodeldoc." 


Lin.  Stiponis  Mollis: 
(Tinctura  Saponis 
Viridia) 


Lin.  Tertbinthine. 


Soft    Soap 65 

Oil  Lavender  ...     2 

.\Icohol  30 

W'ater to  too 


Resin  Cerate  .. 
Oil  Turpentine 


65    Camphor 5 

35    Soft  Soap 75 

Water   25 

Oil  Turpentine  .  65 


Tti  thfse  way  he  added  the  following  National  Formulary  Prepara- 
lion  J : 


Lin.  Aconiti  et  Chloroformi. 

Lin.   Cantharidis: 
Lin.  lodi: 


Tr.   Aconite   . 

Chloroform ^.,«4..«     t 

Soap  Liniment   ^....k*     ^ 

A  15%  solution  in  oil  of  turpentine. 

lodin    . .  .12.5 

KI     5« 

Glycerin    •»-......  3.5 

Water    6.5 

Alcohol   ...to   loao 


Study  Materia  Mcdica   LcMon   13. 
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Lin.  Sinapis  Cvmposiium: 


Mustard    Oil    3 

FMtxt.    Mczcreum    20 

Camphor     6 

Caiitor   Oil    15 

Alcohol    to   100 


AUo  the  B.P.  Preparations: 
Linimenfum  Cantphora-  /httt$wHiatuni: 

Stronger  Ammonia 10 

Camphor    5 

LnvcntltT  Oil  */i 

Alcohol   to  40 

Limmcnfttm  Crotonts: 

Croton  Oil i.o 

Cajepiil  Oil  3.5 

Castor  Oil  3.5 


Linimi'ntum   Aconiti: 

Aconiie     60 

Alcohol  to  lOft 

Camphor    5 


Linimcutum  Sinapis: 

Vol.  Oil  Mustard..  2 

Camphor    3 

Castor  Oil  7 

Alcohol  ■ 43 


Limmentum  Terebinthintr  Actticum: 

Turpentine 4 

Glacial  Acetic  Acid i 

Camphor  Liniment  4 

The  plasters  are  also  irritant.    They  are  discussed  in  Chapter  XXXL 


CHAPTER  XXX. 


SPECIFIC  IRRITANTS  OF  THE  ALIMENTARY 

CANAL. 


(INCLUDING  ANTHELMINICS). 

It  has  already  been  pointed  ont  that  certain  irritant  sub- 
stances confine  their  action  niainly  to  tlie  alimentary  canal. 
These  are  the  Stomachics,  Carmirtatives,  and  Vegetable  Ca- 
thartics. 

(A)  STOMACHICS. 

These  may  be  defined  as  drugs  which  favorably  modify 
the  digestive  process  in  varions  functional  disorders,  and 
whose  action  rests  neither  on  a  cheniic  nor  on  a  physical 
basis.  ^ 

These  substances  are  characterized  by  a  marked  and 
sharp  taste,  either  bitter  or  "  arotuaiic." 


lah*. 


The  last  portion  of  the  definition  excludes  fernienti,  acids  and  alkalies,  and 
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If  ihe  biU«^ 


A  mixture  of  the  two  gives  the  "  aromatic  bitters. 
also  contain  tannin,  they  are  called  "  astringent  bitters. 


I 


I 
I 


Manner  of  Action:     It  has  been  found,  in  animal  exp^^' 
ments,   that   stomachics  increase  absorption   { *>f  sugar      ^^  h 
peptone)    from  the  stomach  and  intestines:  Brandl.    iS^33*^ 
The  secretion  of  the  gastric  and  pancreatic  juice  is  als<_)      ^i^' 
creased..  The  gastric  fluid  contains  more  acid,  ferment,*-  nd_ 
chlorids.     These  resuUs  follotc  in  half  an  hour  after  K=hM 
drugs  arc  given,  their  immediate  action  being  ahnost  no"^h- 
ing,  or  shghtly  in  the  opposite  direction.     The  mechanir^^m 
by  which  these  results  are  secured  is  not  perfectly  und 
stood.     However,  there  is  no  <loubt  that  the  effects  dcpr  ^id 
vtainly  on  a  mild  and  peculiar  irritation,  producing  a  rell.  *X 
flow  of  all  digestive  fluids  (and  probably  also  an  increas<ri 
production  of  secretin) ;  a  beneficial  hypennia  of  the  muo_»tJ.^ 
membranes:  and  a  stimulation  of  the  motor- functions  of  rlie 
alimentan-  canal.    The  increased  appetite  which  is  noticol 
may  be  accounted  for  by  a  stinmlation  of  the  nerve  endings 
concerned  in  the  sensation  of  hunger. 

Experiments  with  dogs  provided  with  esophageal,  gastric  and  P»*' 
low  nstnlas  have  given  the  following  results; 

The  administration  of  bitters  alone  has  no  effect :  hut  when  cfr* 
is  followed  by  a  meal  within  twenty  minutes  (i*.  r..  whilst  ihe  hiC*^ 
taste  is  still  present),  the  tlow  of  gastric  juice  is  increased  by  15  ^ 
40%.  This  has  the  normal  composition.  The  same  result*  »re  <^ 
tained  if  the  bitter  and  food  are  prevented  from  reaching  the  stom^*' 
by  an  esophageal  fistula  (  Borison,  1004).  This  shows  tisat  (he  eH^^^ 
arc  produced  mainly  from  the  mouth;  the  most  plausible  cxpliniti*'" 
being,  that  the  bitter  taste  puts  the  lastc-organs  into  a  cnndition  _  "* 
which  they  appreciate  the  taste  of  food  more  highly,  thereby  favor  i*< 
the   reflex  secretion  of  gastric  juice. 

If  the  feeding  is  delayed  for  longer  than  half  an  hour,  the  hitt^'^ 
are  quite  ineffective.  Somcwliat  larger  doses  are  also  without  actio** 
whilst  still  larger  doses  actually  diminish  the  secretion,  this  effect  l*-^'* 
ing  for  several  days.     (Strashesko,   igo5). 

Hoppe  (1905)  adduces  some  ex'idence  that  ihe  presence  of  (he  btC**J 
substance  in  the  stomach  also  sets  up  a  reflex,  increasing  the  flo*.  »*J" 
generally  the  acidity.  With  condurango,  the  increased  flow  is  espco»*'J 
marked;  but  the  acidity  is  not  raised.  Orcxin  was  effective  in  chro"*^ 
gastritis  with  hyperacidity,  but  had  no  action  on  the  normal  stom*^''- 

Biller<  and  aromatics  are  also  markedlj^  antiseptic,  and  nuy  thet^ 
fore  influence  digestion  favorably  by  limiting  putrefaction  and  abn**^' 
mal  femientation. 

A  further  action  of  stomachics  (both  bitters  and  aronutics)  '^'•^ 
may  be  concerned  in  their  thernpeutic  action,  is  that  llicy  xncrnsi  '*" 
leucocytes  of  the  blood.  (Hirt.  Rinz.  Pohl).  The  theory  hat  br«i 
advanced  that  these  leucocytes  play  a  role  in  intestiiul  *l>«rptt* 
(Hofmcister,   1887). 
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Very  similar  results  are  obtained  by  alcohol  and  by  the 
various  condiments  —  salt;  acid,  as  in  vinegar;  sharp,  as  in 
mustard,  etc. 

The  use  of  these  substances  dates  from  the  most  ancient 
times,  and  the  **  spices  of  the  orient  "  have  played  a  con- 
siderable role  in  the  conunercial  liistory  of  the  globe.  The 
bitter  substances  have  held,  and  still  hold,  a  very  promi- 
nent place  in  ])i)pnlar  medicine.' 

Their  uses  may  be  suiinnarized  as  follows: 

1.  To  modify  ur  nnprove  the  taste  of  ftjod  or  medicines; 
also  to  obscure  a  "  bad  taste  in  the  mouth." 

2.  To  increase  dig^estion  in  cases  of  overeating,  either  by 
overindulgence  in  the  |)leasurcs  of  the  table,  or  when  it  is 
desired  to  subject  a  patient  to  *'  forced  feeding."  In  the 
latter  case  they  act  as  tonics. 

3.  To  increase  appetite,  from  whatever  cause  this  be  de- 
ficient. 

4.  To  improve  digestion  in  all  kinds  of  **  atonic "  dys- 
pepsias. 

5.  As  anlemetics. 

Stomacliics  are  always  administerwl  half  an  hour  or  an 
hour  l>efnre  meals.  If  there  Is  a  catarrhal  c(.»nclitinn.—  i.  e., 
a  subacute  or  chronic  intianimation, —  the  Uitinin  of  the 
astringent  bitters  is  apt  to  be  very  useful.  Ordinarily  it  is 
not  so.  It  nnist  be  especially  avoided  when  the  bitter  is  to 
be  prescribed  vvitli  iron,  since  this  makes  an  unsightly  mix- 
ture. Tannin-free  arc  the  simple  bitters  and  the  niajr>rity 
of  the  aromatic  bitters.  Pharmacists  have  attempted  to 
prepare  "  detannated  tinctures/*  by  precipitating  the  tannin 
with  iron,  gelatin,  hide.  etc.  But  so.  far  these  are  not  very 
successful. 

What,  if  any.  dififerences  exist  between  bitters  and  aro- 
xnatics  is  not  km>wn.  It  has  been  frmnd.  Ivtwever.  that 
^heir  action  and  taste  can  be  greatly  improved  by  judicious 
Tilending,  as  in  the  comiwwiid  bitters. 


In  this,  class  of  stomachics  comes  properly  a  new  synthetic  com- 
IP^^tind,  Orexin.  Its  tannatc  is  practically  tasteless  and  insoluble,  and 
yet  it  is  said  to  exert  a  very  pronouTicc<i  action  in  increasing  appetite 
■Sfcnd  digestion,  somewhat  hkc  the  group  just  discussed.  It  also  prevents 
■*lie  distress  which  follows  the  eating  of  certain  substances  —  such  as 
radishes,  etc.- — in  individuals  who  have  an  idiosyncrasy  against  them. 
C)osc:  0.1  to  0.4  Gm.   (2  to  6  grains)   in  powders,  before  meals.     It  is 

'  AboHt  a  tenth  of  the  medicine*  inentiuned  by  Hippocrates  belong  to  the  clu« 
01   bitUrs. 
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contraindicated    in   hyperacidity   and    in   gastritis, 
are  not  very  favorable. 

(B)  CARMINATIVES. 


The  clinical    results 


4 


This  dass  comprises  certain  arnmatic  oils  exerting  an 
irritant  action  up<»n  tlic  stomach  intestine.  I)eing  somewhat 


specific  in  causing  the  expulsion  of  ga^  ratlier  tlian  of  mud 
or  solid  contents.  Since  they  are  also  antiseptic,  they  arc 
especially  useful  in  abnormal  fermentation,  removing  at 
once  tile  <liscomfort  causefl  by  the  gas,  and  checking  the 
growth  of  the  bacteria  which  give  rise  to  it.  They  also 
form  useful  addition  to  laxative  mixtures,  since  they  dimin- 
ish the  '*  griping." 


MATERIA  MEDICA  OF  STOMACHICS  AND  CARMINATIVES- 

Thc  ntimher  of  bitter  substanct*  and  carminative*  is  so  cxcewireJy 
large  thai  space  wil!  permit  of  the  enumeration  of  only  the  moil  iro- 
porlfiiu.     They  will  be  subdivided  as  in  the  text. 


Cafl  be  mixed 


I.   Simple  Bitters. 

(i.   e..  practically   free  from  aromatic  oils  or  tannin). 

with  water. 

The  tincture-^  have  for  the  most  part  a  strength  of  20%.    The  desfS 
are  those   of  the   U.  S  P.     (Tinctures,  4  c.  c.  =  i5;   fldexts-.   1   c.c  — 

The  pure  alkaloids,  especially 

Quinin  Suifhttc.  0.05  Gm.   (I  grain)  :  Strychnin  Sutphatf.  o.ooi  G« 
C'/fo  uraiii)  ;   Bcrherin  sulf^hate.  0.1   to  0.3  Gm.    (2  to  !>  grain*). 

Calumba     (US.  P..     K  P.). ^Colombo.— The    root     of    fauorrhm 
palmata.   Menispermaccse.     Eastern    Africa;   cultivated    in   Easi  Inc^*** 
islantU. 
preparations:  M 

f'luidcxtractum  Catumha   f  U.  S.  P.). —  Dose:   2  c.  c.  =  30  ni-  1 

Jinctvra  Catunthff  (U.S  P.,  B.  P.).— 30%.    Dose:  4  c.c.  =  i5. 

Infusum  Calumha-     (B.  P  ). —  Dosr:   15  to  jo  c.c.   (>J  to  I  m) 

Ocntiana'    (U.  S.  P  ).— CrH/iffM  — The  root  of  Gentiana  tulfa.Cr 
tiancne,     Switzerland.     Gentiopicrin,    Ci«Hs*0>;     Gcntiin.    CaHaOu 
Preparatittns: 

Extroitum    Gintiantc    (U.S.  P.,    B.  P.).— Pilular.      U*ed  u  pill 
cipivnt.    o— »5   Gm.=^4  grs. 

Fiuidcxtractum   Grntiait^   (V.S.V.).—  Dosf:    1  c.c.  =  15  HI. 

Tinctura   Gt'iitiaHO-  Composita    (U*.  S.  P..    B.  P.). — 10%;    with  B» 
Orange   Peel  and  Cardamon.     Dose:  4  c.  C-^i3. 

Elixir  Gt'iitiattiT  (N.F.). —  3  5%;  dctannated  by  iron.     Dose:  8  to 
c.  c.   (2  to  8  drachms). 

Infusum    Gcntiatxa    Compositum    (B.  P.V — Contains    Bitter    Or» 
Peel  ami  Lcmnn  Peel.     Dose:   is  to  ,V)c.c.  (M  to  1  ob,). 

Quassia    (U.S.  P.,   B.  P.).— The   wfK»d  of  Picrana  exctUa,  Stl«»*" 
htx.     Jamaica. 


tCT 


I 


'  Gentian  contains  ■  small  amount  of  Tannin;   not  enougfa   10  m«kc  it 
gent,  but  sufficient  to  cauu  a  (itscoloration   with  iron. 
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Preparations: 

Extractum  Quassia  (U.  S.  P.).— Powdered.  Dose:  0.065  Gm.= 
I  gr. 

flmdextractum  Quassia   (U.S.  P.). —  Dose:  0.5  c.c.  =  8  HI. 

Tincturo  Quassia   (U.  S.  P.,  B.  Pj— 20%.     Dose:  2  c.  c.=30  TR. 

Infusum  Quassia  (B.  P.). — 1%  in  cold  water.    Dose:   15  to  30  c.  c- 

(f/i   to    I    07..). 

Litjuor  Quassia  Conccntratus  (B.  P.). —  10%.  Dose:  2  to  4  c.  c.  (J/i 
to   I  drachm). 

ChiraU    (U.S.  P.,   B.  P.).— The    entire   plant   of   S'^vertia   Chiraia, 
Getittancx.     Northern    India. 
Preparatiittts' 

Fluidt'.rtractum   Chirahr    (U.S.  P.). —  Dose:    I    c.c.  =  i5   n\.. 

'linitura  Chirata  (U.  P.). — 10%.  Dose:  2.0  to  8.0  c.  c.  {Yt  to  z 
drachms). 

Liquor  Chirata  Coneentratus  (B.  P.). —  50%.  Dose:  2  to  4  c. c  (J4 
lo    I    drachm). 

Infusum  Chirata  (B.  P.).— 5%.     Dose:   15  to  30  c.  c.   (54  to  i  or). 

Taraxacum   (U.S.  P..  B.  P.). —  Dandelion. —  The  root  of  Taraxacum 
vMiinalt\  CompositiE.     Temperate  zfme. 
Preftarti/ioits: 

E-xtractum  Taraxaci  (U.S.  P.,  B.  P.). —  Pilular.  As  pill  cxcipicnt. 
1  Gm.  =  15  grs. 

Pluidextractum    Taraxaci    (  U.  S.  P..    B.  P.).— /?oJt';    8  c.c.  =  25. 

Elixir  Taraxaci  Compositum    (N.  F.^. —  With  aromatics.     As  flavor. 

Succus   Taraxaci  (B.  P.). —  Dose:  4  to  8  c. c.   (i   to  2  drachms). 

Xanthoxylum  (V.S.V.).— Prickly  Ash.~~rhc  bark  of  .V.  ameri- 
canum  and  A'.  Ctofa-Hcrculis,  Rntacese;  North  .America.  Ti  contains 
bcrherii..  and  acts  as  a  bitter. 

The  ftuidfxtract  is  official    (U.  S.  P.).     Dose:  2  c.  c.  ^.^0  TTi.. 

Berberis  (U.S.  P.). —  The  rhizome  and  roots  of  B.  aguifotium 
and  tether  species,  Berberidacefc.  North  America.  Berberin  C!»HitNO* 
(intensely  yellow). 

Flutdcxtr.  Bcrbcridis,   (U.S.  P.). —  2  c. c.  =  30  X^. 

Nux  Vomica.—  Sec  Index. 

II.  Afttringent  Bitters. 

With  these,  tannin  is  a  prominenl  ingredient,  whilst  volatile  oiU 
arc  present  only  in  small  quantity,  if  at  all.  The  preparations  can  be 
mixed  with  water. 

Cascarilla  (B.  P). —  The  bark  of  Crotan  Eluteria.  Euphorbiacese. 
Bahama.     Dose:  0.6  lo  2.0  Gm.   (lo  to  30  grains). 

infusum  Cascarilia  (B.  P.). —  5%.  Dose:  15  lo  30  c.c.  (M  to  I 
ot.). 

Tinctura  Cascarilia  (B.  P.). —  20%.  Dose:  2  to  4  c.c.  (J4  to  i 
drachm). 

Cinchona.—  See  Index. 

*  Condurango. —  The  bark  of  Marsdenia  Condurango,  Asclepiade.T. 
Ecnadnr.  Said  to  have  a  specific  effect  in  carcinoma  and  ulcer  of  the 
stomach. 

Preparatio%is : 

*  Pluidextractum  Condurango.—  Dose:  1.0  lo  1.5  c. c.  {15  to  35 
minims). 

*  I'inum  Condurango. —  1  :  lo.      Dose:  4;  c.c.  (I  drachm). 
Serpentaria    (U.S.  P..    B.  P.).— Cir^iiiio   Snakcroot. —  The   rhizome 

and  ro«i!s  of  Aristotochia  Serpentaria  and  of  A.  reticuhta,  Aristolochia- 
ccae.     United  States. 

Study    Matrria   Medica   Lcftson    14. 
•  Sot    official. 
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Pret*araiinfts: 
Fiuidcxtraciunt   Scrpenlantr    (U.S.  P.). —  Dosf:   i   c.c^ts  % 
Tinctura  Scrffenataii^    (U.S.  P..   B.  P.).— 20%.     Dose:  4  cc.  =  l3- 
Liquor  Scrf>cntari<r  CoHcentratits  (B.  P.). —  50%.    Dose:  a  to  4  &c 

(H  to  I  drachm)- 
Cimicifuffa    (U.S.  P.,    B.P.).— Black    Snakcroot,    Black    Cohosti" 

The  rhii^oinc  and  roots  of  Cimicifuga  racemosa,  Raiiunculaceae.    N'«>tiI^ 

America. 

Preparations  (made  with  slronif  alcohol  and  not  iniscible  with  water)_^ 
lixtractum   Cimicifuga   (U.  £►.  P.). —  Powdered.     Dose:  a25  Gm-^ 

4  (fTs. 

Fluidcxtractum  CimicifugtP  (U.  S.P..  B.  P.), —  Dose:    1   cc  =  l5    ^' 
Tinctura  Cimicifugte  (U.S.  P.,  20%;  B.P,   to%).— Dose:  4  cc  — 

I3.  ^ 

Cuipariae   Cortex    (B.  P.). —  Anaosiura  Bark.  Cusf>ana.~Thc  l>«rK 

of  Cuspiina  fcbrifnga,  Rutacear.     Tropical   South   America.     Dose:     o-^ 

to  2.5  Gm.  (10  to  40  grains). 

III.  Aromatic  Bitters. 

Hiese  contain  both  aromatic  oils  and  bitter  principles,  but  no   x^t*- 

nin.     Their  alcoholic  nrcparatioiu  cannot  be  mixed  with  water  witl*^*** 

turbidity   (or  tiltcring). 
Calamus   (U.S.  P.). —  Sncct  Flag. —  The  rhiromc  of  Acorns  C 

Vius,  .Aroidex,     Europe  and  North  America. 

Preparations: 

Pluidcxtrocium  Calami  (U.  S.  P.). —  Dose:  1   c.c.  =  J5  n^, 
Aurantii   Amari  Cortex    (U.S.  P.)    [Aurantii  Cortex  Stccatus 

Recens,  R.  P,  1. —  Ritlcr  Orange  —  The  rind  of  the  fruit  of  Citrus     •  "* 

garis  {Citrus  Aurantium,  var.  Bigaradia,  B.  P.),  Rutaccx.    Culiiv"^*' 

in  subtropical  countries. 

Preparations: 
Fluidextraclum    Aurantii  Amari    (U.S.  P.). —  Dose:    I    cc.  =  l5 
Tinctura    Aurantii   Amari    (U.S.  P.,    B.  P.).— ao%.    Dose     4 

=  1  5. 
Infusutn  Aurantii  (B.  P.).— 5%.    Dose:  15  to  jo  cc.  (H  to  I  ^ 
Infusum    Aurdutii    Compositum     ( B.  P. )     contains*    other    *"*"''**», 

Dose,  as  the  infusion:  also  enters  into  Syrupu*  Aromaticu*.  Syr.      -^ 

ranlii.  and   Vin.    .Aurantii    (B.  P.). 

*  Absinthium. —  lionntcood. —  lite    leaves    and    tops   of    Ai 
AbstnUiiuin.  Compositac.     Europe. 

preparations:  ^1 

*  Oleum  Ahsinthii. —  Prep,  by  distillation.    Dose:  aos  to  at  cc- 
to  2  drops) 

*  Infusum  Ahsinthii. —  i  :  16.     Dose:  ^  to  60  c.  c.   (5i  W  'P-  -|| 

*  Absinthe. —  A   liqueur  consisting  essentially  of  a  solution  of  thc^^^ 
in  alcohol,  of  a  strength  of  about  50%.  %vith  the  addition  of  arom***^ 
and    coloring-matter.      Ordinary    amount*    have    effect*    anatofou^    f^ 
those  of  alcohol,  but  if  taken  in  excessive  quarttilies,  it  indacet  tBBP^ 
and  epileiitiform  conditions. 

*  Achillea.—  Yarrow.— yhc  herb  of  Achillea  miUefolinm,  Coavof* 
tae.     Northern  temperate  rone.     Dose:  2  to  4'  Gm. 

Humulus. —  Also  acts  as  hitler      For  Materia  Mcdica  aec  Tnilex. 

■Panax. —  Ginseng  —  The  root  of  Panax  quinquefoHum.  Araliartt. 
very  highly  valued  by  the  Chinese,  belongs  to  this  scries.  So  do  ^Mr* 
species  of  Panax  and  Aralia. 

•  Not  offieiat. 
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IV.  Other  **  Bitters  **  Used  in  Domestic  Medicine 

are  the  following:  Cnicus  Arvensis,  ^sctilus  glabra.  Agrimonia  Eupa- 
toria,  Plantago  major.  Scrophularia  nodosa,  Lappa  oHicinalis,  Adiantum 
pedattim,  Coptis  trifolia,  Hwpatorinm  purpiirenm,  Fruxinus,  Viburnum 
prunifolium,  Sarracenia  purpurea,  Saxifraga  Pennsylvanica,  Peni- 
stcmon  pubesccns,  Cynoglossum  officinale.  Asimina  triloba,  Menispcr- 
mum  Canadcnse,  Gratiola  virginica,  Dipsacus  sylvestris,  Cctihalanthus 
occidentalis.  Ambrosia  bideutata,  Geum  rivak;,  Lycopus  Virginlcus, 
Mcnyanthes  tnfolia,  Polyporus  officinalis,  Prinos  vcrlicillata,  Sabbatia 
camprstris,    Scutellaria   hiti folia,   Simannha   officinalis.   Marnihium   vui- 

farc.  Berbcris  vulgaris,  Boldoa  fragrans,  Choudrodendron  tomeniosum, 
'ra^^cra  Carolincnsis. 
These  possess  no  advantage  over  the  other  Bitters, 

V.  Compound   Bitters. 

The  taste  and  effect  of  hitters  may  he  greatly  enhanced  by  a  proper 
blending.  Indeed,  these  compouiul  preparations  almost  always  deserve 
the  preference.  The  official  mixtures  have  already  been  mentioned. 
viz. : 

Tincture  Gentiana  Composita  (U.  S.  P.»  B.  P.). —  See  under  Gen- 
tian. 

Elixir  Arowaticum    (U.S.  P.). —  See   Index. 
Also  the  National  Formulary: 

Elixir  Gcntian<v   iOctannata). —  See  Index. 
To  these  may  Ik:  added : 

*  Tinctura  .tmara   (N.  F.). —  Dose:  4  to  8  c.c.   (i  to  2  drachms). 

•  rirtum  Aurantii  Composituw  <N.  F.). —  Dose:  5  to  15  c.c.  (2  to  4 
drachms). 


VI.  Aromatics.  Carminatives,  and  Condiments. 

These  have  been  largely  discussed  in  connection  with  other  groups, 
especially  under  the  aromatic  flavors  (Chapter  VI)  and  organic  irri- 
tants (Chapter  XXIX).  and  may  be  consulted  through  the  Index. 
The  crude  drugs  are  used  as  powders  or  infusions.  0,3  to  1.5  Gtn. 
(■5  to  25  grs.)  :  the  oils.  0.05  to  0.3  c.c.  (i  to  5  "i)  ;  the  spirits  or 
tincture.s,  i.  to  4.  c.c.  (30  to  60  ttis). 

hThc  most  important  are: 
SpW.  Mt-nthtr  Pip. —  2  c.c.  =  30  HI. 
Tiiict.  Zins^ibcris. —  2  c.  c.  ^  30  TTl,. 
Tinci.  Cardamomi  Co. —  4  c.  c.^  i  5. 
Pil.  A safartiita^^  One  pill. 
The    following    drugs   and    their   preparations   may   he   used   as  car- 
rnma lives   (alphabetical  arrangement)  : 


^uvthutn    <Diin. —  Oleum. 
■j^nisum   (. Anise). —  Ol.  Spir. 
^safatida. —  Tine.   Fjnnls.   Pil. 
Camphor. —  Spir. 
Capsicum. —  Olcoresin,  Tinct. 
Cardamomuvi. —  Tinct.  and   Tinct. 

Card.im.  Co. 
Carutu  (Caraway). —  Oleum. 

SlQily   Materia   Mrdici    I.rftsnn    14- 
*  Not  ndicial. 


Caryophyllus    (Cloves).— Oleum. 

Cinnamomum  —  Oleum.      Spir. 

Tinct.     Aqua,     Pulvis  Aromati- 

cns.     Fluidext.   Arom. 
Coriandrum. —  Oleufn. 
Fccfticulum    (Fennel). —  01  eu  m. 

Aqua. 
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*  Gaiani>o. —  Tuhcr  of  Alpinia  of- 
ficinortim,    Scitaminoc,   China. 

Hedcoma    ( Pennyroyal), —  Oleum. 

*  lUicium  (Star-Anise). 
*Macis  (Mace). 

Mentha  l^iperita    (Peppermint), — 

Oleum.    Spiritus. 
Mentha     I'iridis     (Spearmint). — 

Oleum.     Spiritus. 
Myristica     (Nutmeg) . —  Oleum. 

Spiritus. 
Myrrha, —  Tinct 
Pimtnta    (Allspice). —  Oleum. 


Pipfr    ( Black    Pepper).—  Oleofc- 
frina.     JO  mg.  =  J4  gr. 
Pipchna.CMnSOt.    Palcy*^' 
low  crystals,  insol   in  w»t^' 
sol.    in    15    alcohol      Doif 
0.2  Gni,  =  jt  grs 
Sassafras. —  Oleum. 
yaicn'ana. —  Tinct.       and      Ti'i^ 

Valerian.     Ammon. 
•  Zfdoaria. —  Tuber     of    Cnrc**^ 
Zedoaria,  Scilamirtear,  I"<1'"-^, 
Zingiber    (Ginger)  —  Tinci.     F7 
cxi,   Syrup.  Olcoresin.  Tnx>»«»^I 


The  following  mixtures  may  be  taken  as  types: 

*  Mistura  Magnesia  ct  Asafirtidtr  (N.  F). —  Magnesium  Carbort- 
5%,  Tinct.  Asatctida  7.5%,  Tinct.  Opium  l%.  Dose:  a  to  8  cc  < 
to  2  drachms  )- 

*Tinctura  Capsici  et  Myrrha  (N.  F.).— Capsiciiin  3%»  Myrrh  Ti-S' 
Dose:  0.6  to  2  c.  c.  (10  to  30  minims). 

*Chhrndyne    (for    colic). —  See    Mist     Chlorof    el    Cann    Ind     ' 
N.  F.,  and  Tinct.  Chlorf.  ct  Morph.  Co.,  B.  P.,  page  4+2 


(C)  VEGETABLE  CATHARTICS. 
I.  MANNER  OF  ACTION. 

All  vegetable  irritants  increase  peristalsis  when  taken 
incnith.     However,  those  which  have  l)een  classed  as  ci-* 
neons    irritants    produce,    when    taken    internally,   a   nm 
marked  effect  upon  the  stomach,  leading  to  vomiting;  oti 
act  more  specitically  as  carminatives:  while  still  others  t 
to  produce  nephritis.     These  cannot  be  used  in  practice 
affect  peristalsis.    Tlie  term  '*  vegetable  cathartic  "  is  Ih* 
fore  restricted   to  those  which  irritate  the   intestine  i«" 
somewhat   specific  manner,   with  a  much   lesser  action  - 
any.  on  skin,  stomach,  or  kidneys. 

The  reason  for  this  peculiar  limitation  of  their  irri«^ 
action  to  the  intestinal  canal  depends  ttpon  their  S'»Itibi  I' 
or  on  certain  phenomena  of  decomposition,  both  broLf^"^ 
about  by  the  alkaline  reaction  of  the  intestine. 

Thus,  ca.stor  oil  and  croton  oil  become  active  only  when  '*''''' ^J^ 
acids  are  liberated;  croton  oil  contains  some  free  acid  and  i»  ^y^ 
fore  pnstulant  also  on  the  skin,  The  group  of  "resins"  are  invMoft" 
in  water,  but  are  decomposed  and  disvilvcd  by  alkalies. 

The  hilc  sccm'B  lo  be  necessary  for  the  activation  of  many  r-f  ti« 
resinous  cathartics,  the  following  Iving  rclativelv  or  quite  ineneer" 
in  its  absence:  gamboye,  podopbvllnm.  convitvubn.  jalun  '  '^^ 
monium    (Buchheim   and    Stadclmann').     The   bile   ads   p-  ^ 


increasing  the  solubility. 
of  bile. 


Rhubarb  and  senna  are  active 


...-c:u"t 
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A  relatively  mild  irritation  suffices  for  active  catharsis.  None  of 
the  vegetable  cathartics  are  at  all  corrosive;  and  even  toxic  doses  cause 
necrotic  changes  uiily  as  the  result  of  excessive  inflammation.  The 
irritation  is  confined  to  the  intestinal  tract;  the  stronger  cathartics 
escaping  absorption,  whilst  the  milder  laxatives  would  scarcely  be 
irritant  even  if  absorbed.    There  is  consequently  no  danger  of  nephritis, 

The  inHammatory  action  usually  affects  only  the  sensory 
endings  which  liave  to  do  with  the  setting-up  of  peristaltic 
impulses;  but  the  action  may  extend  deeper,  an<!  involve  the 
muscles,  etc.  The  result  of  tlie  irritation  is  an  increased 
peristalsis,  with  consequent  hyperemia.  If  the  irritation  is 
violent,  it  also  produces  pain  (colic  or  "  griping  "'). 

The  quickened  peristalsis  will  cause  expulsion  of  the 
intestinal  contents  before  there  is  time  for  the  absorption 
of  liquid  which  normally  occurs  ( especially  from  the  large 
intestine).  The  stools  are  consefpiently  soft  to  semifluid 
or  liquid,  according  to  the  violence  of  the  peristalsis. 

It  follows  from  this,  that  with  moderate  doses  the  fluid  of  tlie  stools 
is  not  derived  from  the  tissues;  none  ihe  less,  these  become  drier, 
since  they  are  prevented  from  replacing  the  water  lost  by  the  urine  and 
respiration. 

The  anthracene  cathartics  do  not  cause  any  secretion  of  fluid,  even 
when  large  doses  arc  given  (Thiry,  Brieger,  Flemming):  but  large 
doses  of  the  resinous  cathartics  cause  the  effusion  of  an  intlammatory 
exudate  into  the  intestine. 

The  anthracene  and  resinous  cathartics  also  increase  peristalsis  if 
they  are  injected  subculancousiy  or  intravenously;  the  resin-group  is 
even  more  active  by  this  channel.  The  action,  however,  is  even  then 
a  local  one,  the  constituents  being  excreted  into  the  intestine.  The 
cathartics  are  not  adniinistcrril  in  this  manner  in  practice,  since  the 
injection  would  be  painfully  irritant;  the  effects  are  also  more  easily 
controlled  when  the  drugs  are  given  by  mouth.  Tlie  isolated  prin- 
ciples are  not  used,  since  the  preparations  of  the  crude  drug  produce 
a  more  certain  and  more  extensive  effect. 

This  is  due  to  the  fact  that  the  principles  are  to  some  extent 
soluble  and  ahsorbahle.  They  tlierefore  irrilale  the  stomach  and  often 
do  not  reach  the  intestinal  cnnal.  In  the  crude  drugs  they  are  pro- 
tected by  the  presence  of  various  cnlloid  substances  which  prevent 
their  irritant  action  and  snlutiun.  Kor  this  reason,  they  rench  the  in- 
testine without  very  much  change,  and  since  ihey  remain  here  for  a 
longer  time,  may  develop  iheir  full  action. 

TI.  CLASSTFTCATION. 

The  vej^etable  cathartics  may  be  divided  into  three  phar- 
macologic groups : 


{A)  The  Ncitiral  Oils: 

These  include  Crototi  Oil  and  Castor  Oil. 
{B)     Tht  Atithraccne  Dfrhatives.^ Emodm,  cathartin,  chrysarobin, 
and  their  acids. 
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These   are   ihc  active   principles   of  Sfttna,  Rhubarb.  Rhamu. 

Cascara  Sograda.  t'tlucs. 
(O   The  HesinoHs  Anhydrids: 

Jalapin,   Scamntottin,   Etatcrin,    PodophyHin,   Colocynthin,  Cm- 

bogc,  Euotiymin. 

(A)  The  Neutral  Oils. —  Croton  Oil. —  The  active  irritant 
principle  of  this  is  a  fatty  acid  —  croiouoletc  acid.  In  the 
oil  this  exists  mainly  in  the  form  of  a  glyceric,  which  i* 
entirely  inactive.  Some,  however,  is  free,  so  that  the  '>il 
acts  as  a  very  strong  irritant  in  any  situation.  On  the  skin 
it  produces  pustulation.  In  the  intestine,  the  glycend  is 
split  like  any  other  fat,  and  the  liberated  acid  may  (lc\'clap 
its  action  to  the  fullest  degree,  and  is  a  most  violent  "(Iras' 
tic  "  purgative. 

Oleum  TIglii  (U  S.  P)  |0L  Crotonis,  B  PI  — C-"  -  '^^-A 
fixed  oil  expressed   from   ihc   seeds   of  Croton   tigiium  ' 

India  and   Philippine;^.     Soluble  in  60  parts  of  alcohol.      ^  '' 

least  two  years  old.  Dose:  0.015  *<^  oa2  c.  c.  (>4  to  2  dfo(»),  oo  « 
lump  of  su^ar.  slice  of  bread  or  of  lemon    (0.05  cc.  =  i  m,  U. S  P*         - 

Ltninicnium  Croionis,  B.  P.    (sec  p.  719.)  ^ 

Castor  Oil  contains  the  glycerid  of  an  analogous  acit^"    ~ 
ricinolic  acid;  the  action  of  this  is  similar  to  that  of  cro* 
tonoHc  acid,  but  very  much  less  violent.    Since  it  dt»e»  ^^. 
exist  at  all  in  free  form  in  the  oil.  this  is  perfectly  bland  ^ 
non-irritant  to  the  skin  or  stomach. 

In  China  it  is  used  a>  an  article  of  diet.    The  proj>erti«  of  C^ 
Oil  were  known  to  Herodotus;  but  Croton  Seeds  wtnc  first  d«c*^' 
in  the  middle  of  the  sixteenth  ccntnrv. 

Oleum  Rlclnl  (U,  S.  P..  B.  V.).~Castor  Oil—  A  fixed  aJI  expt 
from  tlie  seeds  of  Ricinuj  communis.  Eiiphorhiacex.     Cultmilcii 
uhli'  in  an  equal  volume  of  alcohol.     Dose:  8.0  to  6ao  c  c.  (  fi  ti>  i 
(16  c  c.=45.  U.S.  PV 

The  ta<tc  of  castor  oil  is  vcr>'  rauseant  to  many  persons.    It  \i 
best  administered   in  the  form  of  cipsules. 

Misiura  Olri  Ricini  (B  P.). —  .\  40%  emulsion  flavored  with 
Flower  and  Cinnamon.    Dose:  30  to  60  c.c.  (1  to  a  oz.)* 

(B)  Anthracene  Derivativei: 

The   drugs   of   tin's    group    TSenna.    Rluiljarb,   C 
Aloes)  owe  their  activity  to  a  series  of  substance- 
ghicosidal.  which  yield  oxymethyl-anlhraquinon  by  hy 
ysis  or  by  oxygenation   in   alkaline  solution    TBucW 
Tschirch).     Tt  is  these  decomp*^sition-producis.  and  Ti*M^ 
original  constituents,  which  exert  the  cathartic  acti^tn. 

Study    ^^atrTis    McHca    I.cMon    ts* 
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more  important  inother-suhstances  are  emodin,  chrj'sophanic 
acid,  chrysarobin,  and  in  aloes,  aloin.  These  are  all  deriva- 
tives of  anthracene,  Cj^Hio.  CI]rys4)i)hanic  acid  and  chrys- 
arohin  are  entirely  too  irritant  to  he  available  as  cathartics; 
in  the  drugs,  their  action  is  tempered  by  the  presence  of 
colloid  extractives.  Their  decomposition  occurs  but  slowly, 
so  that  these  cathartics  have  a  rather  long  latent  period. 
The  action  never  progresses  to  inflammation,  which  makes 
these  drugs  especially  valuable  when  the  purgative  is  to  be 
taken  habitually.  Their  action  is  mainly  on  the  large  in- 
testine (Buchheim;  Tappeiner  and  Brandl) 

E$ttodin  is  probably  the  most  important  of  tbcse  principles.  It  is 
present  in  the  amount  of  0,8  to  i.%  in  senna:  -'.6%  in  frangiila;  0.6% 
in  cascara;  0.8%  in  Cape  aloes;  and  1.5%  in  rhubarb.  (Tschirch  and 
Hiepe). 

The  drugs  containing  emodin  color  the  urine  yellowish  brown  when 
it  is  acid,  reddish  or  violent  when  alkaline.  It  may  be  advisable  to 
acquaint  the  patient  with  thi*"  fact.^ 

Senna  <  U.  S.  P.>,— The  leaflets  of  Cassia  acutifoUa  [Senna  Alex- 
andrina,  B.  P.]  (Alexandria  Senna)  or  Cassia  augustifoUa  |Senna 
Indica,  B.  P.]  ( India  or  Tinnevclly  Senna),  Leguniinosac.  EaMcrn 
and  Central  Africa  and  India;  cultivated.  Dose:  5  to  15  Cm.  (i  to  4 
drachms)  (4  Cm.^i.\  U.S.  P.).  The  leaflets  of  the  Indian  senna 
are  much  longer  than  those  of  the  Alexandria  variety. 

Senna  produce?  considerable  griping.  This  may  he  almost  abolished, 
without  greatly  reducing  the  strength  of  its  action,  by  first  exhausting 
it   with  strong  alcohol. 

Fluidexlr.  Senna  (U.S.  P.)  is  made  in  this  manner.  Dose:  2  c. c. 
=  .V5  TTV. 

The  stools  occur  about  five  to  twelve  hours  after  its  adinini.stration. 

Tlic  best  preparation  is  an  extemporaneous  infusion.  This  must  not 
be  boiled  very  long,  else  the  aclivily  suffers. 

Th^  fotloiK'ing  are  official: 

Infusum  [Mistura.  B.  P.]  Scnner  Compositum  (V.  S.  P.,  B.  P.)  — 
iBiack  Draught.)  Dose:  120  cc.^45.  U.  S.  P.  An  excellent  prep- 
aration. 

Contains   per   cent.:     Senna    6,    Manna    12.    Magncs.    Sulph.    \2, 
Fennel  J. 

Puh'is  GlycyrrltiziT  Comf*ositus  (U.S.  P.,  B.  P.). —  Comftound  Lico- 
rice Potcdcr.  Dose:  2  to  8  Cm.  (5<i  to  2  drachms)  stirred  in  water 
C4  Gm-  — i5.  U.S.  P.) 

Cont:iins  per  cent.:     Senna   18.  Sulphur  8.  and  Glycyrrhiza,  OU 
of  Fennel,  and  Sugar. 

Confectio  Senn<e  (U.  S.  P.,  B.  P.).— Contains  per  cent.:  Senna  10, 
Cassia  Fistula  16,  Tamarind.  Prune,  and  Coriander.  Dose:  4  to  8  Gm. 
(X  to  2  drachms)   (4  Gm.  =  6o  grs.,  U.S.  P.). 

'Exerciw  ij.  Oihcr  drHgi  tchictt  cAflMC^  the  color  of  the  iirin^  ore:  tof- 
^M.'oo4  <  Hcmatoxylon)  ditei  imt  color  acid  urine,  but  produces  a  radish  or  violet 
crolor  in  alkaline  urine.  .Ssnionin  rivc*  a  yellow  color  to  acid  nrine.  With  a 
Vrllow  foam;  if  tlie  urine  i«  made  alkiiline  It  sivc*  a  very  pronounced  pink. 
Picric  arid  Rivrn  rrildi<4h-t>rawrn  color  in  Iwith  fictd  and  nlkaline  urine.  The  vari* 
ous  coal-tar  products  fcivc  a  brownish-black  color.  Mcthylen  blue  imparti  a  Rrten 
color. 
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4  cc.= 


Syrupus  Smttr   (U.S.  P.,  B.  P.).— Contains  25%.     Dosr 

1  5  {U.S.  P.). 

htfusum  Scnnce  (B.  P.).— 10%;  flavored  with  Ginger.  Dose:  15  to 
30  c.  c.   (!.-i  to  I  oz.). 

Liquor  rcnn<e  Conccniratus  (B,  P.).— 50%;  contains  Ginger.  Di^w 
a  to  4  c. c.  C/i  to  I  drachm). 

Tinctura  Scntta  Comftosita   (B.  P.)- — 30%;  with  Aromalics.     Dou: 

2  to  4  c.  c.  (^^  to  I  drachm). 

*  Species  Laxontes  (N.  F.)  (St.  Germain  Tea). —  Per  cent.:  4D 
Senna,  10  Cream  of  Tartar;  Elder  flowers,  Fennel,  and  Anise.  Dost. 
4  to  H  dm.  (l  to  4  drachms),  as  infusion. 

Cassia  Fistura  <U.  S.  F.)  [Cassiie  Pulpa,  BP.]— The  fruit  of 
Cassia  fistuia.  Lt'puininosse.  Easl  India.  Dose:  4  Gm.=  i  5  (U.  S  P)- 

Rheum  ( U.  S  P.)  |Rhei  Radix,  B.  P.|.—/i:/iii!jor6.— The  rhuotne 
of  Rheum  ofHciftale.  palmatuvi.  and  other  undetermined  species.  Po- 
lygonacex.  China;  ciihivaled.  (The  species  of  Rhubarb  cultivated  in 
this  country  arc  devoid  of  cathartic  properties.) 

The  Russian  Rhiiliarh  was  exported  7'ia  Russia,  whilst  the  so-calW 
Chinese  or  Easl  India  Rhubarb  comes  by  water. 

Records  of  the  use  of  rhubarb  in  Oiina  date  back  to  2700  B.C- 

Thc  priticipai  constiluents  are  the  cathartic  principles:  CkrysopkanU 
Acid.  Ci»Hi.j04  (arises  from  chrysophan.  CrtHMOu.  when  the  root  >• 
boiled)  ;  Rmodin,  Ci»Hi«0»;  Rhcin.  C»Hi«0«.  (Note  llie  close  reUtions 
in  the  composition  of  these  principles.)  Hitter  Resins:  Erj-throrelio, 
Phaeorctin,  and  Aporetin :  Rheotatitiic  Acid:  Rheumir  Acid:  Cakimn 
Oxalate.  Starch.  Sugar,   Pectin,  etc.     ( Tschirch  and  HeubcrRcr,  IQW) 

Whilst  the  active  principles  show  a  general  similarity  with  thn**  irf 
senna,  certain  of  its  constituents  modify  its  action.  The  rhmtannic 
acid  tends  to  produce  a  secondary  constipation.  The  bitter  rciin^ 
give  il  a  stomachic  action.  On  this  account,  and  aI*o  because  its  taste 
is  less  disagreeable,  it  is  preferred  to  senna  for  convalescents^  l^ 
also  produces  less  colic,  and  is  generally  milder.  It  acts  in  eight  to 
ten  hours. 
Prcparaliotis : 

Pulvis  Rhci  Composiius  (  U.  S.  P..  KV.).— {Gregory's  Powder) — ■ 
Rhubarb,  ^5;  Magnesia,  65;  Ginger,  10.  Dose.  2  Gnv=jo  gr^ 
U.  S.  P. 

Pilula  Rhei  Composite   (U.S.  P.). —  Each  contains:      Rhubarb.  0  «l 
Gm.  (2  grains)  ;  Aloes,  0.1  Gm. ;  Myrrh,  0.06  Gm.;  and  Oil  of  Peppe^ 
mint.    Dose:  as  stomachic,  I  :  as  purgative,  2  to  4. 

Pit.  Rhei  Composita  (B.  P.)  contain.t  the  same  ingredients.  Dof* 
0.25  to  0.5  Gm.  (4  to  8  grains). 

Extractum    Rhei    (U.  S.  P..    B.  P.).— By   evaporation   of   fluidext. 
pilular  consistence.     Dose:  0.25  Gm. ^4  grs..  U.  S.  P. 

Infusum  Rhei  (B.  P.).— 5%.     Dose:  15  to  30  c.c.   OA  to  1  ot). 

Fluidextraclum    Rhei    (U.S.  P.). —  Four-fifths   alcohol.     Dote:  I 
4  c.c.   (J4  to  t  drachm)    (i  c.c.  =  15  \\,  U.S.  P.). 

Liquor  Rhei  Conccntratus  (B.  P.). —  50%.     Dose:  t  to  4  c.c.  (W 
1  drachm). 

Tinctura  Rhei  (U.  S.  P.).— 20%.  Cardamom.  4%.  Glyctrio  »«" 
two-thirds  alcohol      Dose:  4  c.  c.  ^  I  3,  V.  S.  P. 

Tinctura  Rhei  Aromatica  (U.S.  P.,  20%:  B.  P.,  10%).— Arom»t»*=** 
one-half  alcohol.     Dose:  2  c.c. ^.10  r\.  U,  S.  P. 

Syrupus  Rhei  Aromalieus  (U.S.  P.).— Aromatic  Tincture,  l;  Sf^^^ 
SVi.    Dose:  8  c.  c.  =  2  5.  U.  S.  P 


I 
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Wo-    (U.S.  P.).— Sod.   bicarb.,   3.5%;    Flui<*^*^ 
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rb.  1.5%;  Fhiidext.  Ipecac,  0.3%;  Sp.  Peppcrmini,  Glycerin^  and 
IJose:  4  c.  c.  ==  I  3.  U.  S.  P. 

Syruf^uj  Rhci  (  L.  S.  P.).— FKiidcxt.  Rhubarb.  io7o  ;  Pot.  Carb., 
1%;  Cinnanuin,  GIvccrin,  and  Syrup.  (B.  P..  5%;  with  coriander] 
Dose:  8  c.c.  =  j3.  I'.  S.  P. 

Rhamnus  Purshiana  (U.S.  P.)  (Cascara  Sagrada.  B.  P.I.— Caj- 
cara  Sagroda. —  The  bark  of  Rhamnus  PursUiana,  Rhamnaccae.  Pa- 
cific Coast  of  North  America.     Stored  at  least  one  year. 

When  the  bark  is  first  collected  it  is  emetic  After  two  years*  keeping 
this  action  is  lost,  and  the  cathartic  quality  is  acquired.  The  active 
principkrs  arc:  Cascariti,  which  '\s  a  catliarlin  or  etnodin  principle; 
isocmedin.  bitter  resins,  etc.;  no  chrysarobin  or  chrysophanic  acid 
(Jowett,  1904:  This  autlior  claims  that  emoiiin  i.s  not  the  main  active 
constituent).     The  emetic  action  is  said  to  be  caused  by  a  ferment 

Ca^cara  is  one  of  the  best  purgatives  for  continued  administration. 
Its  very  disaRreeable  hitter  taste  is  largely  removed  by  treatment  with 
alkalies,  without  materially  impairiuR  its  action,  This  is  done  in  the 
Aromatic  Fluidcxtraci.  (This  is  sometimes  called  "tasteless,"  but  is 
by  no  means  so.) 

plmdextr.  Rhamni  Purshians   (U.S.  P.). —  I   c.  c.  =  l5   Til. 

Fluidcxt.  Rhamn.  Pursh.  Aftjmalicum  (U.S.  P.). —  Maceratnd  with 
magnesium  oxid.  Aromatics.  i  c  c.=  i5  ITI..  The  dose  of  the  fluid- 
extracts  may  be  mcreased  to  4  c.  c  (i5),  if  necessary. 

Extract.  Rhamn.  Pursh  (U.S.  P.). —  Powdered,  t  Gm=4  Gms. 
of  drug.     Dose.   0.25  Gm.  =  4  grs.   (U.S.  P.). 

Frangula  (U.S.  P.). —  BucUihorn.    The  bark  of  Rhamnus  frangula. 
Europe    and    Northern    Asia.     It    corresponds    closely    with    the    pre- 
ceding. 
preparations  : 

Fluidcxtractum    Prangutcc    (  U.  S.  P,*t. —  I    c.  c.  =  15   Til. 

Alo€  (U.S.  P..  B.  P.).— The  inspissated  juice  of  the  leaves  of  Aloe 
vera  {Barbadoes  or  Curasao  Aloes.  Island  of  Barbadoes  M  :  Ahe  Per- 
ryi  (Socotritie  Ahes.  Eastern  .Africa)  ;  Aloe  Chinensis.  and  other  spe- 
cies of  Aloe.  Liliacex.  Numerous  varieties  arc  on  the  market,  pro- 
duced from  different  species  and  by  different  processes  of  man\ifactnre. 
The  Barbadoes  and  Soc'>trinc  art  the  most  valuable.  Aloe  was 
dsed  by  the  Greeks  and  pmhahly  by  the  Egyptians.  The  active  prin- 
ciple, aloin.  differs  in  the  varieties. 

.■Moc  is  partly  soluble  in  water,  completely  soluble  in  s  parts  of 
alcohol. 

The  action  of  aloes  and  aloin  shows  several  pecnliaritici.  In  small 
doses  they  act  as  stomachics.  Their  cathartic  action  is  greatly  aided 
by  bile,  so  that  they  may  have  vcrj-  little  effect  in  obstructive  icterus. 
They  occasion  but  little  colic.  On  account  nf  the  intensely  bitter  taste, 
they  are  best  given  in  the  form  of  pills.  They  produce  a  compara- 
tively strong  congestion  nf  ihr  pelvic  organs,  and  arc  therefore 
cmmcnagoguc.  This  action  forms  a  contraindication  to  their  use  in 
pregnancy,  or  when  there  are  hemnrrhoids.  They  are  most  useful  in 
clironic  constipation  in  middle  life.  The  action  is  aided  by  alkalies 
and   iron. 

Dose:  0.03  to  0.06  Gm.  (14  to  to  grs.).  (0.2s  Gm.  =  4  grains,  U  S.P.). 

When  injected  bypodemiically.  aloin  causes  a  tubular  nephritis.* 
The  anatomic  lesions  in  rabbits  have  been  Investigated  especially  by 
Kfiirset    (1885):   they   are   practically   the   same  in   acute   and   chronic 
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'  Alof  i«  no  longer  exported  from  Barbadoes.  Thi«  variety  11  probably  grown 
in  the  islnnd  of  St.  Vincent.  For  thr  natural  history  of  commercial  aioca  see 
^\'ilbert.    1903. 

*  Ejtercifc    jj. 
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poisoning,  and  consist  mainly  in  degeneration  of  the  epilhelium  of 
the  convoluted  lubules.  This  loses  its  striations  and  staining  quali- 
ties, and  the  nuclei  disappear.  The  glomerular  epilhelium  w  bat 
slightly  altered,  and  the  glomcrnlar  ve<;sels  show  no  lesions.  Tlir 
urine  may  be  increased  or  dimini'.hed  and  contains  proicids,  leuco- 
cytes, casts,  crystals,  and  blood. 
Prffiarathns: 

Aloe  purificata. —  Aloes  softened  by  heating  and  addition  of  alcohol, 
strained  and  dried.  This  is  the  form  which  enters  into  most  of  tlw 
pills.     Dnse  as   for   .Aloes    (0.25  Gm.^4  grs.,  U.  S.  P.). 

Extractum  Aloes   cU.  S.  P.}    [ Barbadensis,   B.  P.I.— A  dried 

watery  extract.    Dose:  0.03  to  o^  Gm.  (VS  to  3  grains)   (0.125  Gm.= 
2  grs..  U.S.  P.). 

Tuutura  Aloes.— Ucot\cc  (U.  S.  P..  10%:  B.  P..  2.5%);  \^  alcohol. 
Dose:   1  to  4  c.  c.   (^4  to  1  drachm)    (2  c.  c.  =  30  tit,  U.  S.  P.). 

Tinclura  Aloes  et  Myrrhtc  (U.S.  P.). —  10%  each.  licorice,  three 
fourths  alcohol.     Dose:  2  c  c.  =  30  n^,  U  S.  P. 

Dccochon  Aloes  Composiium  (B.  P.).— H^  of  E.Ktract  of  Alock 
with  Alyrrh,  Pot.  Carbonate,  and  Aromatics.  Dose:  15  to  30  c  c  (W 
to  I  oz. ). 

Aloes  enters  into  a  large  nnmber  of  pills,  usually  in  combinatton 
with  some  carminative.  Besides  those  enumerated  here,  into  Pil 
Cathart.  Co.,  Rhci  Co.,  etc.  It  is  also  the  chief  ingredient  of  vfry 
many  proprietary   pills. 

In  the  following  V.  S.  Pills,  only  the  content  of  Aloes  will  hegtvwi; 
the  dose  is  one  to  four: 

PUula  Aloes:  0.13  Gm.   (2  grains). 

Pilulip  Aloes  et  Fcrri:  0.07   (i  grain). 

Pilultr  Aloes  ct  Mastiebes  (Lady  Webster's  Dinner  Pill):  aij  *' 
grains). 

Pilultr  Aloes  et  Myrrhcr:  0.13   (2  grains). 

The  follrtwing  B,  P.  Pills  are  oflkial  (the  Dose  is  aas  to  05  Gra.- 
4  to  8  grains) : 

Pilula  Aloes  Barbadensis:  50%. 

Pilula  Aloes  et  Ferri:  20%  Aloes,  10%  Iron  Sulphate 

Pilula  Aloes  Socotrina-:  50%. 

Pil.  Aloes  ei  Asaftvlida:  25%  each. 

Pil.  Aloes  et   Mvrrlur:  45%    Aloes.  25%    Myrrh. 

Aloinum  (U.S.  P..  B.P. ).~Aloin  is  usually  BarbaJoin,  hut  $on«" 
times  Socaloin.  It  is  soluble  in  65  parts  of  water  or  li  part^JJ^ 
alcohol.  Dose:  0.03  to  o.t2  Gm.  (!4  to  2  grains)  (ao65  Gm.  =  *  P" 
U.S.  P.).  .        .  .      ,^4- 

The  usual  crystalline  aloin   itself  is  probably  inactive,  but  is  ^**^tL 
converted  in  the  intestine  into  the  active  amorphous  modification. 
eflfect  is  less  satisfactory  than  that  of  Aloes,  ^ 

PitultF    Laxatiitr    Compositir     (U.S.  P.)     (Aloin,    Belladonna.      *^ 
Strychnin    Pills).— Each   contains:     Aloin.    13   nig.    (>i   er  ) ;   St<T^*Jj-, 
nin,  0.5  mg.  (Via  9.x.) :  Extr.  Belladonn..  8  mg.  (M  gr.)  ;  Ipecac..  A  ^^^ 
(7i-  gr).     Dose:  Two  pills.  ^ 

*  Purgatin  (Diacetyl  ester  of  Anihrapnrpm"in). —  A  synthetic  ^^ 
pound  of  the  emodin  group,  with  actions  resembling  aloin.  has  »f '  ' 
liecn  subjected  to  sufficient  clinical  tests.  Dosf:  0.5  to  1  Gm.  (7  C-*^ 
grains). 

(C)   Group  of  Anhydrids. —  Although  the  consiitutior» 
these  principles  is  not  at  all  understood,  their  chemic 
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actions,  as  well  as  their  physiologic  effects,  show  so  many 
points  of  similarity  as  to  cause  llieni  to  be  placed  in  one 
group. 

The  active  principles  arc  for  liic  most  part  resinous  (i.  e.,  soluble 
in  alcohol,  but  slightly  soluble  in  water),  often  glucosids,  and  on 
chcmic  manipulation  (.probably  hydration}  they  yield  acids.  The  Ut- 
ter are  mucli  less  active. 

It  is  characteristic  of  these  principles  that  they  are  not  as 
effective  it^iicn  given  pure  as  when  they  are  mixed  with 
some  extractive,  as  in  the  crude  drujrs  and  "  resins  ''  (alco- 
holic extracts  precipitated  l>y  water),  or  as  preparations  of 
the  crude  drug.  This  is  due.  in  some  cases,  tn  their  heing" 
somewhat  soluhle.  and  therefore  absorbed  in  the  stomach. 

All  of  the  members  of  this  group  require  the  presence  of 
bile,  presumably  to  render  them  soluble.  Their  action  seems 
to  be  largely  [)eripheral,  ii>v  it  occurs  after  the  section  of  the 
splanchnics  and  vagi. 

The  drugs  of  this  series  are  generally  uutch  more  irritant 
than  the  anthracene  derivatives.  They  belong  to  the  drastic 
or  hydra^oguc  cathartics.  It  is  difficult  to  limit  their  action 
sufficiently  to  make  them  useful  as  aperients,  and  they  are 
only  employed  when  very  active  catharsis  is  essential  They 
should  be  avoided  with  children.  The  principal  ones  are 
the  following: 

Jalaps  (U.S.  P.,  B.  P.). —  Jalaf*. —  The  tuberous  root  of  Iffom^a 
Jaiapa.  Convolvulaceae.  Eastern  Mexico.  Acthe  principles:  Con- 
volvulin  and  Jalapin.  Assayed  for  resin.  Dose:  0.3  to  i  Gm.  (5  to  15 
Srains)    (i  Gm.  =  15  prs.,  U.  S.  P.). 

Jalap  acts  in  about  three  hours.    It  is  often  given  with  calomel. 
preparations: 

Resina  Jalapte  (U.  S.  P.,  B.  P.). —  Extraction  with  alcohol  and  pre- 
cipitation of  the  resin  with  water.  Dose:  0.06  to  0.3  Gm.  (i  to  5 
grains)   (O-iZ"!  Gm.^2  grs..  U.S.  P."). 

Putt'is  Jalapcp  Compositus  (U.S.  P.,  B.  P.).— Jalap  t.  Pot.  Bitar- 
trate  2.  Dose:  i  to  4  Gm.  (.'4  to  I  drachm)  (2  Cm. ^30  grs., 
U.S.  P.). 

Tinctura  /alap<p  (B.  P.).— 20%.  Three-fourths  alcohol  Dose:  2 
to  4  c.  c.  C^  to  I  drachm). 

Scammonium  (U.S.  P.,  B.  P.). —  Scammony. —  A  gum-resinons  cx- 
tidation  frnm  the  living  root  of  Convolvulus  ScammoTtia.  ConvoWu- 
laccic.  Western  Asia.  Aclii'e  principle:  Jalapin.  Dose:  0.3  to  I  Gm. 
(S  to  15  grains)    (0.25  Gm.  =  4  grs.,  U.S.  P.). 

I^reparatioHs: 

Resina  Scanimonii  (U.  S.  P.,  B.  P.). —  Extraction  with  alcohol  and 
precipitation  of  the  resin  with  water.  Dose:  0.2  Cm.  =  3  grs., 
JJ.  S.  P. 
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Pilula  Scatnttioni;  Cowposita  (B.  P.). —  Contains  Ginger  DosfOJ^ 
to  0.5  Gm.    (4  to  8  grains). 

Fulvis  ScowmoHii  Comfositus  (B.  P.). —  Coniains  Ginger.  Dcu 
06  to  T..^  Gni.   <  10  to  ^  grains). 

Podophyllum  (U.  S.  P.,  B.  P.).— May  At>pU,  Mandrake '—Va  rhh 
zome  and  roots  of  Poiio^hyllum  peltatum,  Berberide*  North  Antrr- 
jca.  Acliir  frmciptcs:  Pwlupliylloltixm  and  Picropoduphyllm  Oo^f 
03  10  1.2  Gill.  (5  10  20  grains)    (0.5  Gm.  =7!.-^  grs.,  U.  S  P  ». 

The   active  principles   do    not   exist    in    the    fresh    root,  but  ilcwlo? 
on  drying  and  storing;  best  after  two  years. 
Prcparatioiu: 

fiuidextractum  Podopkylti  ( U.  S.  P. ) .— Made  with  four-6fdM  alco- 
hol. Dose:  0.3  to  1.2  c.  c.  (5  to  20  Tninims)  (os  cc^S  ^ 
U.S.  R). 

Rcsina  PadophylU  (U.  S.  P  .  B.  P  ).— *  Podophylliit. )—  By  exti^ 
lion  with  alcohol  and  "precipitation  of  the  resin  by  water.  Dose:  oo* 
lo  0.03  Gni.  (J^  to  i^  K*"**")-  (As  laxative,  5  tng.  =  */••  gr.  M  P"^' 
live.   15  mg.  =  J.i  cr..  U.S.  P.) 

Pilula-  Podophytli.  Bdhd.  ft  Capsic  (U.  S.  P.V— Each  pdU«J: 
tains:  Resin  Podophyl!.,  16  mg.  =  ]i  gr. ;  Ext.  HcUad.,  8  mg.^^ 
gr  ;   Capsicum.    ^2  mg.=  '/j   gr.     Dost:    One  piII. 

Colocynthis   (U.S.  P.)    fColocynthidis  Pulpa.   B.  P.]  —  Biftrf  ,-^^' 
pic. —  The   fniit   of  CitruUtts  Ci'luiynthis,  Cucnrbitacear.     Asia,  Ai''*^ 
Greece,    and    Spain,     ytctivc    principle:    Colocynthin.     The    dceo(tip*'*J' 
tion    product   of   this    glucosid  —  colocynihein  —  is    aho   active.    t><'* 
0.065  Gm.  =  I   gr. 
preparations: 

Extnictum    Coiocynthidis    (IV  S.  P.). —  Made    with    ont-lia!f  »l<r 
Powdered.     Dose:  O.03  to  0.1  Gm.   iVj  to  j  grains)    {.v>  mg.^K* 

U.rtrarium    Cnhcyuthidis    Compositurt    (C.  S.  P,    B   P.  I — Cof* 
Colocynih,  Aloes.  Scammony.  Cardamom,  and  Soap.     DoJtt:  OJ 
Gm.    <5  10  15  grains)    (0.5  Gin.  =  7^2  grs.). 

Pii.  Coiocynthidis  Composita  (B.  P.). —  Contains  the  same  acti 
gredients  as  the  Pulvis.     Dose:  0.25  to  0.5  Gm.    (4  lo  8  gram?). 

PituUe  Coihartictr  Composita  (U.  S.  P). —  Each  pill  contains: 

Gmams.  GaiAtNS. 
Compound    Exir.    Colocynth.    ...        0,08  \% 

Calomel     006  t 

Extract    Jalap    ► 002  J^ 

Gamboge    ...  0015  % 

Dose:  One  to  (our. 

Pxlultc  Cathartica  Vegeiabiles  (U.  S.  P)  — Each  pill  conUtm: 

Compound    Extr    Co1f»cynlh. .. . .  006  1 

Extract   of  Hyoscyamus aoj  V^ 

E.xiract    of   Jalap 0.03  ^ 

Extract    of    F.<pt.Tndr.T    ..  0015  M 

Extract    of    Podophyllnni  aoi*;  M 

Oil   of    Peppcmiint. .  .  .aoo6  H 

Dose:  One  to  four 

Elaterinum  (U.  S.  P„  B.  P.).— .A  neutral  principle  obtauK^  p 
liliuerium  (B.  P.).  a  substance  dccosited  by  the  iixice  of  the  fmi^ 
Ecballium    Elatcrium    (Squirting   Cucnmbcr).   Cncurbitacear     We»t 

'The  name  "  Mandrike  **  is  alsn  applied  to  MiDdrtsenu  wfckh  bdonfft  «i 
a  tropin    KriMip. 

Study   Materia   Medics  f.n«on    16. 


CATHARTIC    RESINS. 


735 


cultivated.    Dose 
gr,  U.S.  P.). 


0.003 


ao3  to  0.06  Gm.  CV^ 
Sugar    of    Milk. 


Asia,  Northern  Africa  and  Southern  Europe: 
to  0.005  Gm.  V/u  to  Vu  grain)  ts  mg.  "/is 
Pret»aratiotis. 

Triturafio  FJatcrini  (U.S.  P.). —  I  :  10.  Dos€ 
to  I   grain)    (30  mg.  =  H  gr-.  U.S.  P.). 

Pnlvis    Ehtcrini    Compositus     (B.  P. ). —  i  ;  40    in 
Dose:  0.06  to  0.J5  Gm.   (^1  to  4  grains). 

*  Bryonia. —  The  root  of  Bryonia  alba  and  of  B.  dioUa.  Cucurbi- 
taccar.  Central  ;ind  Soiilhcrii  Europe.  Active  principles:  The  gluco- 
sids  ttryonin  and  Bryonidin.     Dose:  0.6  to  4.0  Gm.   Uo  to  60  grains). 

CambogU  (U.S.  P.,  H.  P, ). —  Gamboge. —  .X  gum  resin  obtained 
from  Garcinia  Hanburii.  Guttiferar.  Anain,  Camboja.  and  Siam. 
Actize  principle:  Gambogic  Acid.  Since  this  is  fairly  soluble,  even 
the  gum-re<in  is  irritant  to  the  stomach,  so  that  it  should  always  1« 
given  in  pill  form.  Dose:  0.06  to  0.3  Gm.  (i  to  5  grains)  (0.125  Gm. 
=  2  grs..  U.S.  P.). 

Pilula  Gambogiet  Composita  (B.  P.). —  Contains  Aloes.  Dost:  0.2S 
to  0.5  Gm.   (4  to  8  grains). 

Leptandra    (U.S.  P.). —  Culvers  Root. —  The  rhi/ome  and   roots  of 
retotiica    I'irgimea.     Scrophulariacea?.     United    States.    Active   princi- 
pU:     The  glucosid   Leplandrin. 
preparations: 

Extraclum  Leptandra-  (U.S.  P.). —  >rade  with  three-fourths  alcohol. 
Powdered.     Dose:  0.25   Gm.  ^4  grs.,   U.  S.  P. 

Fluidextraetum  Leptandra:  (  U.  S.  P. ).— Made  with  three- fourths  al- 
cohol.    Dose:   i  jto  4  c.  c.   (J4  to  i  drachm)    (r  c.c.^^is  n\,  U.S.  P.). 

*  Iri». —  Blue  tlag.  The  rhizome  and  roots  of  Iris  versicolor.  Iride;e. 
North   America.    Active   principle    not   well    known.     Dose:    I    Gm.= 

15  grs- 

Stillingia  (U.S.  P.).— Queen's  /?oo/.— Tlie  root  of  St.  sylvatica 
Euphorbi;iceae.  Southern  United  Stiles.  Active  principle-  pungent 
resin,  tixc;!  and  volatile  oils.  Used  mainly  in  domestic  medicine,  in 
purgative  mixtures;  also  as  nanseant  and  emetic.  Dose:  2  Gm.  =  .v> 
grs.,  U.  S  P. 

Fluidextraetum  StiUingiae.  (U.S.  P.). —  Diluted  alcohol.  Dose* 
2  c  c  =.V)  Ti]..,  U.  S.  P. 

*  Jugtant.— Rut temut — The  root-bark  of  /. 
North  America.  To  be  collected  in  autunan. 
Juglandis  as  a  rather  mild  laxalivc,  in  doses  of 
grains)   of  the  extract. 


cinerea.  Juplandace». 

Used    as    Extractum 

I  to  2  Gm.   (15  to  30 


(D)   SUMMARY  OF  CATHARTICS. 

Cathartics  or  Evacuants  are  drugs  which  cause  an  increase  in  peri- 
stalsis. 

I.   MANNER  OF  ACTION. 

The  intestines  arc  to  some  extent  i!nder  the  control  of  the  central 
nervous  system;  e.  g..  a  sudden  fright  may  cause  evacuation  of  the 
bowels;  melancholia  is  frequently  the  cause  of  constipation.  How- 
ever, this  central  influence  U  quite  exceptional,  nnrl  rannnt  be  ntili/ed 
therapeutically,  except  in  so  far  as  regulation  cif  the  bowels  by  habit 
is  concerned.     All  the  remedial  measures  depend  upon  local  actions. 

Pharmacologically,  these  may  be  divided  into:  (a)  Measures  which 
produce  peristalsis  by  directly  stimulating  the  efferent  nerve-muscle 
chain:  (b)  measures  which  produce  peristalsis  reHexly  in  virtue 
of  an  irritation,  or  hy  swelling  the  volume  of  the  intestinal  contents. 
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The  former  (a)  comprise  the  alkaloids  physoscigmin*  pilocarpin,  etc 
They  are  not  useful  in  practice. 


11.  CLASSIFICATION. 

Before  taking  up  the  practically  used  cathartics  in  detail. 
it  may  be  well  to  classify  them  according  to  their  clinical 
characters;  ;.  t\,  mainly  by  the  strength  of  their  action. 

Such  a  classification  x?,  by  no  means  isharp,  for  the  same  drug  may 
belong  to  different  groups,  according  to  the  amount  used,  and  accord- 
ing to  other  conditions.  The  classification  is  rendered  still  more 
complicated  by  the  fact  that  different  authors  do  not  use  the  «fnc 
nomenclature,  but  often  apply  the  same  term  to  very  different  ac- 
tions. 

The  following  table  gives  what  is  probably  the  most  use- 
ful clhiical  classification: 

1.  Laxatives  or  Aperients:  Those  which  increase  peris- 
talsis oniy  moderately,  producing  somewhat  more  frequent 
stools,  of  almost  nf>nnal  consistency.  an<l  this  without  caus- 
ing notable  irritation.  They  are  active  in  doses  of  lo  Gm. 
or  over: 

Fruits,  Manna»  Honey,  etc.;  mechanical  means  (massage, 
charcoal,  electricity,  etc.)  :  Sulphur.  Magnesia.  Carmina- 
tives. Bland  Oils  (Olive.  Cotton-seed,  Linseed,  etc.). 

(Small  doses  of  Cascara,  Senna,  Castor  Oil.  Rhubarb. 
and  Ipecac  are  also  laxative.) 

2.  Purgatives:  Those  which  increase  peristalsis  actively. 
causing  frequent  semi-fluid  stools. 

(A)  Simple  Purgatives:  Active  in  doses  of  0.2  to  1  Gm. 
These  cause  considerable  colic  atul  irritation: 

Aloes.  Rhubarb,  Senna.  Cascara,  Castor  Oil,  Bile,  Calo- 
mel, small  doses  of  drastics. 

(B)  Saline  Purgatives:  Active  in  doses  of  abiut  10  Gnv 
Rather  profuse,  watery  stools,  with  practically  no  irritation 
or  griping : 

Sulphate  of  Sodium  or  Mas^nesium.  Sodium  Phosphate. 
Magnesium  Citrate.  Potassium  Bitartrate.  Rochelle  Salt 
etc. 

3.  Drastics:  Produce  watery  stools,  with  much  irritation. 
iLarge  doses  are  apt  to  set  up  an  enteritis.  Active  in  doses 
of  less  than  o.i  Gm. : 

Elaterium.  Colocynth.  Jalap,  Scammony.  Gamboge,  Po- 
dophyllin.  Croton  Oil,  the  stronger  Mercurials,  and  Antl- 
mony  Sulphid. 
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The  drastics  and  salines  are  called  hydragogucs,  since 
they  remove  miicli  fluid. 

4.  Those  which  quicken  peristalsis  particularly  in  the  duo 
denum  remove  bile  from  the  intestine  by  lessening  its  real> 
soqjtion  and  constitute  the  clinical  class  of  choiagogiies  ( see 
below).  This  comprises  Aloes.  Rhubarb.  Mercurials.  Podo- 
phyllin,  Euonymin,  Sod.  Salicylate  or  Phosphate,  Acid. 
Nitrohydrochlor.  Dilut.,  Bile. 

III.    LAXATIVE   MEASURES. 

This   division  includes  those  measures  which   increase  the   bulk  of 
\       the  intestinal  contents;  those  which  act  as  mechanical  irritants;  phys- 
ical measures;  enemata;  sulphur  and  magnesia. 

<A)  Subitances  Used  to  Increase  the  Bulk  of  the  Intestinal 
Contents: 

I  Liquid:     Water  (direct  or  indirect).     Oils. 

I  Solids :     Indigestible  food  or  insoluble  medicines. 

Large  quantities  of  pure  water  may  be  given  for  this  purpose,  but 
this  will  be  more  effective  in  the  shape  of  carbonated  drinks  —  soda- 
I       water,  etc.    Lemonade  acts  partly  hy  its  acid.    These  liquids  are  more 
effectual  if  taken  cold,  since  cold  in  itself  stimulates  peristalsis.  (Water 
should   not  be  taken  in  the   form  of   liquids  containing  tannin  —  such 
'       as   tea   or   red   wines.)     Water   may   also   be   introduced    in   the    form 
of  succulent   vegetables   and    fruils  —  apples,    tom;»toes,   melons,   etc. — 
which,  however,  act  in  part  like  other  fruits,  by  their  pectin,  acid,  etc. 
I  The  liquid  in  the  intestines  may  be  increased  indirectly  by  prevent- 

ing its  absorption  through  the  use  of  salts. 

The    bland,    fatty   oils,    in    quantities    larger   than    can    be    digested, 
form   very   efficient    laxatives.     They  can,   however,  only   be   taken  by 
patients  with  good  digestion. 
The  same  holds  of  indigestible  food. 
I  Constipation  is  very  often  caused  by  deficiency  in  the  indigestible  por- 

I  tion  of  the  diet  It  is  a  mistake  to  suppose  that  a  diet  which  is 
entirely  digested  and  absorbed  is  the  best.  Animals,  for  example,  are 
entirely  unable  to  subsist  on  such  food,  and  in  feeding-experiments 
it  is  frequently  necessary  to  add  cellulose  tn  the  form  of  frlter-paper 
to  maintain  them  in  good  condition.  The  functionation  of  the  intes- 
tine is  necessary  to  the  organism :  perhaps  in  effecting  the  removal  of 
bile  and  other  toxic  products  formed  in  the  body,  as  well  as  of  the 
toxins  generated  in  the  intestine  hy  bacteria. 

Cases  of  constipation  arising  from  this  cause  may,  of  course,  be  at 
once  benefited  by  a  change  of  the  diet  to  one  containing  more  indi- 
gestible material,  such  a^  many  vegetables  rich  in  cellulose.  The  de- 
sirable limit  may  readily  be  exceeded. 

Of  medicinal  agents  which  act  in  this  way,  Afanna  may  be  men- 
tioned. 

Manna  (U.  S.  P.). —  A  concrete  saccharine  exudation  from  Fraxinus 
Omus.  Oleaceae.  Mediterranean  coast.  The  chief  constituents  are 
Mannit  (go%).  Glucose.  Fraxin.  Mucilage,  Resin.  Dose:  15  to  60 
Gm.  ("Vi  to  2  ozs)   (16  Gm.  =  |/2  5,  U.S.  P.)  as  infusion. 

(B)   This  class  borders  closely  on   the  mechanical   Irritants,   since 
the  distention  of  the  bowels  constitutes  in  itself  a  source  of  mechanical 
irritation.    However,  the  irritation  is  increased  when  the  indigestible 
1—47 


738 


IRRITANTS   OF   ALIMENTARY    CANAL.      CH.  XXX. 


particles  arc  sharp  or  gritty,  as  the  seeds  of  fruit  (strawberries.  (i|K 
etc.)  or  as  the  husks  of  grain  (oatmeal). 

fruits,  fresh  or  stewed,  are  generally  laxative.  They  act  in  [wrt  bjr 
the  water  which  they  coniain;  partly  hy  the  oon-absorbahle  ptcua 
substances  which  swell  the  bulk  of  the  feces;  partly  by  acid  ulQ 
which  exert  a  chcmic  irritation;  partly  by  their  sugar,  which  acli,  by 
osmosis,  like  a  saline  cathartic. 

Charcoal  acts  purely  mechanically. 

Carbo  Ugni  (U.S.  P.,  B.PJ.—  iVood  Charcoal— Mz^e  by  bcitmi 
wood  without  access  of  air.  Dose:  i  to  4  Gm.  (15  to  60  ffraioii  (i 
Gm.=  i5  grs..  U.S.  P.). 

The  absorbent  character  of  charcoal  makes  it  useful  as  an  aniidot* 
to  many  poisons,  and  in  fermentative  dyspepsia. 

Carho  Animaiis  (U.S.  P.),  Animal  Charcoal  (Bone-black),  is  used 
for  decolorizing. 

Carbo  Animalis  Purificatus  f  U.  S.  P.)  has  been  exhausted  with  HO* 
and  may  be  used  in  acid  liquids  for  the  same  purpose. 

(C)  Of  physical  measures  which  have  a  laxative  effect  any  ^ 
mentioned  massage,  moderaie  exercise,  all  kinds  of  cold  boifu,  or  f iff- 
tricity. 

The  latter  may  be  applied  by  laying  a  large  electrode  on  the  abdo- 
men and  cnnnecling  another  to  the  rectal  tube,  through  which  »' 
solution  is  flowing  into  the  intestine.  In  this  way  the  sumulation  ew- 
ers the  greatest  area. 

(D)  Enemata  (clysters)  are  injections  into  the  rectum.  Any  dis- 
tention of  the  rectum  will  set  up  f^eristtiltic  contraction  in  thi?  ofp«- 
and  stimulate  rcflcxiy  even  the  higher  portions  of  the  intestine  P«fJ 
water  will  suffice  for  this,  but  the  effect  will,  of  course,  be  greater  If 
some  irritant  is  added. 

To  secure  the  maximum  motor  effect,  the  injection  must  bt  oKd 
cold,  and  in  fairly  large  quantity:  Adults  a  pint,  quart,  or  nor^' 
children  according  to  age  (at  a  year,  an  ounce,  and  about  M  "W^ 
more  for  each  year).  Water  and  bland  oils  arc  also  often  used  Vf 
high   injection. 

The  irritants  which  are  most  commonly  used  in  clysters  are:  S<^ 
castor  oil,  or  molasses,  1  ;8;  salt,  1  :  16;  turpentine,  1  :  20  (eniubiwn 
with  egg-yolk). 

Pure  Glycerin,  which  is  mildly  irritant  by  withdrawing  wato  '^ 
the  tissues,  is  sometimes  injected  into  the  rectum,  in  dosrs  of  ^  W  ' 
Gm.  (i^  to  Ij.^  teaspoonful).  Peristalsis  sets  tn  in  a  few  minot* 
The  injection  is  painless  if  there  arc  no  abrasions.  It  may  al«  « 
given  as : 

Suppositoria  Glyceriiti  (U.  S.  P.),— Each  contains  3  Gm.  U5  *"-' 
made  with  sodium  stearate.  . 

Knemata  have  an  advantage  over,  cathartics  taken  by  otooth.  » 
that  they  may  be  made  absolutely  non-irritant,  and  may  thcrcfi^  ^ 
used  in  conditions  in  which  the  other  cathartics  are  positively  contw* 
indicated.     On  the  other  hand,  they  soon  lose  their  efllicicncy 

H  the  purpose  of  the  enema  be  merely  to  soften  t%ardcned  scy^^ 
they  would  be  used  warm,  in  copious  quantities,  preferably  with  so*?' 
or  as  decoctions  of  mucilaginous  substances. 

Enemata  also  have  other  uses:  For  heat  effects  on  the  rrttil  *»■' 
COU5  membrane  (astringents,  etc.);  for  the  remm-at  of  pamsit/t  f"** 
p.  746)  ;  and  as  a  method  of  introducing  medicine  and  Ui-mrvh*^ 
(see  p.   133)  ^ 

The  dose  of  medicines  per  rectum  is  generallv  .nbr.nt  twicr  a*  W" 
as  by  mouth. 
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'or  local  effects  the  astringents  are  used  in  the  same  strength  as 
on  other  mucous  membranes  (sec  p.  Oga).  When  the  injection  is  to 
be  retained,  it  must  be  small  in  amount,  warm,  and  non-irritant. 
(The  irritaOon  may  be  diminished  by  the  addition  of  boiled  storch.) 


^V\ 


IV.    IRRITANT    CATHARTICS. 


hilst  the  number  of  substances  which  may  irritate  the  intestine 
is  very  great,  those  which  can  be  employed  in  practice  as  cathartics 
arc  rather  limited,  lor  various  reasons. 

.-In  ideal  catharttc  shouid  produce  profuje  and  soft,  but  not  too  nu- 
merous evacuations,  without  pain,  tenesmus,  or  nausea,  and  without 
tecz'ing  any  tendency  to  constipation. 

Irritants  which  cause  a  marked  irritation  of  the  stomach  are  ex- 
cluded altogether.  This  is  one  reason  why  the  pure  principles  arc  not 
ctnployrd.  As  has  been  said,  these  are  nsuallv  protected  by  colloids 
in  the  preparations  made  from  crude  drugs.  The  cathartics  in  ordi- 
nary use  are  so  chosen  that  thc^  cause  little  or  no  gastric  disturbance 
in  individuals  with  healthy  digestion.  However,  when  this  is  im- 
paired, it  may  be  necessary  to  administer  them  in  "intestinal  capsules" 
(see  p.  68). 

AH  those  which  have  a  fairly  strong  action  cause  considerable  coUc 
or  tenesmus.  This  is  the  necessary  accompaniment  of  a  violent  peri- 
italsis,  and  if  the  latter  is  desired,  the  former  must  he  taken  into  the 
bargain.  All  that  the  physician  can  do  is  to  inform  the  patient  that 
it  is  a  sign  that  the  medicine  is  doing  its  work.  The  griping  may, 
however,  be  excessive,  in  which  case  it  can  be  corrected  by  the  addi- 
fton  of  a  carminative. 

The  tendency  to  congestion  of  the  pelvic  organs  is  also  a  necessary 
con«equcnce  of  intestinal  irritation.  Where  this  is  strongly  contra- 
indicated,  the  non-irritant   salines,  or  enemata,  must  be  used. 

All  irritant  cathartics  leave  a  tendency  to  constipation,  which  may 
become  ver>'  annoying,  especially  when  they  are  used  habitually.     This 

(seen  especially  with  rhubarb,  less  with  senna  or  cascara.     It  is  not 
)tn  serious,  and  rarely  necessitates  an  increase  in  the  dose. 
rhe    mercurial    purgatives   produce   a    tendency    to    nephritis,   which 
■traindicates  their  continued  use. 
Hic   intestinal    irritants   may  be   divided   into  mechanical,   vegetablCr 
d   mineral-     The   first   have   licen  summarized  on   page   737. 
The  special  uses  of  the  various  vegetable  cathartics  have  been  partly 
issed  in  the  preceding  sections,  and  will   receive  further  mention 
the  following. 

tlseral  Irritants: 

\eidj. —  It  will   he  remembered  that  free  acids  cannot  be   employed 
this  purpose,  since  they  do  not  reach  the  intestine.     Practically  the 
form  is  as  Cream  of  Tartar,  which  acts  largely  as  a  saline. 
"iolines  —  See  page  540. 
Sulphur  merely  wiftens  the  stools,  and  is  therefore  particularly  use- 
ful  in  piles   (see  page  673). 

Of  meuls,  mercury  is  the  only  one  which  is  useful.  It  is  best  given 
^^calomel,  together  with  a  vegetable  irritant,  to  insure  its  prompt  ex- 
^■kion    (see  page  683). 

HBe^Tral  alkaloids,  whilst  not  themselves  cathartic,  are  often  useful 
TTi  thas  connection. 

Belladonna  and  Morphin,  especially  the  former,  relieve  spasm  from 
Ove^^timulation  of  the  intestine,  and  are  therefore  useful  in  constipa- 
tion as  the  result  of  intestinal  spasm  Head  cnlic).  Belladonna  al<to 
Serves  to  regulate  the  irritant  action  of  the  vegetable  cathartics,  and 
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in  this  way  lessens  griping  (Aloin,  Belladonna,  and  Strychnin  (vk 
p.  7J2)  is  quite  a  favurilc  preparation;  the  role  of  the  Strychnin  a  nOC 
understood.) 

V.   ACTION  OF  DRUGS  ON   THE   BILE. 

The  important  functions  of  bile  in  digestion,  absorption,  and  peri- 
stalsis would  make  it  very  desirable  to  dispose  over  a  class  of  prq>- 
aiations  which  would  influence  bile-secretion.  Startrng  from  the  ot»- 
scrvation  that  the  stools  after  certain  cathartics  have  a  darker  or 
greenish  color,  the  older  therapeutists  referred  this  to  an  incrtatni 
secretion  of  bile,  and  distingiushed  these  substances  as  chffla^ogma  — 
remedies  which  increa^  the  flow  of  bile.  When  these  were  iubjcctd 
to  physiologic  experimentation  on  animals  with  biliary  fidttulae,  the 
results  were  at  first  contradictory,  owing  to  the  fart  that  the  flow  o4 
bile  shows  considerable  variations  naturally,  and  these  obserYaboO* 
did  not  extend  over  a  sufficient  time  to  eliminate  this  factor.  Rcctrt 
unobjectionable  experiments  have  finally  settled  lljis  question.  Acwrf* 
ing  to  these,  the  only  true  cholagogues,  increasing  both  the  volume  ot 
bile  and  the  absolute  quantity  of  bile-^ahs,  arc  bile  and  salicylatn, 
especially  the  former.     (PfafT  and  Balch). 

For  this  purpose,  dried  ox-bile  may  be  ffiven,  two  pills  contaifliDI 
0.25  Gm.  each,  three  times  a  day.  preferably  coated  with  salol 

Bile  salts  liavc  a  typical  digitalis  action  on  the  heart. 

The  action  of  salicylates  is  quite  small,  and  they  must  be  wA  in 
doses  of  S  Gm.  per  day. 

Fcl  Boris  (U.  S.  P.V— Oj'-iffl//.— The  fresh  bile  of  the  ox 

Fel  Bui'is  Purificalum  (U.  S.  P,.  B.  P.).— Ox-gall  evaporated  «*» 
addition  of  alcohol.     PoSf-  0.5  Gm.  =  7l.^  grs  ,   U.S.  P. 

The  other  drugs  formerly  classed  as  *'  cholagogues  "—  mercury  saltv 
the  saline  and  drastic  purges  —  arc  simply  active  cathartics  or  intiitf- 
tics.  The  dark  color  of  the  stools  is  due  to  their  carrying  the  n^fiMi 
quantity  of  bile  through  the  intestine  without  giving  lime  for  the  IK»- 
mal  change  of  the  bile  pigment  to  the  lighter  fecal  pigwefll:  * 
to  diminution  of  the  bacterial  action  which  causes  this  change.'  Aom 
and  alkalies  arc  also  not  true  cholagogues,  (Levene,  etc..  19'H^'  *j 
though  it  is  conceivable  X)\zi  ihcy  may  cause,  reflexly,  an  croplyit«  ■ 
the  gall-bladder. 

(E)  USE  OF  CATHARTICS.* 

Cathartics  are  perhaps  the  most  ancient  method  of  internal  nif^O" 
tion.  and  were  for  a  long  lime  practically  the  only  mcllio*!  t** 
the  Greeks  used  the  same  word,  ^pttaKtiv,  both  for  internal  (»J^ 
cation  in  general  and  for  the  use  of  cathartics  in  partictilaf  •* 
present  English  word  physic  is  similarly  anpHcd. 

I.  Cathartics  are  still  used  in  many  different  conditions;  nytf  *|^ 
quently,   hnwever,  in   constipation,  particularly   habitual  c<Mi«llp**"^ 

The  consequences  of  habitual  constinalion  need  not  Ix*  gone  '"J** 
this  place.  They  arise  mainly  from  the  absorption  of  toxic  prfw*** 
the  result  otf  bacteria!  putrefactive  processes  going  on  in  the  inie^t^^ 
These  substances  are  by  no  means  uniform,  and  many  h*iT«  f*^ 
been  isolated.  Some  are  toxins,  others  ptomain«.  of  the  """^^ 
scries;  H,S  is  also  poisonou*;  so  is  indof,  the  appearance  of '^'» 
in  the  urine  is  usually  taken  as  an  index  to  this  intestinal  puUtU-l** 
Since  the  greater  number  of  these  products  tend  to  increase  pcnttf* 
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they  are  to  some  extent  their  own  antidotes,  and  arc  perhaps  even 
useful  in  normal  individuals.  They  only  become  objectionable  if  their 
production  exceeds   the  ordinary   linuts. 

The  first  object  in  the  treatment  of  habitual  constipation  is  to  re- 
move the  cause,  if  possible.  This  cause  will  very  frequently  be  found 
in  faulty  fwbits;  irregularity  in  going  to  stool,  in  time  of  eating  or 
quality  of  food,  insufficient  exercise,  etc.  These  must  be  corrected 
if  ihcy  exist,  and  this  will  often  contribute  more  lo  a  cure  than  any 
drugs. 

Another  cause  of  constipation  is  otnny  of  the  intestinal  or  abdominal 
muscles,  either  congenital  or  acquired.  In  these  cases  resort  Should 
first  be  had  to  mechanicaJ  means  —  massage  and  electricity.  If  these 
mechanical  means  are  not  suflicitnl,  or  for  any  reason  cannot  be  ap- 
plied, the  pharmacologic  remedies  are  indicated.  The  latter  are  also 
to  be  used  when  the  cause  of  the  constipation  lies  in  the  fain  from 
hemorrhoids,  or  the  pressure  from  tumors,  or  pregnancy. 

In  using  cathartics  the  rule  should  always  be  to  employ  the  mildest 
remedy  which  will  accomplish  the  result.  One  reason  for  this  is  that 
soft,  not  liquid,  stools  are  desired;  but,  further,  a  "habit"  is  quite 
readily  acquired,  so  that  the  intestines  will  require  stronger  and 
stronger  stimuli,  and  the  usual  cathartics  gradually  lose  their  effi- 
ciency. If  the  treatment  has  been  begun  with  mild  measures,  stronger 
ones  are  left  for  later  use  if  necessary.  The  habitual  use  of  very 
irritant  cathartics  is  also  quite  apt  to  engender  a  chronic  enteritis. 
This  mistake  of  taking  strong  purgatives  continually  is  one  made  only 
too  frequently. 

Perh^s  the  best  cathartics  in  habitual  constipation  arc  those  of 
the  catnartin  group  —  senna,  cascara,  rhubarb,  or  aloes.  There  is 
really  no  objection  to  the  prolonged  use  of  these  mild  cathartics. 

Occasionally  one  encounters  patients  with  just  sufficient  knowledge 
to  lead  them  lo  think  that  the  taking  of  pwrgatives  is  against  nature, 
and  therefore  necessarily  detrimental;  anci  who  will  object  very  seri- 
ously to  using  them.  \VhIIe  this  reasoning  is  very  sound  when  the 
intestines  arc  normal,  it  cannot  stand  when  anything  is  abnormal,  as 
in  the  case  of  atony.  An  atonic  condition  of  the  intestine  requires 
the  habitual  use  of  cathartics,  just  as  an  atonic  condition  of  the 
ciliary  muscle  requires  the  use  of  glasses.  Both  are  harmful  in  health, 
both  are  indicated  in  disease. 

The  time  of  da\  in  which  cathartics  arc  to  be  given  is  determined 
by  the  length  of  time  wliich  they  require  to  produce  their  action. 

The  vegetable  cathartics  or  calomel  require,  with  moderate  doses, 
ten  to  twelve  hours:  larger  doses,  five  hours;  and  the  drastics  may 
even  act  in  three  hours.  The  cathartic  salts  act  more  promptly  —  i.  *., 
in  one  to  three  hours. 

The  rapidity  and  the  extent  of  the  action  arc,  however,  modified  by 
the  condition  of  the  patient.  Larger  doses  are  required  in  constipa- 
tion than  in  health  ;  the  effect  is  more  prompt  if  it  is  made  to  coincide 
with  the  usual  time  of  defecation:  etc. 

It  is  therefore  customary  to  give  the  vegetable  cathartics,  as  also 
calomel,  in  the  evening  before  going  to  bed.  so  that  they  will  act  in 
the  morning.  However,  if  the  constipation  is  the  cause  of  insomnia, 
as  sometimes  happens,  it  is  better  to  give  them  in  the  morning.  The 
cathartic  salts  are  usually  given  in  the  morning,  before  breakfast. 

a.  Purgatives   frequently  lead  to  the  arrest  of  diarrheas. 

This  might  at  first  view  appear  paradoxical.  But  one  need  only 
remember  that  diarrhea  is  a  conservative  process  intended  to  remove 
the  irritant  agent,  and  it  will  be  plain  that,  unless  excessive,  the  em- 
ployment of  a  cathartic  is  simpiv  a  support  of  nature.  One  must  also 
(  remember  that  peri.staltic  impulses  always  travel  in  a  downward  di- 
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rection.  The  irritation  caused  by  a  mass  of  putrcf>-ing  material  nuy 
set  up  quite  a  violent  peristalsis  below  this  point,  while  the  masi  ilidf 
may  be  but  little  alTectetl.  A  cathartic,  on  the  other  hand,  ^lartirQ 
peristalsis  high  in  the  intestine,  wilt  sweep  out  the  mass  and  rcnune 
the  maieries  morbi. 

3.  Cathartics  are  indicated  in  those  infectious  di^ea^C5  in  wb)c^ 
the  scat  of  the  infection  is  in  the  Intestinal  canal.  If  the  bactem 
have  not  yet  penetrated  into  the  tissues,  their  expulsion  .nay  abort 
the  infective  process,  or  will  in  all  cases  diminish  it  Cathartics  arc 
in  this  way  "  intestinal  antiseptic*." 

4.  Cathartics  are  employed  to  remove  poisons  —  bacterial  or  cbeoiic 
—  both  from  the  intestinal  canal  itself  end  from  the  body.  They  iflU 
be  useful  in  preventing  the  further  absorption  of  a  toxic  agcn^  a> 
well  as  the  reabsorption  of  such  poisons  a>  are  excreted  into  tlK  in- 
testine. 

S-  A  further  indication  for  the  use  of  cathartics  is  to  soften  tte 
stools.  This  is  required  in  diseases  of  the  rectum,  especially  befflOf* 
rhoids:  also  to  prevent  any  tendency  to  straining  during  stool  (m 
aneurysm,  or  hernia,  or  tendency  to  apoplexy). 

6.  Another  use  is  in  dropsical  conditions  of  alt  kinds,  to  icflunt 
water  from  the  body.  This  also  affords  relief  to  the  kidneys,  so  iW 
cathartics  may  be  useful  in  ncf>hritis. 

7.  Irritant  cathartics  are  of  value  in  conjcestlons,  especially  of  lh« 
brain,  through  changing  the  distribution  of  the  blood.  Since  ii»0' 
draw  more  bluod  to  ihe  abdomen,  llicy  lower  llic  general  Wo«l- 
pressure. 

8.  Cathartics  are  also  used  to  lower  temperature  in  fever.  Tin 
action  is  not  sufficiently  explained.  They  do  not  afTect  the  patt^ 
temperature. 

Contraindications. —  There  arc  several  contraindications  to  the  wr 
of  cathartics,  especially  to  the  stronger  kinds.  All  inflammatcry  con- 
ditions of  the  abdominal  organs  (peritonitis,  gastn-  -^ttt 
preclude  the  administration  of  intestinal  irritants.  ^ 
menstruation  are  contraindications  to  the  use  of  the  str  -'^^ 
since  the  hyperemia  may  lead  to  abortion  or  excessive  ■  ''^'■' 
General  debility,  tendency  to  collapse,  ilireatened  '^i'" 
orrhagc.  and  toxic  spasm  of  ihc  imcsiine,  are  further  contniin«lu-itn"fl> 

Experience  has  established  which  of  the  cathartics  bc^t  meet  ^ 
special  indications.  In  habitual  consltf'ation.  where  the  nbitrt  i*  to 
produce  the  least  irritation  possible,  rhubarb,  senna,  and  ca*cara  *^f^' 
da  or  aloes  are  chosen.  In  diarrhea,  those  which  produce  large  *» 
waterj'  stools  with  the  minimum  of  irritation  are  prrferred.  1"  '• 
the   saline  cathartics  or  castor  oil.     To  soften   Ih-    •  '^  *  '*"■ 

cncmata  deserve  preference.     For  th*?  remmai  of  I 

the   la-st    would    be   the   saline   cathartics    with    \\.k    ..  , 

senna  or  rhubarb.  For  the  removal  of  poisons  or  ol  otUff  _wo( 
products  from  the  alimentary  canal,  one  would  use  the  most  jcnt" 
the  drastic  purgatives. 

(F)  ANTHELMINTICS.* 

Anthelmintics    {aiiti,   against:    hebttinthos,    worm)  Vt 
remedies  used  against  intestinal  parasites, 

•  Exercise   56. 
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I.  GENERAL  CONSIDERATIONS. 

An  active  jjeristalsis  will  tend  to  remove  intestinal  para- 
sites, as  well  as  the  other  intestinal  contents.  Active  cathar- 
tics are  therefore  necessarily  W^rmifngcs  —  f,  r.,  drug's 
which  expel  parasites.  But  these  parasites,  when  in  good 
condition,  are  endowed  with  remarkable  faculties  of  main- 
taining their  position  in  the  intestines  —  by  traveling  in  the 
direction  opposite  to  peristalsis,  or  by  fixing  themselves  to 
the  intestinal  wall  by  means  of  suckers  or  hooks,  or  by 
their  serrated  margins,  etc.  It  therefore  becomes  necessary 
to  lower  their  vitality.  This  may  be  done  to  some  extent 
by  appropriate  diet.  But  this  is  rarely  sufficient,  and  it  is 
generally  necessary  to  employ  drugs  which  will  paralyze 
them  —  Vermicides.  Since  the  latter  necessarily  present 
some  ilanger  to  the  host  as  well,  it  is  desirable  that  they 
should  be  used  in  the  smallest  doses.  For  this  reason  it  is 
well  to  give  them  their  maximum  efficiency  by  preceding 
them  with  a  course  of  diet  which  lowers  the  resistance  of 
the  parasite  without  affecting  the  host.  The  vermicides  but 
rarely  kill  the  parasites;  these  usually  recover  if  they  re- 
main in  the  intestine.  It  is  therefore  very  necessar>'  to  fol- 
I  low  the  vermicide  by  an  active  cathartic,  usually  a  drop  of 

■  ^  A  limitation  of  the  protcids  of  the  did  is  generally  regarded  as 
injurious  to  the  parasite,  but  care  must  be  taken  not  to  carr>*  this  so 
far  as  to  weaken  the  resistance  of  the  paticnL  Carbr»hyd rates  may  be 
allowed  in  any  amount.  Mechanical  irritants  — vegetables  rich  in 
fiber;  the  seeds  of  strawberries,  blackberries,  or  figs;  the  husks  of 
grain,  etc. —  are  very  useful.  So  arc  "sharp"  articles  of  diet — con- 
diments. especi.illy  those  of  the  mustard  group,  strongly  salted  meat, 
etc.  At  the  time  when  the  vermicide  is  taken,  the  intestinal  canal 
»houId  be  fairly  empty,  so  that  the  parasite  will  not  he  protected  by 
the  contents.  The  remedies  are  therefore  usually  given  before  break- 
fast, and  no  food  is  taken  for  several  hours  after.  This  unfor- 
tunately increases  the  tendency  to  the  absorption  of  the  poison,  and 
to  the  local  irritation.  Vomiting  may  occur  and  render  a  repetition 
of  t!ie  whole  cure  necessary'.  It  has  been  attempted  to  circumvent 
thi«  difficulty  bv  combining  the  principles  with  tannin,  but  this  lessens 

K  action.    The  best  that  can  be  done  is  to  inclose  them  in  gelatin 
Ics. 
!   substances  which   are   toxic  lo   intestinal  parasite?   are   in   gen- 
eral loxic  to  all  forms  of  protoplasm.    The  class  of  intestinal  antisep- 
lAka  are  alt  to  some  extent  vennicidal.  but  can  scarcely  1)c  introduced 
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in  sufficient  amount  to  kill  tlie  parasites  without  injuring  the  hoil. 
Special  qualities  arc  necessary  for  this  end:  The  remedy  must  be 
absorbed  to  the  smallest  possible  extent,  since  its  absorption  would  not 
only  render  it  deleterious  to  the  patient,  but  would  also  prevent  tU 
reaching  the  lower  portions  of  the  intestine  and  acting  on  the  para- 
sites found  there.  On  the  other  hand,  it  must  be  capable  of  penetrat- 
ing the  resistant,  often  chitinous,  covering  of  these  worms.  Thii 
combination  can  only  be  secured  with  volatile  poisons,  whose  vapors 
permeate  the  intestinal  canal  and  penetrate  into  the  parai^ites  Iwfore 
there  is  time  for  an  extensive  absorption.  The  latter  is  also  relarded 
by  the  presence  of  6xed  oils;  and,  accordingly,  it  will  be  found  that 
the  majority  of  vermicides  are  solutions  in  a  fixed  oil,  of  some  voh- 
tile  poison,  essential  oils  or  volatile  alkaloids,  etc.  From  this  roll: 
tility  of  the  active  principles,  it  follows  necessarily  that  these  dnip 
are  »mj/  very  stable;  the  more  so  since  these  principles  also  undergo 
chemic  changes  very  readily.  This  uncertain  activity  has  thrown  m\i- 
(rust  on  the  whole  class  of  anthelmintics.  The  pharmaceutic  ex- 
tracts or  isolated  principles  share  this  instability,  although  to  a  lets 
degree. 

Finally,  it  is  more  than  probable  that  these  parasites,  as  mo«  other 
forms  of  life,  show  f*ccuitar  susceptibility  to  certain  poisonf.  There 
is  some  hope  that  further  research  will  bring  forth  specific  vcrnucidrt 
At  present,  the  following  data  have  been  gathered  from  cmpiriol  ufr- 
servations : 

The  most  efficient  for  Tapeworm4  are  Male  Fern  (especiallr  ^^ 
Bolhriocephalus) ;  PcUetierin  (especially  for  Taenia)  ;  and  Kosotflrin; 
for  RifUttd  H'ornts,  Santonin  and  Spigclia.  Thread  li'orms  are  treawl 
most  efficiently  from  the  rectum  by  enemata.  Aspidium  is  aHo  ""^ 
to  be  effective  agains.*  Anchylostoma. 

It  may  be  well  to  mention  that  the  vermicides  are  under  no  einwm- 
stances  absolutely  safe.  They  should  never  be  given  unless  the  part- 
sites  or  their  eggs  are  actually  demonstrated  in  the  feces.  ThB  i» 
also  the  time  when  treatment  oWers  the  greatest  chance  of  sncoctt- 


(A)   Vermicides   for  Tapeworm. 

I.  Turpentine  (see  p.  6p8)  is  used  in  domestic  medicine  in  nWf- 
spoon  dose<i.  It  is  unccrtam.  and  produces  such  violent  trritaticn  <*» 
the  alimentary  canal  and  kidneys  tliat  it  is  not  to  be  advised-  The 
same  holds  true  of  Ctiltn'oform.  Thymol,  Salol,  Saphthol.  etc.,  h*** 
not  l)ccn  subjected  to  sufficient  trial  to  permit  an  estimate  of  tbcrf 
value. 

3.  Pumpkin  or  Melon  Seeds,  fresh  or  at  least  not  over  a  year  w<i- 
are  eaten  fn  half-ounce  or  ounce  doses,  on  the  day  prrccding  ihr  reipi- 
lar  treatment.  They  are  not  sufficiently  active  themselves  but  •erff 
to  support  other  measures.  Il  is  not  known  in  what  their  action  ^ 
sides,  but  they  contain  a  large  amount  of  fat,  with  traces  of  vol»t:« 
oil  and  resins.  The  fresh  *'milk**  of  the  cocoanut  is  also  said  to  w 
anthelmintic. 

Pefo  (V.S.  v.).— Pumpkin  Seed.  Tlie  seed  of  Cueurbita  Tif* 
Cucurbitaceae ;   cultivated,    yo  Gm.  ^  i  X  V.  S  P. 

3-  Aspldlum  (U.S.  P.)  |/i7r.r  Ua^.B.  P.].— .Uo/.-  frni  -  Tlie  rhi- 
2omc  of  Dryop ten's  (Aspidium)  FHix  mos  and  D.  marginalis,  Fil'ces 
North  America,  Northern  Asia,  and  Europe.  Dose:  4  Gm.^^Oo  f^- 
U.  S  P. 

The  active  ingredients  are  Filicic  Acid,  a  volatile  oil.  aru!  3  fi^w 
oil-     .All  seem  to  be  necessary,  but  the  filicic  acid   i-<  th-  * 

On   keeping   the   drug,   this   passes   readily    into   its  aniv.  n. 
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which  is  absolutely  inactive.  (Jacquet.  IQ04,  claim<;  as  the  most  active 
constituent  an  amorphous  acid.  Hlmaron,  discovered  by  Kraft.  This  is 
very  unstable  in  solution,  but  kcrps  well  when  dry.)     The  official 

Oieoresina  Aspidii  {Extractum  Filicis  Liquidum.  B.  P.],  marie  by 
CJilraction  with  acetone  and  evaporation,  seems  the  only  rational  prep- 
aration. Dose:  1.0  to  4.0  c.c.  ^^-i  to  I  drachm;  z  Gm.  =  30  grs., 
U.  S.  P.),  preferably  in  capsules. 

Overdoses  cause  especially  nervous  phenomena:  General  depres- 
sion, coma,  and  convulsions,  collapse,  and  sometimes  death:  there  is 
also  usually  a  gastroenteritis.  Dislurhances  of  vision  arc  not  uncom- 
mon. The  nerve-fibers  are  degenerated.  The  chance  of  absorption 
is  stated  to  be  increased  by  the  presence  of  an  excess  of  fixed  oil 
in  the  intestines,  so  that  it  is  contraindicaied  to  use  castor  oil  as 
cathartic. 

4.  Qranatum  (U.S.  P.,  K.  P.). —  Pomegranate. —  Tlic  bark  of  the 
stem  and  root  of  Puttica  Granatunt,  Punicacez.  Cultivated  in  subtropi- 
cal countries.  Dose:  2  Gm.  =jo  grs.,  U.  S.  P.,  usually  given  as  infu- 
sion. 

The  active  constituents  are  two  volatile  alkaloids  —  Pellctierin  (^ 
Punicin)  and  Isopelletiertn  (=Granatonin).  There  are,  further,  two 
less  active  alkaloids  —  MethylpeEletierin  and  Pseudopellcticrin.  The 
dmg  also  contains  a  large  proportion  (20%)  of  a  peculiar  tannin  — 
Ptmicotannic  Acid. 

Decoctum  Granati  Corticis  (B.  P.).^20%.  Dose:  15  to  60  c.c.  OA 
to  2  ozs. ».  The  large  amount  of  tannin  in  this  preparation  is  very 
irritant  to  the  stomach,  and  frequently  circumvents  the  purpose  of  the 
drug  by  causing  vomiting.  To  avoid  this,  and  also  to  give  greater 
taniformity.  the  isolated  principle  has  been   introduced: 

Pelletierina  Tamias  (U.  S.  P.). —  The  tannate  of  the  mixed  alka- 
loids. Yellow  powder,  sol.  in  235  water,  126  alcohol.  Dose:  0.25  Gm. 
^4  srs.,  U.S.  P.,  to  0.5  Gm.  (7  grains). 

Overdoses  produce  results  similar  to  those  of  Filix  mas,  but  less 
violent      Applied  to  the  eye,  it  produces  miosis,  as  docs  also  arecotin. 

5.  Cusso  (U.S.  P..  B.  P.). —  Kousso,  Brayera.— The  female  In- 
florescence of  Hagcnia  Abyssinica,  Rosacea.  Abyssinia.  Dose:  lo.O 
to  .20.0  Gm.  (2!/2  to  5  drachms).  (The  male  flowers  are  powerfully 
«metic,  and  therefore  nsele.s.'*  as  vermicides.)    (ifi  Gm.  =  !'2  5.  U.  S.  P.) 

The  active  principle  is  given  as  Kosntoxin.  a  non-nitrogenous  neutral 
principle ;  also  resins  (Coussin  and  Cosin )  and  volatile  oils,  which 
j)rol)ably  aid. 

*  Kamala. — Rottlera. —  The  glands  and  hairs  frnm  the  fruit  capsules 
of  Mallotus  I  hilippinensis.  Euphorbiacese.  India,  China,  and  Philip- 
pines. Dose:  10  Gm.  (2j^  drachms).  The  active  ingredient  appears 
10  be  Rottlerin. 

*  Areca. —  The  fruit  of  Areca  Catechu.  Palma.  Southern  Asia.  Con- 
Tains  vermicidal  volatile  alkaloid  (Arccolin).  Areca  is  only  used  in 
veterinary  medicine. 

(B)  Vermicides  for  Round  Worms  (Ascaris  lumbrlcoldes). 

All  the  rcmedie?  for  Tapeworm  are  to  some  extent  effective ;  and 
tlie  same  dietetic  measures,  as  well  as  subsequent  purge,  are  neces- 
sary*. 

Santonica  (U.S.  P.). —  Levant  Wormseed. —  The  unexpanded  flow- 
erheads  of  Artemisia  pauciHora,  Compositae.  Turkestan.  Dose:  to  4 
Gm.  (60  grs.).  Now  obsolete,  since  it  has  no  advantage  over  its  chief 
constituent : 

Study  Materia  Medica  Lesson    17. 
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Santoninum  (U.S.  P.,  B.  P.). —  Santonin. —  CtHnOv  The  an- 
hydrid  of  santonic  acid.  Colorless  crystals,  odorless,  little  taste.  Sol. 
in  5,300  water,  34  alcohol,  sol.  in  alkalies.  0.065  Gm.  =  i  gr.  Best 
given  in  the  form  of: 

Trochisci  Santoniui  (U.S.  P.). —  Each  30  mg.  =  5/S  grain.  Dose: 
for  childreiit  I  to  2  troches;  for  adults,  to  5:  administered  in  evening. 

Trochisci  Santonini  (B.  P.). —  Each  i  grain.  Dose:  half  the  pre- 
ceding. 

The  action  of  santonin  is  not  weH'uhderslood,  but  there  is  no  doubt 
that  it  drives  the  ascarides  into  the  lower  intestine,  from  which  they 
can  be  dislodged  by  cathartics,  e-jpccially  calnmel. 

The  santonin  itself  is  practically  in.soluble,  hut  in  the  intestine  it  is 
converted  into  the  soluble  and  absorbable  santonin-sodium.  This  is 
excreted  in  the  urine  as  a  substance  which  gives  to  the  liquid  a  lemon- 
yellow  color  when  acid,  carmine-red  when  alkalitie.' 

Doses  as  small  as  o.i  Gm.  may  cause  "yellow  vision" — 1'.  r..  white 
light  has  at  first  a  violet,  then  a  yellowish-green  hue,  and  these  colors 
tint  the  entire  field  of  vision.  (Exactly  the  same  phenomenon  is 
sometimes  seen  with  amyl  nitrite.)  The  power  of  seeing  in  dim 
light  is  also  lessened.  It  has  been  demonstrated  that  these  effects  arc 
|}cripheral,  and  the  theory  is  advanced,  based  on  some  experimental 
data,  that  santonin  impairs  the  reproduction  of  the  visual  purple  and 
violet,  which  arc  at  first  used  very  rapidly.  There  is  no  truth  in  llw 
statement  that  it  discolors  the  media  of  the  eye  (Filehne,  1900). 

Still  larger  do.ses  have  often  led  to  toxic  sytnf^toms.  These  cotnprist 
headache,  vertigo,  weakness,  somnolence,  cojiz'uhions.  fall  of  tempera- 
ture, delirium,  vomiting,  and  diarrhea   (Binz,  1877;  Harnack.   1901). 

TIic  treatment  would  be  symptomatic :  emetics,  cathartics,  chloro- 
form inhalaiinn  agains:  the  convulsions,  etc.  Santonin  has  also  been 
tried  aguinst  i'f>iU'psy.  with  very  little  success. 

The  fnllovving  are  used  only  in  domestic  medicine; 

Spigelta  (U.S.  P.). —  Pinkroot  — The  rhizome  and  roots  of  S^ig^e^is 
Mtirilandica.  Loganiacere.  Southern  United  Slates.  Said  to  contain  » 
volatile  oil,  volatile  alkaloid,  and  a  bitter  principle  and  resin. 

Fluidcxtractum  S[>igcliie  (U.S.  P.). —  One-half  alcohol.    Dose:  2 
8  c.  c.   {^A  to  2  drachm?)    (4  c  c.  =^  1  5,  U.S.  P.). 

Chenopodium. —  American    ll'ormsced. —  The   fruit   of  Chenoptniivm- 
amhntsi'fidrs    (variety    anthelmintictim).    Oienopodiacea:.      Naturalize 
in  United  States.     Dose:    i.o  to  2.0  Gm.   (15  to  jo  grs.).     The  aciivt 
principle  is  probably  a  volatile  oil  — 

Oleum  Chenopodii  i\:.S.V.).—  Dose:  0.2  c.c.  =  3  la.  U.  S.  P. 

Tanacetum.— Sec  Index. 


4 
4 


(C)   Vermicides  for  Thread  Worms   (Oxynris).. 

These  are  usually  treated  most  efficiently  by  the   rectal   injection  ol 
various  irritants.     The  rectum  is  first  washed  with  injections  of  iron. 
tannin,    or   hitters    (quassia),    to    limit    the    secretion    of   mucus,   an( 
is  then   irrigated   with   solutions   or  emulsions  of   salt    (555   to  pt.  ( 
aloes   (3j   to  pt),  or  turpentine   <5ij   to  pt.>,  etc.     Mercury  s-ihs  ai 
sometimes  used  as  injection  or  suppository,  but  arc  dangerous. 

*  Exercise    14. 

•  Not   official. 
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EMOLLIENTS  AND  DEMULCENTS. 

Emollients  and  Demulcents  are  drugs  which  soften, 
relax."  protect,  and  '*  SLH:)the  "  the  parts  to  which  they  are 
applieil:  in  oilier  words,  drugs  wliich  lessen  irritation.  The 
term  emollient  is  restricted  more  lo  those  used  on  the  skin, 
demulcent  to  those  applied  to  mucous  nien]l)ranes.  No  very 
sharp  distinction  can  be  drawn  between  these,  and  many 
belonef  to  both  classes:  Imt,  as  a  rule,  the  fats  are  nsed  as 
emollients,  the  gmns  as  demulcents. 

These  substances  lessen  the  action  of  all  chenu'c,  mechan- 
ical or  bacterial  irritants;  diminishing-  pain,  reflexes,  ca- 
tarrh, and  all  manifestations  of  irritation.^  They  also  delay 
and  diminish  absorption,  ijarticularly  from  the  stomach, 
ut  also  from  the  intestine,  subcutaneous  tissue,  etc.  In 
is  way  they  diminish  the  systemic  effects  of  absorbable 
isons.  whilst  they  prolong  their  local  actions. 


UI1< 
1       actn 


The  action  of  llicsc  drugs  must  be  conceived  as  mechanical,  since 
are  chemically  indifferent,  and  since  thcv  do  not  exert  any  sah 
action,  a?  they  are  either  colloidal  or  insoluble.  They  may  therefore 
bo  placed  in  intimate  contact  wiih  cells,  without  causing  irritation. 
By  their  viscid,  adhesive  character,  they  tend  to  form  a  protective 
covering  m  ihe  surfaces  to  which  they  are  applied,  hindering  the 
access  of  other  irritants. 

TIjc  oils  will  prevent  the  penetration  of  water-soluble  substances, 
ihc  gnims  that  of  fats  and  resins.  Gums  also  lessen  the  effects  of 
co'stalloids,  although  they  do  not  impede  their  diffusion.  They  pro- 
duce ihi^  effect  by  increasing  the  viscidity  of  the  solution,  thereby 
interfering  with  its  transportation  (von  Tappcincr,  igos). 


^ 


On  the  other  hand,  oils  and  substances  dissolved  in  them 
re  absorbed  from  the  intact  skin,  whilst  watery  solutions 
are  not  ( imless  the  substance  be  volatile).  Systemic  effects 
may  therefore  be  secured  by  inunction  with  medicated 
oils  or  salves  (e.  ,^..  Ung.  HydrargV  The  absorption  de- 
pends on  the  penetration  of  the  oil  into  the  sebaceous  glands. 
Ills  can  be  greatly  increased  by  rubbing  the  salve  into  the 


*  Exercise*    i8C  and   35. 
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skin.     The  deep  penetralion  of  the  fats  can  be  demonstrated 

histologically,  by  their  presence  in  the  lymph-channels. 

The  irue  fats  are  gradually  oxidized  aod  disappear.  But  the  min- 
eral oils  —  pctrolaUim,  etc. —  are  practically  incapable  of  oxidation, 
remain  in  the  subcutaneous  tissue  for  a  long  time,  and,  acting  as  for- 
eign bodies,  may  prove  a  source  of  irritation.  The  animal  and  vcgt- 
table  fats,  therefore,  deserve  the  preference  when  penetration  is  to  be 
secured  (Sobieranski,  Juckuff,  Meyer). 

The  persistence  of  the  mineral  fats  in  the  subcutaneous  tissue  has 
been  utilized  for  the  correction  of  deformities  (e.  ^.,  of  the  nose),  b^ 
injecting  subcutaneously  a  mixture  of  paraffins  melting  at  about  40*  C 


Tlie  oily  emollients  and  glycerin  also  penetrate  into  the 
squames  of  the  stratum  corneiim,  and  render  the  skin  more 
pliable  and  resistant  to  injurious  agencies.  Tliey  reinforct 
in  this  manner  the  natural  fat  of  the  skin  and  present 
roughness  and  "cracks*'  from  wind,  cold  weather,  v.iii- 
hurn,  skin-diseases,  etc.  Glycerin  resembles  the  onhnan' 
fats  very  closely  in  its  therapeutic  uses;  but  it  has  a  primary 
irritant  action,  due  to  osmosis. 

If  emollients  are  applied  to  open  wounds  or  denuded 
surfaces,  they  ser\'e  the  function  of  an  artificial  epidemiis. 
furnishing  a  protection  against  injurious  agents.    The  same 
result  can  be  secured  by  covering  the  surface  with  a  thin 
pellicle  of  an  impermeable  substance,  as  by  applying  colic*- 
dion  or  resinous  tinctures,  and  allowing  the  solvent  to  evap- 
orate; or  by  applying  plasters  or  bandages.    The  latter  can- 
not be  discussed  in  this  place.     The  plasters  differ  in>n^ 
other  fats  mainly  in  their  firmer  consistency.     On  this  ^' 
count  tliey  are  much  more  slowly  absorbed,  and  can  ^ 
applied  for  a  k)nger  time.    However,  their  action  also  difff^ 
from  that  of  plain  ointments  in  being  more  irritant.    "P^^* 
is  due  partly  to  their  preventing  entirely  all  evaporal**^ 
from  the  skin,  partly  also  to  small  f|uantities  of  volatile  «^'"* 
contained  in  the  resins  from  which  they  are  prepared.  Th^ 
are  frequently  useful  as  mild  coimterirritants  for  the  ret**" 
of  pain,  absorption  of  swellings,  hastening  of  abscess  i*^' 
mation,  etc.     They  are  also  employer!  for  the  convej-ai"* 
of  drugs  which  are  intended  to  act  purely  locally,  and  to  ^ 
absorbed  very  slowly,  such  as  Belladonna.  Aconite.  Cap^' 
cum.  etc. 

Adhesive  plaster  acts  purely  mechanically.  Poultices  ^ 
also  largely  emollient. 

Another  class  of  substances,  exerting  a  similar  action. 
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physically  very  different,  are  the  dusting-powders. 
These  could  be  arranged  into  several  classes.  The  simple 
powders  are  very  fine  (''impalpable"),  indifferent,  insolu- 
ble, non-irritant  powders,  such  as  talcum,  chalk,  starch, 
lycopodium,  etc.  They  form  a  covering,  just  as  do  the  fats, 
and  are  also  used  to  prevent  friction.  They  absorb  secre- 
tions by  capillary  action,  and  are  theref(;re  drying.  The 
metallic  oxids  and  carbonates  are  in  addition  somewhat 
astringent.  The  ahsorhahility  of  toxic  metals,  even  when  in 
the  form  of  insoluble  salts,  must  not  be  lost  sight  of.  and 
lead  compounds  shfuild  he  avoided  altogether.  Bismuth 
salts,  except  perhaps  the  subgallate.  are  also  dangerous  if 
applied  to  open  surfaces.  The  zinc  oxid  and  carbonate  arc 
tirely  unobjectionable. 
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MATERIA  MEDICA  OF  SIMPLE  DUSTING  POWDERS. 


Talcum  (U.S.  P.). —  A  native  hvdrous  magnesium  silicate.  Insol. 
in  water  and  in  dilute  acids  and  alkalies. 

Tohum  Purificatum  (U.S.  P.). —  Talc  washed  with  dilute  hydro- 
chloric acid,  is  nscd   for  clarification. 

Amylum   (U.  S.  P.).— Cor«  Starch.—  Sec  Index. 
•    Lycopodium    (U.S.  P.). —  The  spores  of  Lycopodium  clavatum  and 
other    species.    Lycopodiaceae.      Northern    Hemisphere.     Used    only    as 
dusting-powder. 

Demalcents. —  If  soothing  substances  are  applied  to  the 

jKucous  membrane  of  the  respiratory  or  alimentary  tract, 

^Beir  action  must  be  conceived  as  parallel  to  that  on  the 

Tkin.    But  it  must  be  remembered  that  this  action  is  exerted 

only  by  that  portion  of  the  substance  which  adheres  to  the 

walls  —  not  by  that  contained  in  the  lumen.     The  giuns, 

possessing  a  greater  degree  of  "  stickiness."  are  therefore 

more  effective  in  these  situations  than  the  oils,  and  are  the 

^bost  useful  demulcents. 

^r  The  quality  of  drying,  which  renders  them  inapplicable 
to  the  skin,  does  not.  of  course,  come  into  play  here;  whilst 
there  is  no  thick  stratum  corneum  to  be  softened,  as  by  oils. 

One  sees  a  beautiful  illustration  of  ihese  facti  in  the  natural  lubri- 
Cajits  of  liody-covcrinRS.  Whilst  the  skin  is  normally  cr»vered  with 
a  thin  layer  of  nil,  the  mcmhranes  of  the  interior  of  the  body  are 
moistened  with  mucus,  which  is  a  typical  gummy  demulcent. 

Glims,  proteids  and  oils  arc  useful  against  all  forms  of 
Irritant  poisons,  whether  introduced  from  without  or  formed 
jn  the  body,  as  in  faulty  digestion.    Milk  or  eggs  are  effect- 
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ive  in  the  former  case.  Colloids  will  also  delay  the  absorp- 
txon  of  other  substances,  and  this  determines  their  use  in 
pills,  capsules,  etc.,  as  well  as  the  advantages  of  extracts 
over  alkaloids,  etc..  in  certain  cases.  On  the  other  hand, 
this  interference  with  ahsurption  is  objectionable  when  the 
drug  is  g;iven  hyiMHlermically.  The  demulcents  are  also 
useful  in  disguising  or  moderating  the  taste  of  disagreeable 
substances. 

A  good  instance  of  their  action  in  lessening  irritation  is 
the  addition  of  boiled  starch  to  cncmata,  to  secure  their 
retenti<m.  In  ivHamuwiion  of  the  respiratory  passages  — 
bronchitis.  laryngitis,  and  pharyngitis  —  such  a  protection 
of  the  inflamed  mucous  membrane  against  the  irritation  of 
bacteria,  air,  and  drying,  must  be  of  the  greatest  impfX- 
tance.  Theoretically  one  would  be  inclined  to  think  that 
their  action  would  be  limited  to  the  upper  portions  of  the 
respiratory  tract:  but  clinical  experience  has  shown  that 
this  is  by  no  means  the  case,  and  that  their  action  extends 
to  remote  bronchi.  It  would  seem  very  unlikely  that  they 
would  be  excreted  here,  as  has  been  claimed.  Their  effect 
mtist  be  either  reflex,  or  else  they  must  reach  these  parts  by" 
gradually  flowing  to  them. 

M.\TERIA  MEDICA. 
I.  Bland  Fatty  Oils. 

These  oils  arc  liquid,  insoluble  in  water  or  glycerin,  very  sparingly 
in  alcohol,  freely  iti  chloroform,  ether,  volatile  oils,  or  fats. 

They  are  used  internally  as  foods  and  as  laxatives  (30  to  250  c.  c.= 
I  to  8  oz).  Full  doses  increase  the  quantitjr  and  fluidity  of  the  btk, 
and  are  employed  in  cholelithiasis.  Olive  oil  (tablespoonful,  hilf  an 
hour  before  meals)  is  used  in  hyperchlorhydria  and  in  spastic  consti- 
pation. 

The  fatty  oils  turn  "  rancid  "  on  keeping,  especially  if  they  are  ex-^ 
posed  to  air,  li^ht.  and  heat,  and  if  they  contain  proteid  impurities. 
Rancid  oils  are  unfit  for  medicinal  use. 

Oleum  Oliver  (U.  S.  P.,  B.  P.).— 0/i;r  Oil  {Sweet  Oi7.)  — The  fixed 
oil  expressed  from  the  ripe  fruit  of  Olea  Europaa,  OleaccfltL  Culli- 
vated  in  warm  climates.  The  best  oil  for  internal  use.  3c  cc-  =  iV 
U.  S.  P. 

Oleum  Amyadalff  Exprcssum  {  U.  S.  P.,  B.  P  ). —  Expressed  Oil  cf 
Almond. —  A  fixed  oil  expressed  from  Bitter  or  Swerl  Almonds.  » 
c.c.  =  T^,  U.S.  P. 

Oleum  Lini  (U.  S.  P.,  ^/?.).— Linseed  {Flaxseed)  Oil— Expressed 
from  Linseed.  Di^iagreeablc  odor.  30  c.  c.  =  lj  (U.S.  P.).  Em- 
ployed mainly  in  linimenLs  and  in  veterinary  practice.  **Boitetl^  0^ 
should  not  be  used. 

Oleum  Gossypii  Seminis  (U.S.  P.). —  Cottonseed  Oil. —  Ext>f«9«<I 
from  the  seeds  of  Gossypium  herbaceum  and  other  species  Malvaceae 
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Cultivated.  On  account  of  its  cheapness,  it  is  especially  adapted  for 
extenial  use.  It  is  often  substituted  for  olive  ail,  hni  is  greatly  in- 
ferior for  internal  administration.  It  contains  an  irritant  rtsin ;  and 
it  cannot  be  readily  emulsified  or  saponified,  since  the  free  fatty  acids 
have  been  removed  in  the  process  of  purification.  i6  c.  c.  =  !^  \, 
U.  S.  P. 

OUum  Adipis   (U.  S.  P.).— Lorrf  Oi7.— The  liquid  portion  of  lard. 

Many  other  oils  may  also  be  used. 

II.  Other  Liquid  Emollients. 

Clyccrinum  (U.  S.  P..  n.  P.).—  Glycerin.  Glycerol—  (CH^COH)..)— 
A  thick,  colorless  liquid,  of  a  sweetish  taste,  obtained  by  the  decom- 
position of  fats  or  falty  oils.  Specific  gravity,  Lijo.  Soluble  in  water 
or  alcohol,  insoluble  in  ether,  chloroform,  or  oils.  4  c.  c.  =  i3, 
U.  S.  P. 

Used  locally,  glycerin  acts  at  first  as  an  irritant,  by  abstracting  water. 
Tbif  causes  smarting  in  wounds.'  It  is  utilized  for  catharsis,  the 
glycerin  being  administered  as  enema  (4  to  8  0.  c.^i  to  23,  undi- 
luted), or  as  the  official  suppcsitorj'.  The  irritant  action  is  soon  re- 
placed by  a  soothing,  demulcent  or  emollient,  effect;  glycerin  being 
applicable  (o  either  skin  or  mucous  membranes.  When  taken  inter- 
nally, it  is  readily  absorlwd  and  oxidized,  serving  as  a  source  of 
energ}' ;  but  it  is  scarcely  a  useful  food.  Its  sweet  taste  has  caused  its 
use  as  a  substitute  for  sugar  in  diabetes;  but  it  is  rather  disagreeable 
to  many  persons.  An  important  use  of  glycerin  is  as  a  pharmaceutic 
solvent   and  preservative. 

Toxic  Effects. —  These  have  never  been  reported  in  man,  but  they 
occur  in  aninaals  when  large  doses  arc  given,  by  any  channel.  The 
symptoms  are  convulsant  and  paralytic,  probably  tbrouKh  a  direct 
action  of  glycerin  on  the  central  nervous  system.  The  blood-cor- 
puscles are  laked.  especially  if  the  givcerin  is  injected  hypodermically. 
This  is  probably  an  osmotic  effect,  the  glycerin  remaining  for  a  time 
unabsorbcd,  and  in  high  concentration  at  the  place  of  injection;  and 
the  corpuscles  being  laked  during  their  passage  through  this  area 
(Filehnc). 

On  muscle-nerve  preparations,  glycerin  acts  similarly  to  veratrin 
(page  326). 

P repartitions:     Glyceritum  Amyli.— Suppositoria  Glycerini. 

Acidum  OUicum  (U.S.  P..  B.  P.V— O/^-ir  Acid.— W.CMJdv  A 
yellowish  or  brownish  oily  liquid,  insoluble  in  water,  soluble  in  alco- 
hol. Usually  quite  impure,  containing  other  fatty  acids.  Used  prin- 
cipally as  solvent  for  medicines  intended  to  be  absorbed  from  the 
skin. 

Petrolatum  Uquidum  (U.S.  P.)  {ParaMtium  Uquidum.  B.  P-l.— A 
mixinre  of  hydrocarbons,  chiefly  of  the  marsh-gas  scries,  obtained 
from  petroleum,  and  purified  until  il  has  the  required  color  (Fuscum, 
Flavum,  Album,  Albissimum,  etc.).     The  official  is  almost  colorless. 

III.  Semt-SoUd  Fats. 

These  possess  the  character  of  the  falty  oils,  except  that  they  arc 
soft   solids  at   nrdinarv  temperature, 

Oleum  Theobromatis  (U.S.  P.,  B.V.).— Cacao-butter.— \  solid  fat 
expressed  from  the  seed  of  Thcohroma  aicao,  Sterculiaccjp.  Central 
and  South   America.     L^sed   mainly   for   making  suppositories. 

Study  Materia  Mcdica  Le»»on   5^.  .       ,  l 

3  Rotn   ba«   nhown    (with    Cataptasma   KaoIini>,   that   fflycenn   does  not   anatract 
water  from  the  tntact  akin:  because  of  the  impermeability  of  the  uratum  corncnin. 
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Not  to  be  confused  with 

*  Olfvm  Cocos. —  Cocos-oil. —  The  expressed  oil  of  the  cocoanut,  the 
fruit  of  Cocos  itua'fcra.  Palma,  Tropics.  It  is  a  whitish  fat,  soluble  ifl 
alcohol,  used  especially  in  soap-making. 

Si-vunL—Suet  (U.S.  P..  B.  P.).— A/«//o«  Suft.—  Tht  internal  fit 
of  the  abdomen  of  the  Sheep  {Ovis  ohm),  purified  by  melting  uid 
straining. 

.-idcps  (U.S.  P.,  B.  P.).— Larrf.— The  internal  fat  of  the  abdonKn 
of  the  pig  {Sus  scrofa).  Other  animals  also  yield  fats  which  arc 
popularly  supposed  to  have  special  advantages  —  dog  fat,  goose  ip-aw. 
etc.  There  appears  to  be  no  reason  for  preferring  them  to  the  more 
easily  obtainable  lard. 

Animal  fats  become  rancid  quite  rapidly.  Hence  all  ointments  an 
directed  to  be  prepared  from : 

Adeps  Rensoinatus  (U.  S.  P.,  B.  P.V — Made  by  digesting  lard  with 
gum  benzoin.  In  this  process  it  takes  up  a  certain  amount  of  tbf 
latter,  and  acquires  the  antiseptic  and  stimulant  properties  of  balf^ni^ 
besides  increasing  its  own  keeping  qualities. 

*  Butyrum.  Butter,  is  sometimes  used  as  an  ointment  basis.  SiW 
it  can  not  be  salted  for  this  purpose,  it  keeps  very  poorly. 

Adcps  Laua-  (U.S.  P.,  B.  P.).— The  purified  fat  of  the  wool  oi 
sheep,  freed  from  water.  Insoluble  in.  but  miscible  with,  large  quan- 
tities of  water.  Used  for  the  administration  of  watery  solmitm}  m 
ointment   form. 

Adeps  Latkr  Hydrosus  (XT.  S.  P.,  B.  P.).— (£.«io/m.)— The  abort 
mi.xcd  with  30%  of  water.     This  is  the  form  commonly  used. 

Wool-fat  possesses  a  number  of  advantages  as  an  ointment.  It  doe* 
not  readily  become  rancid:  it  is  absorbed  with  the  grcatrst  ease;  J*"! 
it  is  miscible  with  twice  its  weight  of  water.  It  consists  mainly  of 
cholcsterins,  together  with  some  fatty  acids. 

IV.  Soft  Min«ral  Fats. 

Petrolatum  (U.S.  P.)  [Paromnum  MolU.  B.  P.].— P^frtWt* 
(Vaselin). —  A  mixture  of  hydrocarlions  obtained  from  Petrolcian, 
melting  between  45  and  ^'^  C.   (113  and  1184°  F.).     Yellow  cdct 

Pftrohtum  AWutn  (U.  S.  P.). —  The  preceding  product,  rwdefri 
colorless   (white). 

*  Petrolatum  5'(J/>0Ma/um.— Petrolatum,  rendered  more  ab*orb»bJt  bj 
cmulsification  with  ammonium  oleate. 

V.  Substancet  of  a  Waxy  ConsUtency. 

These  are  used  to  increase  the  solidity  of  ointments  fas  in  cerale*' 

Crtaceum  (U.S.  P.,  T^.  P.).— Spermaceti— A  solid  fatty  suMw** 
obtained  from  the  sperm  whale  (Physeter  macrocephalus>.  tl  c^' 
sists  mainly  of  a  combination  of  Celylic  Alcohol  with  Palmitic  Am- 
Melts  at  45  to  50**  C.  ,. 

Acuium  Stean'cum  (U.  S.  P.V— ^/I'iirir  .-Jny  —  II  Ct.Ii«Oi.  l'*"*"? 
more  or  less  impure;  obtained  by  decomposing  tallow.  The  com*'^ 
cial  acid  melts  at  56*  C.     Sol.  in  166  alcohol. 

Cera   Fiat'a   (U.  S.  P.,   B.P.y.—  Velhw  B^jrwax.— Melts  at  6i*  ^ 

Cera  Alba  (U.S.  P.,  B.P,).— Bleached  Beestt'Ox.—MtUs  U  61  ^ 
65®  C.  Wax  is  but  sparingly  sol  in  alcohol,  sol.  in  ether,  chlowlo'* 
and  oils.  . 

FarafiUnum     (U.S.  P.)     \Paraffinum    Durum,    B  P.].— /'oniiKfl-''^ 

*  Not  oflicial. 
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white  waxy  solid,  a  mixture  of  solid  hydrocarbons  obtained  from  Petro- 
leum. The  melting-point  lies  between  51.6  —  57.2*  C.  Insol  in  alco- 
hol, sol.  in  bcnzin,  ether,  fats,  etc. 

VI.  Resins. 

These  usually  contain  some  essential  oils,  and  therefore  act  as  mild 
dermal  irritants.    They  are  used  in  cerates  and  plasters. 

Rcsina  (  U.  S.  P.,  B.  P.). —  Rosin,  Colophony.— l"ht  residue  left  after 
distilling  the  volatile  oil  from  Turpentine  (see  Index). 

Fix  aurgundica  (B-F.).— Burgundy  Pitch. —  The  prepared  black 
resinous  exudation  of  Abies  txcclsa,  Coniferae.    Europe. 

Biastica  (U.S.  P.)  [Cao}^t€hoHC.  'Q-V.^.—  lndia-THbher.  Caoutchouc 
(Para  Rubber). —  The  prepared  juice  of  various  species  of  Hcvea, 
Euphorbiaccx.  Tropical  countries  Soluble  in  Chloroform,  Carbon 
Disulphid,  Turpentine,  Petroleum  Ether,  and  Benzol.  Swells  in  ether 
without  dissolving.  Consists  mainly  of  polymers  of  terpenc  (CwHi*). 
Combined  with  3  to  10%  of  sulphur  by  healing,  it  gives  vulcanised 
rubber:  with  20  to  35%,  ebonite,  hard  rubber. 

Many  other  tropical  plants,  belonging  especially  to  the  families  Eu- 
phorbiacca;,  Artocarpcre,  and  Apocyncie.  also  serve  as  sources  of  "  rub- 
ber." This  is  contamed  in  the  milk-juice  to  the  extent  of  17  to  32%. 
It  is  separated  from  this  juice  by  coagulating  it  through  ferments  or 
other  means. 

*  Gutta-percha. —  The  concrete  juice  of  Dichopsis  gutta  and  other 
trees  of  the  same  order,  Sapotacea.  South  America.  Properties  arc 
similar  to  those  of  Rubber. 
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Vlf.  Compound  Hmollient  Ointments  and  Ointment  Bases. 

Vnguentum    ( U.  S,  P.).— Lard  80.  White  Wax  20. 

Unguentum  Aqutr  Rosa-  (U.S.  P.,  B.  P.).— (Cold  Cream.)— Sper- 
tnaccli,  While  Wax,  Expressed  Oil  of  Almond,  Rose  Water,  and 
Sodium   Borate. 

Unguentum  Cetacfi  (B.  P.). —  Rnsin,  Yellow  Wax. 

*  Resorbin. —  An  emulsion  of  Almond  Oil,  said  to  be  vcr>'  readily 
absorbed. 

Glyceritum  Amyli  (V.  S.  P..  B.  P.).— Starch  10,  Water  10,  Glycerin  80. 

Ceratum    fU.  S.  P.).— White   Wax.    White   Petrolatum.    Benz.   Lard. 

Ceratum  Resina   (U.  S.  P.).— Rosin,  Yellow  Wax.  Lard. 

Ceratum  Rcsina  Comp.  (U.  S.  P.). —  Rosin,  Yellow  Wax,  Suet, 
Turpentine,  Linseed  Oil. 

VIIT.  Official  Plasters. 

Emplastrum  Adhesivum  (U.  S.  P.) .—  Rubber,  petrolatum,  lead 
plaster. 

Empl.  Amfiwfiiari  cum  Hydrargyro   ("B.  P.>. 

Empl.  BeUadonnce  (U.  S.  P.,  B.  P.). — Extract  Belladonna,  adhesi\'e 
plaster.    o.-^S  to  0.42%  alkaloids. 

Empl.  Calefaciens  (B.  P.).— 8%  Cantharides. 

Empl.  Canlharidis  (B.  P.).— 35%.  The  cerate  is  substituted  in  the 
V.  S.   f.see   Index). 

Empl.  Capsici  (U.  S.  P.).— 0.25  Gm.  of  oicoresin  per  15  cm.  square; 
adhesive  plaster. 

Empl.  Hydrargyri  (U.  S.  P.,  B.  P.).— 30%  Hg;  hydrous  wool-fat, 
lead  plaster. 

*  Kot  official. 

Mtterlft  Medica  Lesson  53* 
1—48 
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Empi  Menihol  (B.  P.).— 15%. 

•  EmpL  JchthyocoHa. —  Court  Platter. —  Made  from 

*  UhthyocoHa. —  Isinglass. —  The  swimming  bladder  of  Acipfiutf 
Huso  and  other  species.  Sturiones.  Caspian  and  Black  Seas.  Contiins 
98%  of  Gelatin. 

Empl.  Opii  (U.S.  P..  B.  P.)-— 6%  Extr.  Opii,  adhesive  plaster. 

Empl.  Picis  Burgundiar  (B.  P.). 

Empl.  Plumbi  (U.S.  P.,  B.  P.).— Lead  or  Diachylon  Plaster  tsee 
Index). 

Empl.  Plumbi  fodidi  (B.  P.).— 10%. 

Empl.  Resina  (  B.  P.). —  Adhesive  Plaster.— Ko&in,  lead  plaster,  yel- 
low wax. 

Empl,  Saponis  (U.  S.  P.,  B.  P.).~Soap  10%,  lead  plaster. 


IX.  Demulcents:  Oily  Seeds. 


These  contain  gum,  oil,  and  starch.     When  rubbed  with  water. 
form  natural  emulsions,  which   serve  especially  as  emollicnls.     For  in- 
ternal use  thev  are  taken  as  decoctions;  dose  ad  libitum. 

Amygdala  Dulcis  (U.S.  P..  B.  P.).— 5a'rr/  --f/rM^«rf.—  The_  seed  of 
Prunus  Amygdalus  var.  dulcis.  Rosacea.     Cultivated. 

Emulsum  Amygdal<r  (U.  S.  P.,  6  :  100;  B.  P.,   U  :  lOO).—  IJO  C  t  = 

45-    , 

Pukis  Amygd.  Composilus  (B.  P.)  contains  Acacia  and  Sugar. 
*  CydoHtum. —  Quince  Seed. —  The   seed  of  Cy*donia   I'ulgans.  Rosl- 
ceac.    Cultivated. 

Linum  (  U.  S.  P..  B.  P.). —  Linseed.  Flaxseed,  and  Linum  ComtMSvm 
(B.  P.),  Crushed  Linseed. —  The  seed  of  Linum  usttatissimum,  Lmae 
Cultivated. 

Linseed   is   sometimes  given   a.5  decoction   in  bronchitis.     Its  princi- 
pal  u^e.   however,  is  in  p<>ultict'5    (sec   Index). 
An  aseptic  substitute  is  furnished  by : 

Catapiasma  Kaoliiti  ( U.  S.  P.). —  Essentially  a  thick  mass  of  clay 
and  glycerin  {37.$%.  with  the  addition  of  bi>ric  acid  (4.5%). 
thymol,  methyl  salicylate,  and  oil  of  peppermint.  Tbi$  i» 
spread  in  a  thick  layer  on  the  surface,  and  left  in  place  for  U 
to  48  hours.  It  is  more  effective  if  applied  hot. 
Kaolinum  (U.  S.  P.).— (C/»"mii  Clay.) — A  native  aluminum  sili- 
cate, consisting  chiefly  of  HiAUSijO.  +  8  H,0.  A  white 
p<"iwder. 
Hemp  seed  and  rape  seed  are  also  demulcent. 

Seeds  and  tubers  rich  in  starch  may  be  used  as  demulcents  in  the 
form  of  decoction.    They  are  enumerated  under  nutrients. 


4 
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X.  Ouma. 


North-    f 


(Gums  are  insoluble  in  alcohol!     See  page  23.) 
Acacia  (U.  S,  P.)    {Acacitr  Gumfni,  B.V.]. —  Gum-Arabte,     A 

exudation  from  Acacia  Senegal  and  other  species,  Lcguminosac    North 

ern  Africa. 

.^cacias    derived    from    other    species    have    similar    characters   and 

uses. 
Acacia   is    insoluble   in  alcohol,    slowly   but   completely   soluble   in  2 

parts  of  water,  to  a  thick,  mucilaginous,  insipid  liquid.    This  shows  tp 

acid  reaction  to  litmus,  and  is  precipitated  by  alcohol,  borax,  or  metallic 

salts. 

Study  Mftteria  Mcdica  Lesion  54. 


GITHS. 


755 


PreparaHons: 

Mucilago  Acacia  (U.S.  P.,  B.  P.).— A  34%  solution,  made  by  dis- 
solving acacia  in  equal  volumes  of  water  and  lime  water  (U.  S.  P.) 
Ii'y'j  parts,  B.  P.].  Used  in  many  pharmaceutic  preparations  as  cmuU 
sificr,  cxcipicnt,  etc. 

Syrupus  Acacitr  (U.  S.  P.).— 10%. 

Tragacantha  (U.S.  P.,  B.  P.). —  Tragacanth. —  A  gnmmy  exudation 
from  Astragalus  gummifer  and  other  species,  Legtiniinnsae.  Western 
Asia.     Swells  to  a  gelatinous  mass  in  water,  without  dissolving. 

Mucilago   TragacanthiT    (U.  S.  P..   B.  P.).— 6%.     16  c.c.  =  43. 

Glyctrinum  Tragacantha  and  Fuki's  Tragacantha  Compositus 
(B.P.). 

XI.  Demulcent  Herbs  and  Other  Demulcents. 

All  these  can  be  taken  in  decoction,  ad  lihitum.  They  contain  muci- 
lage as  their  most  important  ingredient. 

Alihaa  (U.S.  P.). —  Marsitniallow. —  The  root  of  AUhaa  officinalis, 
Malvaceaf.     Cultivated. 

Ulmus  (U.S.  P.). —  Slippery  Blm  Bar*.— The  inner  bark  of  UlmM 
fulva.  Urticacese     North  America. 

Mucilago  Ulmi  (U.  S.  P.).— 6<7o   infusion. 

Glycyrrhisa  (U.S.  P.,  K  P.).— Licorice  Root.-^Sce  Index.  As  de- 
mulcent, best  as  •  Syrupus  Glycyrrhica. 

Sassafras  Medulla  (IJ.  S,  P.). ^Sassafras  Pith. —  The  pith  of  Sasja- 
fras  variifolimn.   I^iurincsc.     North   America. 

Mucilago   Sassafras   Medulla. —  2%.     Is   not   precipitated   by   al- 
cohol. 

*  Cciraria. —  Iceland  Moss. —  A  lichen.  Cetraria  i^landica.  Iceland 
and  Norway.  Also  contains  a  hitter  principle,  which  can  be  extracted 
by  cold  water.  Boiled  with  water  after  previous  maceration  with  cold 
water,  it  yields  a  jelly  fDecoctum  Cetrarias.  5%^. 

Vhondrus  (U.  S.  P.). —  !rish  Moss  (Carrageen). —  The  seaweeds 
Chondrus  crispns  and  Giganina  manimillosa.  Iceland  and  North 
America.     Yields  jelly  with  boiling  water. 

GclatinutH  (U.S.  P.,  B.  P.). —  An  air-dried  product  of  the  action  of 
boiling  water  on  gelatinous  tisst:e.  Soluble  in  hnt  water.  Solutions 
of  2%  and  above  solidify  on  cooling.  Insohible  in  alcohol.  Also  pre- 
cipitated by  carbolic  acid;  not  by  dilute  solutir>ns  of  metallic  salts. 

Gclatinum    Glyccrinatum     (U.S.  P.)     is    employed     for    making 
bougies,  etc. 


XII.  Mechanical  Protectives. 

Certain  substances  which  are  used  for  this  purpose  may  be  men- 
tioned  in  this   place : 

Collodium  and  CoUodium  Flrxilc  CU.  S.  P.,  B.  P.").— Sec  Index. 
Ethereal  solution  of  gun-cotton,  leaving  a  protective  film  on  evapora- 
tion.    Used  for  dressing  small  wounds,  etc. 

Gossypium  Purificatum  (U.  S.  P.). —  Gossypium  (B.  P.T. —  Absorbent 
Cotton. —  The  hairs  of  the  seed  of  0.  herbaceum  and  other  species 
(Maloaccae)  :  cultivated.  Freed  from  adherent  impurities  and  from 
fat  (so  as  to  make  it  absorbent)  and  often  sterilized.  Consists  of 
almost  pure  cellulose  {C*Hi«O0  Used  in  bandaging,  etc.,  either  as 
such,  or  as  gauze  (Tela.  Carbasus),  lint  (lintum).  etc.,  or  impregnated 
with  antiseptics,  astringents,  etc.  Wf>od-Wo{}l  (chemically  treated 
wood-fiber)  has  been  introduced  as  a  cheaper  substitute. 

•  Not   ofiictal. 

Study  Materia  Mcdica  I.«»on  54. 
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CaUii  Sulphas  Exskcatus  (V.S.  P.)— Piaster  of  Paris.  Burnl  GtP" 
sum. —  A  fine  white  powder,  which  sets  imo  a  stone-like  maw  whtn 
mixed  with  half  its  weight  of  water.  Used  in  bandaging.  The  "Ki- 
ting" takes  place  in  15  to  30  minutes.  It  may  be  delayed  to  in  houf 
by  the  addition  of  5%  of  glycerin,  or  hastened  by  the  addition  of 
boditim  silicate.     Plaster  of  Paris  must  be  kept  dr>'. 

'Liquor  Sodit  Silicatis  ili'at^rglass). —  A  colorless  sympy  liflunl 
of  alkaline  properties,  hut  not  corrosive.  Contains  about  20%  of  10' 
diuni  silicate.  Forms  a  solid  glassy  mass  on  exposure.  Used  io 
bandaging. 

(Sodinm  silicate,  given  by  the  mouth  or  skin,  acts  like  a  typical  mild 
alkali  without  showing  any  specific  feature?.  It  is  readily  absorbrd 
from  the  alimentary  canal,  and  excreted  by  tlic  urine.  Injected  inir»* 
venously  it  causes  agghitination  of  blood  con>n*^cles.  and  conwqutfntly 
intravascular  clotting.  Silicates  arc  normally  present  in  all  tisaucs  but 
in  very  small  amount)   (Siegfried,  1901). 

'  Not  official. 


CHAPTER  XXXII. 


DRUGS  ACTING  UPON  NUTRITION. 
(A)  DIGESTIVE  FERMENTS.^ 


Ferments  are  substances  which  act  by  cataty^s.  1'.  f.,  which  iccelfrait 
in  a  specific  manner  slow  chemic  processes,  in  which  they  do  n^t  thefl"- 
selves  lake  part.  They  act  therefore  in  infinitely  small  proport''* 
and  are  not  used  up  in  the  process.  Ferments  are  classed  as  nrjfamw 
(such  as  yeast  and  bacteria )  and  unorganized.  7"he  latter  f U.-^* " 
also  calle<l  t~H£ymcs  —  is  the  only  one  employed  in  therapeutics  H  •* 
very  probable  iliat  the  fermentations  caused  by  cells  arc  also  in  rti^ 
due  tf»  en/ymes. 

.  Nothing  is  definitely  known  concerning  the  chemic  nature  of  If*' 
ments.  or  the  manner  in  which  they  produce  their  actions,  TJicy  HJ** 
never  been  isolated  in  pure  condition  (the  commercial  f^eparttti<ru 
are  quite  impure).  The  analogous  phenomena  exhibited  by  C'^'^ 
metals  (sec  Index)  incline  to  the  view  that  the  property  is  cftiincftf^ 
with  the.  colloid  nature  of  the  ferments,  presumably  with  the  «irf>ff 
action  of  the  aggregate  particles.      The  action  of  fcrmf"  ■  "^"' 

hy  many  ffoisons,  especially  bv  the  antiseptics,  quinin.  *_  '■ 

The  comparative  retarding  effect  is  not  the  same  for  all  icrTn.-m^' 

When  several  proteolytic  ferments  are  put  in  action  at  the  4** 
time,  they  often  destroy  each  other:  pepsin  and  trypsin  digot  eK* 
other;  rennin.  invertin,  and  cmulsin  do  not  seem  to  be  affected  Vf 
them;  diastase  is  not  harmed  by  invertin  and  trypsin,  but  is  wakc^ 
by  pepsin. 

■  It  is  therefore  irrational  to  gilt  by  the  month  any  fermtni  oiAick  * 
inieudcd  to  act  in  the  intestine,  tmless  it  is  administered  in  nM  O 
glutei  capsules. 

'  The    term    "  frrmentxtion "    Ei    flcrired    from    fermcntuin,    I<« 
pmhahty  from   fcrvcrc,  10  boil.     It  was  orisinally  applied  to  all  cffe 
'  Excrciie    19. 
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When  the  importance  of  ferments  (  enzymes)  in  digestion 
was  recognized,  the  thought  lay  near  at   hand  that  they 
would   be   useful    in   many   kinds   of  digestive   disorders. 
However,  much  skepticism  has  arisen  in  recent  years  as  to 
the  benefits  claimed  as  the  result  of  their  internal  adminis- 
tration.   Gastric  digestion  alone  could  theoretically  be  aided 
by  ferments;  and  physiologists  have  long  since  demonstrated 
that  gastric  digestion  is  relatively  unimportant.    The  symp- 
toms of  dyspepsia  are  rather  due  to  irritation  than  to  defi- 
cient digestion.     And  whilst  there  is  no  doubt  but  that  the 
secretion  of  pepsin  may  be  deficient  in  certain  conditions, 
it  is  by  no  means  proved  that  this  is  the  case  in  the  diseases 
in  which  such  deficiency  is  ordinarily  assumed.     The  bene- 
fits ascribed  to  pepsin   should   perhaps  in  many  cases  be 
credited  to  the  other  remedies  which  are  joined  to  it.    How- 
ever, there  can  be  no  doubt  that  pepsin  itself  is  beneficial 
in  certain  cases;  and  as  its  administration  is  neither  danger- 
ous nor  unpleasant,  it  may  be  tried.    When  the  gastric  juice 
is  deficient  in  acid,  the  activity  of  pepsin  will  be  greatly 
diminished."   The  administration  of  acid  by  mouth  will  not 
always  remedy  this  condition,  since  it  may  l)e  too  quickly 
absorl>ed.     In  this  case  Papain  may  be  preferred,  since,  it 
acts  in  all  media.     L'nff>rtunately,  the  commercial  prepara- 
tions of  this  ferment  differ  ver}'  greatly  in  their  value,  and 
often  do  not  possess  any  digestive  property.     No  results 
whatS4:»ever  can  l>e  looked  for  from  the  administration  of 

K  pancreatic  ferments. 
Vhilst  the  usefulness  of  ferments  on  internal  adminis- 
ion  is  therefore  a  ven,'  limited  one,  the  case  is  quite 
ercnt  with  in  intra  digestion.    They  are  of  the  greatest 
value  in  the  preparation  of  prcdigested  food  (see  index). 

rnother  use  to  which  the  proteolytic   ferments  may  l>c 
is  the  solution  of  croupous  or  diphtheritic  membranes  by 
local  application. 

^m  I.   Proteolytic   Ferments. 

PipsinuM  (V.  S.  P..  B.  P.). —  Pepsin. —  Ohtained  from  the  mucous 
memhrnne  of  th«  <tomach  of  the  pig  (or  ^heep  or  calf,  B.  P.).  Capable 
of  HigcUing  not  less  than  5,000  part»  of  coagulated  cgg-albumcn 
^.  S,  P.)  Ij.SOO  parts,  B,  P.]  when  the  left  is  made  according  to  the 
fial  directions. 

''arious  processes  are  used   in  its  manufacture.    The   product  fnar 
rn   powder  or  scales.     It  is   soluble  in  water,   insoluble    in   alcohof, 
etc.    Dose:   a2    to   !x>   Gtn.    (3   to    15    grains)    (0.25   Gtn.  ^4    gn., 
P>. 
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Pepsin  will  {practically)  digest  only  in  on  acid  medium  (04%  HO 
IS  the  best). 
PreparalioHs: 

*  Pcpsinum  Saccharatum.—Saccharated  Pepsin.—  Contains  t 
part  of  the  above  pepsin,  triluralcd  with  9  parts  of  sugar  of 
milk.  It  should  digest  300  times  its  weight  of  cgg-tlbomen 
Dosi-  O.J  to  4.0  Gm.  (5  to  60  grains).  Combined  with  Bismuth 
Siibnitrate  as  powder,  this  is  one  of  the  favorite  rcmcdicv  m 
infantile  diarrheas. 

*  Liquor  Pepsini  (N.  F.).— Pepsin  4.  Hydrochloric  Acid  U 
Glycerin  J2,  Water  to  100.  Dose:  4  to  8  c.  c.  (l  to  J 
drachms). 

*  Liquor  Pepsini  Aromaticus  (N.  F.).— Contains  1.75%  ?t^ 
sin,  1%  of  official  Hydrochloric  Acid  ^=54%  absolute,  Aro- 
matics.  Glycerin,  and  Water.  (Each  fluidrachm=i  grain  of 
Pepsin.) 

•Glyccritum  Pepsini  (N.  R.  B.  P.).— 8.5%  Pepsin,  \%  Hydro- 
chloric Acid.  50%  each  Glycerin  and  Water. 

A  similar  preparation  ("Essence  of  Pepsin")  is  made  by  «*' 
trading  the  stomachs  directly  with  glycerin. 

*  Elixir  Pepsini   (  N.  F.).— 1.75%. 
^Vinum  Pepsini  (N.  F.).— 1.75%. 

It  is  probable  that  the  alcohol  in  the  last  two  preparations  aus«  * 
gradual   deterioration   in  the  activity  of  the  ferment. 

Pancreatinum  (IF.  S.  P.). —  Pancreatin.  A  mixture  of  termcnw  I"*" 
pared  from  pigs*  pancreas.  Occurs  as  a  dry  p«iwdcr,  soluble  in  wattr 
Dose:  0.5  Gm.  =  7''i  grs..  U.  S.  P.  Digests  best  in  alkaline  »i>IuIioj 
(1%  Sodium  Carbonate),  but  also  somewhat  in  a  verj-  weakly  icio 
solution   (0.1%  HO). 

At  least  four  ferments  arc  present:  Trypsin  (acting  on  proteid*)' 
amylopsin  (starch);  sleapsin  (fats);  and  lactase  (inverting  Ii»ct<«)- 
The  proteolytic  digestion  goes  farther  than  that  prndnccil  by  peps** 
care  must  therefore  be  taken  in  artificial  digestions  that  the  P"^S 
is  not  carried  too  far.  Pancreatin  should  digest  3$  times  its  «nfj» 
of  starch. 

Liquor  Pancreatis  (R.  P.). —  2  c. c.  shonUl  digen  80  c.  c.  of  fflillt 

*  Fnterokinase. —  A  ferment  contained  in  extracts  uf  the  doodenuifl 
Activates  the  proteolytic  ferment  of  pancreatic  juice.  Not  used  thcrt* 
peutically. 

*  Papain  (Papoid.  Plant  Pepsin).—  A  proteol>tic  ferment  frvm  iw 
juice  of  the  unripe  fruit  of  Carica  Papaya.  Pose:  o.l  to  05  (.ffl^' 
to  8  grain.s).  For  solution  of  false  membranes,  used  in  5*t  folnlji* 
Digests  in  either  acid  or  alkaline  medium  (not  in  neuinil)  1"^ 
commercial  preparations  arc  often  inactive. 

A  number  of  other  plants   (Droscra.  etc.)   contain  similar  fermcct» 

*  Ingluvin. —  The  dried  and  powdered  membrane  of  chicken'?  <^* 
Claimed  to  be  especially  useful  in  the  vomiting  of  pregnancy,  f^**^ 
0.5  Gm,,  one-half  hour  after  meals,  followed  by  30  c  c  (1  onncf  I  * 
1%  (official)  Hydrochloric  Acid.     Claims  probably  exaggerated. 

II.  Amylolytic  Ferments. 

Pancreatinum   (see  al>ovc)   also  possesses  an  amylol>tic  fcrmetit. 
Maitum    (U.S.  P.).— Malt.     The    grain    of    harle>-     (Kordeum  ^ 
tickon),  partially  germinated  artificially,  and  then  dried. 

•Not  cpfficml. 
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Extractum  MaUt  (U.S.  P.).— A  watery  extract  of  malt,  prepared 
at  55'  C,  and  evaporated  at  this  temperature  to  the  consistence  of  a 
thick  honey.  Contains  diastase,  which  digests  starch  in  neutral  or 
slightly  alkaline  medium.  The  extract  is  rich  in  carbohydrates,  and 
has  therefore  some  food-value.  Dose:  16  c.  c.  =^43,  U.  S,  P.  Many 
liquid  nialt  extracts  are  in  reality  strong  beers. 

An  analogous  ferment  is  isolated  from  a  Japanese  mould,  Aspergil- 
lus oryzac,  and  marketed  under  the  name  of  Taka-diaslajt\  Dose: 
0.1  to  0.3  Gm.  (2  to  5  grains). 


(B)   SUMMMARY  OF  THE  THERAPEUTICS  OF 
DIGESTION. 

Notwithstanding  the  splendid  work  which  has  been  done 
of  recent  years  in  the  investigation  of  the  dyspepsias,  the 
causes  of  tiiese  con^Iitions  are  still  very  imperfectly  under- 
stood, and  the  treatment  is  essentially  symptomatic.  How- 
ever, if  carefully  carried  out,  the  removal  of  the  symptoms 
is  generally  followed  by  more  permanent  improvement. 
The  most  important  measure  in  this  respect  is  perhaps  a 
proper  regulation  of  the  diet.  The  subject  of  dietetics  can- 
not be  entered  into  in  this  treatise,  nor  can  any  rules  of 
general  applicability  be  laid  down.  An  intelligent  patient 
can  give  the  best  indications  as  to  the  diet  which  is  best 
adapted  to  his  particular  case,  and  if  this  is  adhered  to  for 
sufficient  time  improvement  usually  results. 

Any  attempt  at  a  rational  therapeutic  treatment  can  only 
be  based  upon  a  thorough  physical  and  cheniic  examination 
of  the  existing  conditions ;  else  it  cannot  be  anything  but 
empirical  and  haphazard,  apt  to  do  more  mischief  than 
good.  When  the  pathologic  state  is  well  understood,  we 
may.  from  our  knowledge  of  the  physiology  of  digestion 
and  the  methods  by  which  this  may  be  modified,  arrive  at 
the  theoretic  indications  and  the  manner  in  which  these 
should  be  met.  Clinical  observations  made  with  all  the 
aids  of  modern  science  are  as  yet  hardly  sufficiently  numer- 
ous to  liear  out  these  theoretic  data. 

The  indications  are  as  follows: 

(A)  Gastritis,  Acute  or  Chronic. —  r.  Removal  of  the 
irritant,  whether  toxic,  undigested  food,  or  toxic  products 
arising  from  these.  These  indications  are  met  by  emptying 
the  stomach.  In  aaite  cases  this  may  be  done  by  emetics, 
or  in  either  acute  or  chronic  cases  by  lavage. 

2.  If  the  cause  lies  in  fermentation,  the  lavage  should  be 
carried  out  in  weakly  antiseptic  and  acid  solutions.     The 
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antiseptics  must,  of  course,  be  devoid  of  marked  toxicity. 
Boric  acid,  salicylic  acid,  salol  or  resorcin  are  well  adapted. 
The  acidity  should  be  that  of  the  normal  gastric  juice,  or 
about  0.270  HCI. 

jf.  Protection  of  the  organs  against  irritation.  This  may 
be  done  by  demulcents.  Especially  in  chronic  cases,  it  is 
best  to  employ  those  which  are  at  once  nutritive,  such  15 
milk  (^r  eggs.  With  irritant  poisons  mucilage  or  oil  may 
be  more  effectual. 

7.  Physiologic  Rest. —  This  may  be  secured  by  using  food 
with  the  minimum  of  indigestible  residue  and  the  maximum 
of  nutritive  value  to  a  given  bulk.  It  should  be  as  free  as 
possible  from  large  particles,  and  it  may  be  necessary  io 
use  it  entirely  in  liquid  form.  In  some  cases  it  will  be 
necessary  to  have  the  food  largely  predigested. 

5.  In  the  chronic  form  a  mild  irritation  may  be  indicated. 
This  may  be  secured  by  carbonated  waters,  by  salts,  or  by 
the  general  group  of  stomachics  —  bitters,  light  alcoholic 
beverages.  carminati\'es,  etc. 

(B)  Hyper  secretion  of  mucus  demands  lavage.  ThisiJ 
rendered  more  efficient  if  a  small  quantity  of  alkali,  most 
usually  sodium  bicarbonate,  is  added.  The  latter  is  f^f" 
quently  beneficial  even  witliout  lavage.  The  astringt'^^^ 
may  also  be  useful,  especially  bismuth  in  the  form  of  siib- 
nitrate. 

(C)  Anacidity  demands  the  administration  of  acids  and 
bitter  stomachics.     Alkalies  are  contraindicated. 

Hyperacidity  causes  irritation,  and  should  be  renn^^^ 
by  alkalies.  The  irritation  may  be  lessened  by  llic  atlmifl* 
istration  <if  demulcents  or  of  oils. 

(D)  Absence  of  Ferments — The  ferments  were  ^up* 
posed  to  be  lessened  in  many  chronic  diseases,  as  chlorosis 
tuberculosis,  etc.  There  is  no  proof  for  this  belief,  ami  they 
are  generally  much  less  subject  to  change  than  the  acid- 
secretion.  It  is  established  that  they  are  often  deticlcttt  «i 
chronic  gastritis,  in  carcinoma,  and  in  certain  ner%'t iu>  f^?"^' 
pepsias;  whilst  they  arc  increased  in  other  ca^es  i-t  the 
latter  and  in  ulcers.  However,  it  is  doubtful  whclte  ^^* 
ferment  action  of  the  stomach  is  very  important. 

Deficiency  of  pepsin  may  be  met  by  the  introduction  of 
the  artificially  prepared  ferment.  Notwithstanding  J^ 
doubts  which  may  be  entertained  as  to  its  theoretic  indica- 
tion, it  appears  to  give  clinical  results,  and  can  do  no  hanft. 
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Papain  has  the  advantage  of  digesting  in  all  media.  The 
advantages  of  ingluvin  are  perhaps  doubtful.  Pancreatin 
can  do  no  good,  since  it  is  destroyed  in  the  stomach. 

The  secretion  of  ferments  may  be  stimulated  in  a  more 
rational  manner  by  stomachics. 

(E)  The  symptoms  of  dyspepsia  are  as  often  due  to 
motor  deficiencies  as  to  faulty  chemic  digestion.  The  in- 
dications in  this  condition  are  met  by  lavage;  small  amounts 
of  food  taken  at  frequent  but  regular  inter\'als;  the  preven- 
tion of  fermentation  by  acids;  the  appHcation  of  cold  and 
electricity;  the  administration  of  salts  or  nux  vomica. 

(F)  Many  cases  of  dyspepsia  are  purely  nervous;  /.  e,, 
unconnected  with  any  pathologic  alteration.  In  these  cases 
the  education  of  the  patient  to  greater  confidence  is  of  most 
importance.  Of  drugs,  caflfein,  nux  vomica,  and  bromids 
are  variously  successful. 

Some  of  the  clinical  symptoms  may  become  sufficiently 
prominent  to  require  special  treatment.  Pain  can  be  re- 
lieved by  heat,  or  if  necessary  by  narcotics;  gas  by  sodium 
bicarbonate;  anorexia  by  stomachics;  bad  taste  by  aromatics 
(myrrh). 

Intestinal  dijcestion  seems  to  require  no  special  aid  un- 
less bacterial  ])rucesses  supervene,  when  a  purge  will  answer 
the  indication.  If,  however,  the  intestine  is  the  seat  of 
inflammation,  or  when  excessive  food  is  needed,  it  may  be 
well  to  lessen  its  labor  by  the  administration  of  predigested 
foods. 

(C)   NUTRIENTS. 

Another  class  of  diseases  in  which  tht-  digestion  needs  special  atten- 
tion comprise*-  those  in  which  forced  nutrition  is  indicated.  These 
require  care  not  to  overtax  the  digestive  OTRans,  an  object  which  niay 
be  ';eciirefl  hy  the  proper  selection  of  the  food  and  hy  artificial  predi- 
gestion.  The  subject  of  dietetics  cannot  be  entered  into  here  in  its 
hygienic  aspects,  but  only  in  so  far  as  it  relates  to  iherapeutics.  The 
subject  of  infant  feeding  is  left  for  special  text-books.  The  treatment 
of  obesity  and  diabetes  is  also  studied  preferably  in  connection  with 
these  diseases. 

In  discussinK  the  different  kinds  of  nutrients,  we  will  follow  the 
ifsual  classification  into  proteids.  fats,  and  carbohydrates:  but  it  must 
he  remembered  that  all  three  classes  must  be  administered  to  secure 
the  required  object. 

1,  Proteids. —  Of  the  various  meats,  young  lean  beef  is  in  most 
cases  the  most  easily  digested.  The  white  meat  of  fowl  enjoys  a  spe- 
cial reputation,  and  whilst  most  clinicians  support  this,  no  chemic 
differences  between  it  and  the  dark  meat  have  yet  !x;en  denn^nst rated. 
Cooking,  in  any  form,  while  it  lessens  the  digestibility  m  I'itro.  develops 
aromatic  products  which  act  as  stomachics.     Rate  meat,  finely  scraped, 
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is  very  highly  nutritious  and  easily  digested.  It  h  usually  flavored 
with  a  little  scraped  onion,  salt,  etc.  Care  must  be  taken  that  it  <kw 
not  contain  parasites.  It  has  been  claimed  that  dogs  fed  on  raw  meil 
resist  tuberculous   infection  belter  than  ordinary  animals. 

EW"  present  proleids  in  a  very  digestible  fomn,  especially  whrr 
soft  boiled.  They  have  the  disadvantage  that  they  so*»n  become  dfc* 
some.  Milk  contains  not  only  proteids,  but  also  carbohydrate*  ind 
fats.  It  also  quickly  becomes  tiresome  to  adults,  and,  further,  it  la* 
a  tendency  to  produce  constipation.  The  former  objection  may  be 
obviated  by  giving  it  in  different  forms,  such  as  curd  produced  bj 
rennet,  as  koumiss,  etc.  The  proteid  of  milk  —  cheese  —  is  very  rich 
in  assimilable  .nitrogen,  but  it  is  often  not  vcr>*  digestible.  The  casein 
is  precipitated  from  the  milk  in  the  stomach  by  the  rennin  and  aci^ 
This  curd  is  finer,  and  therefore  more  digestible,  if  barley  water'  :? 
added  to  the  milk. 

The  proteids  of  vegeUbles  are  less  easily  assimilable  than  tho« 
of  animal  origin.  They  require  very  thorough  cooking.  LcgunW 
are  liable  to  give  rise  to  flatulence  and  diarrhea,  through  bacterial  (i^ 
composition  of  their  carbohydrate  constituents. 

Gelatin,  although  not  a  true  proteid.  contains  a  large  pcrcefll^l^ 
of  nitrogen,  and  it  may  replace  the  proteid  constituenli  of  the  fow 
to  some  extent  (as  usually  given,  by  about  25%),  but  not  entirely 
It  is  easily  digested. 

Types  of  Proteid  Preparations. —  The  various  commerciil  ^ 
domestic  products  may  be  reduced  to  the  following  types: 

(a)  Bouillon  and  Meat  Extracts.— Bouillon  (beef-tea)  is  (t^ 
pared  by  boiling  meat  with  water:  the  extracts  by  evaporating  ih' 
solution  to  a  semi-solid  consistency.  The  coagulahle  protctd>  >™ 
removed  by  this  process,  the  extract  containing  the  >alls  of  the  nieil- 
the  flavoring  substances  and  meat  bases  (xanthin  and  creatin  pnxiort*' 
and  a  certain  amount  of  non-coagulabic  proteid,  in  the  form  of  8^ 
tin,  albumoses.  etc.  In  the  small  amounts  in  which  thev  art  u"*^ 
these  preparations  contain  a  very  ivsigni^cant  Quantify  of  nutrrMf*^ 
They  are,  however,  z^aluable  as  stimutonfs.  They  owe  their  ifi*^"' 
largely  to  the  odorous  principles  which  they  contain,  and  whicli  >^^ 
excellent  stomachics. 

The  potassium  salts  have  also  been  invoked  to  explain  the  act"^ 
it  being  claimed  that  they  stimulate  the  heart  in  moderate  do<e*  y*' 
paralyxe  it  in  large  doses.  But  the  dose  required  to  produce  ll>e  f'^f* 
mer  effect  is  very  much  larger  than  would  be  administered  in  bcrf-tf^ 

The  meat  bases  (xanthin,  hypoxanthin,  creatin:  etc.)  probjbi; 
participate  in  the  stimulating  actions.  They  arc  closely  related  to  tl« 
caffcin  group  (Chapter  VIII),  since  they  are  all  purin  derivative*. 
These  are  especially  abundant  in  cellular  tissues  (th>Tnus,  spleen,  e«l- 
the  quantity  in  different  varieties  of  meat  is  about  flie  same-  P^**- 
beans,  oatmeal,  asparagus,  onions,  and  beer  also  contain  notable  f^ 
portions.  They  have  Iwen  blamed  for  the  production  of  gnut,  M 
on  insufficient  evidence.  Nevertheless,  a  purin  free  diet  (cggsrtce.iw 
milk)  seems  to  be  Iwneficial  in  nephritis  and  eclampsia.  Atjoiit  50  J* 
60%  of  the  ingested  purins  are  excreted  as  such  in  the  urine,  hsnw*' 
ing  the  "exogenous"  purin.  The  remainder  is  oxidized.  A  d«6iirtt 
amount  of  the  urinary  purin  is  derived  from  cell  metabolism  (endof 
enous  purin).  ^ 

Bouillon. —  One  kilo  of  medium  lean  beef  gives  2.5  L.  bouillon  Of 
the  following  composition   (Gaulier): 

'  Barfly  rvattr  i«   prepared  hy    washing   1    part   nf  harlcv.   tBolliBg   few   t  A**l 
time   *(th    4   parta   of    water.   Mratniog   off   ilie    Init""'!.    atj«i    Notlins    tin 
twrley  with  30  port*  of  wattr  down  i>   1  ■-  c-iri 
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(BouiLLOX)    Per 

Albuminoids    7.5  • 

Creatin  Bases  0.9 

Xanthin     0.25 

Taurin,  etc o.  1 2 

Inosit   and    Glycogen 1.40 

Lactic  acid  a20 

Extractives 4.60 

Soluble  mineral    salts 3-76 

Insoluble  mineral  sails 0.3S 


Liter. 

Gelatin     1.72 

Albumose    0.4IA 

Peptone   $,30 


FcHPO 0.02 

HCl    0.72 

CaHPO 0.12 

NaCl    ai5 

K=SO.    0.3s 

K.HPO 3.60 

MgHPO*    023 


IQ.tl 

Beef-tea  made  with  dilute  HCl  (0.2%  to  0.4%)  instead  of  water. 
It  would  seem  on  theoretic  grounds  that  this  could  be  made  quite  nu- 
tritious, although  there  are  few  clinical  data.  Alkali  albuminates  de- 
range the  stomach. 

*  Exiractum  Carnis  LUbig. —  Beef-extract — An  evaporated  decoction 
ol  meat. 

Composition  of  Liebig's  Extract: 

Per  Cent.    (GAUTtER.) 

Water    15.26 

Coagulable  proteids    0.05      "l 

S&s;:::";::;:::::::l:S  Mbu-ninoids 36.93 

Peptone     26.07     J 

Creatin    bases    8.30 

Xanthin  bases  0.89 

Inrisii  and  glycogen.  .2.20  to  4.25 

Extractive  matter   11.98 

Soluble  mineral   >;alts 21.26 

Insoluble  miitcral   salts....    1.13 

Any  other  similar  prraaration  of  meat-extract  may  bo  used  instead.* 

•  I  ipiutN  Carnis  {^.t.).~Wine  of  Beef:  3.5%  Liebig's  extract  in 
sherry   wine. 

•fmwwi  Carnij  ft  Ferri  (S.F,).— Beef,  Iron,  omd  H'ine:  The  pre- 
ceding with  •/^%  of  iron  chlorid. 

I'inum   Carnis.  Ferri  et   Cinchona    (N.  F.)    contains,   tn   addition, 
cinchona  alkaloids. 

(b)  Beef  Juices. —  Tissue  fluid,  expressed  from  meat  without  beat 
Tlieir  advantage  lies  simply  in  the  mechanical  removal  of  the  fibers. 
They  contain  fy%  to  r2%  of  coagulable  proteid.  :ind  iheorctirally  at 
least,  it  it.  diflficult  t'*  see  in  what  way  they  would  l>c  superior  to  raw 
eggs  mixed  with  t>eef-tca.  which  would  be  very  much  cheaper  Per- 
hap*'  they  are  more  digestible. 

<c)  Insoluble  Meat  Powders, —  These  are  only  important  at  cheap 

*  The  chcraicaJ  cotnpoiitioa  of  a  Bunbcr  of  meal  ntrscn.  vtc,  h  iJvM  hf 

jlcGUI.     tS4,q. 
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meat  suhstittiies.  They  consist  of  the  poorer  parts  of  mfat.  «  of 
vcgfciable  proteids,  rendered  inodorous  by  prolonged  boiling  wilh 
oxidizing  ngents.  Tropott  t'/j  animal  and  ^^j  vegetable  proitidh 
Soson   (milk)  ;  Roborat   (cereals)   may  be  counted  in  this  class. 

(d)  Casein  Product*.— A  large  number  of  casein  products,  hartbccn 
placed  on  the  market.  They  present  a  very  concentrated  form  of  »• 
similabic  protcid  food,  which  may  be  added  to  soup  or  baked  into 
bread.  (Daily  dose  =15  to  45  Gni.  —  2  to  6  even  lablc^poon.'^.)  Hwit 
concentration  make;^  them  valuable  in  anorexia,  whilst  the  ah^cncf  of 
purin  derivatives  makes  them  preferable  to  meals  in  nephritis  and 
uric  acid  diathesis.  They  can  be  prepared  much  more  cheaply  tiun 
m<?al  products. 

Fresh  Casein  can  be  prepared  at  home  by  coagulating  skiro-milk  ai 
28  or  30"  C.  with  rennet,  and  straining  after  \^X  hour. 

The  commercial  products  (which  are  much  more  expcnMve)  «r* 
for  tlie  mt»st  part  casein-salts  of  alkalies :  T\\ty  constitute  lajttlos 
powders,  soluble  in  water,  containing  aI>out  13%  of  nitr«-)gen-  TV 
most  imporiant  are :  Ptasnutn  and  Xutrose  {sodium  coinpouwU) ; 
Euhasin  (ammonium),  and  Sanatogrn  (calcium  glycerinophospluW); 
Galaclogen,  Eulactol. 

These  products  have  alkaline  properties,  which  may  be  ohjfrtion- 
able.  This  is  avoided  in  Sanose,  in  which  the  casein  is  emuUihctl  by 
the  addition  of  J5%  of  albiimuse.* 

(e)  Predigestion  of  Foods  of  all  Kinds.— This  is  undertaken  ffiin 
the  view  of  relieving  the  digestive  organs  of  part  of  their  lalior.  It  »• 
especially  useful  in  rectal  alimentation. 

Carbohydrates  may  be  converted  into  glucose:  fat*  may  be  ^"^ 
fied ;  and  proteids  may  be  converted  into  acid  or  alkali-albiimiii  a™ 
into  albiinioses,  etc.  It  has  been  found  experimentally  that  rhoe  <Jt- 
rived  proteids  can  completely  replace  the  native  proteids  of  ^ 
diet,  and  it  may  Iw  assumed  that  they  tax  the  digestive  organ*  k* 
If  the  predigestion  is  carried  beyond  the  stnge  of  aIbumo*c4.  the  m^ 
is  less  satisfactory;  the  final  products  of  pancreatic  digeslictn  e5pt<i»".^ 
are  useless  to  the  body.  Furlhermore,  excessive  digestion  iitiF^f*  * 
disagreeable  bitter  taste  and  renders  the  preparations  irritant,  w  thJt 
it  must  he  avoided.  The  taste  is  less  marked  if  strict  asepsis  »  ^ 
scr\*cd  during  the  digestion.  It  can  also  be  disguised  by  the  addi*'*' 
of  aromatics  or  of  meat  extract. 

The  means  employed  for  predifiestion  are  various.  Starches  V^ 
boiled  and  then  treated  with  diastase  of  any  kind,  most  commcmlf  •■ 
the  form  of  malt  extracts.  Fats  _  are  emulsified  mechanicalh.  F^ 
mixed  foods,  such  as  milk,  pancrcatin  is  preferred.  For  pmlritl'-.  ^ 
tic  digestion  or  prolonged  heating  with  dilute  acids  is  prcfcrrtJ 

Many  of  these  predigestions  can  be  done  economicallv  at  hotne. 

Gt'neral  Rules  fur  the  Preparation  of  Fredigesud  Poods  of  -^J 
A'lHrf/.— The  meat  should  lie  lean  and  finely  ha.'^hed.  Starch  *M™ 
he  boiled.  The  mixture  is  brouglit  to  about  blood  he-at,  the  frtTi»f™ 
added,  and  the  heating  contintied  at  this  temperature  for  one-half**"^ 
(milk),  or  two  or  three  hours   (meat).  . 

The  quantity  of  ferment  to  be  employed  and  the  ri'jv^/Mii  •>*  '■ 
medium  arc  as  follows,  using  the  United  State?  Pharmacopctial  T**" 
arations : 

Pancreatine  Milk:  For  I  pint  take  S  grains  pancrcatin  and  X»  P*"* 
sodium  bicarbonate' 

'The  literature  of  artiBcial  nmteid  foods  i»  ^vtti  by   Hulifrm.  19«1- 

'  Fancrfatin    and    So.iii    Tahitts.    rontaining    o.n    Cm     of    pMKfulfS  O"  *' 

Cm.   of  sitiliiim   bicarbonate,  are  manufaclure«L     A  lahlrt   suffices   it\r  iW 

of  half  a  pint  of  milk. 
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Rennet.  Milk:     For  1  pint  take  '/S  drachm  Liquor  Seriparus,  N.  F. 

Pepsin,  Meat:  For  t  pound  take  3  pints  water.  2  drachms  pepsin,  I 
ounce  dilute  HG,  U.  S.  P,     Flavor  with  meat  extract. 

(f>  Commercial  Predigested  Foods,  Solid.— The  meat  products 
consist  mainly  ui  albumosc^,  although  they  arc  commonly  called  "  pep- 
tones." 

•  Witte's  peptone  is  not  used  as  a  food,  on  account  of  its  bitter  taste. 

*  Somatome  appears  to  be  the  most  practical  form  of  administering 
meat  albumosc-i.  It  occurs  as  a  soluble*  almost  tasteless,  powder, 
which  is  stirred  into  coffee,  gruel,  etc.  Its  dose  for  adults  is  given  as 
10  to  15  Gm.  per  day.  A  similar  product,  Milk-Somatose.  is  ubtain- 
able  from  milk. 

By  evaporating  carefully  prepared  peptic  meat-digests  to  a  syrupy 
consistency,  an  extract  can  be  obtained  which  contains  sufficient  nitro- 
gen to  be  available  as  food;  when  it  is  flavored  with  meat  extract 
and  condiments,  it  is  not  unpalatable. 

(g)  Liquid  Predigested  Foods  {Ltquid  Peptonoids.  Panvpeptone, 
etc.). —  These  proprietary  preparations  contain  5  to  6%  of  peptonized 
proteid,  12.5  to  16%  of  carbohydrates  (saccharose,  dextrin,  and  glu- 
cose); and  14  to  i77o  of  alcohol.  The  protcid-content  is  about  ij^ 
limes  that  of  milk,  the  carbohydrate*^  about  three  times.  The  daily 
dose  (3  10  12  tablespoons)  wnuld  represent  only  04  to  1.6  Gms.  of 
nitrogen,  and  7  to  28  Gms.  of  carbohydrates.  It  is  evident  that  their 
food-value  is  of  little  signiiicance.  The  "restorative"  qualities  claimed 
for  these  products  arc  due  to  the  alcohol  which  they  contain,  and  are 
in  no  sense  *'  marvellous." 

2,  Fats. —  Fats  are  the  most  extensive  source  of  energy,  and  they 
may  to  a  certain  degree  save  protcids.  They  are  especially  useful  in 
conditions  of  emaciation,  such  as  arc  found  in  tuberculosis,  etc. 

The  digestion  of  fats  in  large  amounts  presents  considerable  diffi- 
culty. Since  they  arc  practically  insoluble,  it  is  evident  that  their 
absorption  will  be  largely  facilitated  by  having  them  in  very  fine 
subdivision;  in  other  words,  by  cmiilsificatinn.  The  fats  which  are 
fluid  at  body  temperature  are  therefore  more  easily  digested  than 
those  which  are  solid  {  Moore,  IQ04).  Thure  is  no  material  difference 
in  the  digestibility  of  animal  and  vegetable  fats. 

The  cmulsification  is  very  greatly  favored  by  the  presence  of  free 
fatty  acids,  which  can  form  soaps  with  the  sodium  carbonate  of  the 
intestinal  fluid;  these  soaps  act  as  emulsifiers.  The  digestibility  of 
the  different  fats  is  therefore  generally  proportionate  to  the  amount 
of  free  fatty  acid  contained  in  them. 

Cod  liver  oil,  which  contains  considerable  free  acid,  is  consequently 
tlie  most  easily  digested  (Buchheim,  1874).  It  also  penetrates  mem- 
branes readily,  perhaps  on  account  of  its  cholesterin  content.  Even 
large  quantities  are  readily  absorbed,  although  they  may  derange  a  deli- 
cate digestion;  but  they  do  not  ordinarily  cause  caltharsis. 

The  superiority  of  this  oil  over  other  fats  is  so  striking,  that  other 
explanations  have  been  so^ight.  The  effect  has  been  attributed  to  the 
non-fatty  constituents,  wh*ch  may  be  remove<l  by  alcohol  (constituting 
the  so-called  extracts,  or  "tasteless"  preparations);  to  the  ptomains, 
cholcsterin.  traces  of  iodin  and  bromin,  etc  The  evidence  for  this 
theory  is  very  weak.  Tliese  products  are  certainly  worthless  nutrients. 
On  the  other  hand,  an  artificial  substitute  for  cod  liver  oil,  made  by 
adding  i  part  of  oleic  acid  to  6  of  olive  oil  (lipanin),  has  been  fairly 
successful 

Oleum  MofThiUB  (XJ.  S.  P.,    B.  P.)     {Oleum    Jecoris   AselU).^Cod 

•  Not  official. 
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Liv^r  Oil. —  A  fixed  oil  from  the  fresh  livers  of  Gadus  Aforrhua  ind 
Other  species,   Pisces. 

Besides  the  ordinary  constituents  of  animal  fats,  it  contains  a  targe 
proportion  of  free  fatty  acids;  it  also  contains  biliary  conslitucnti  ind 
traces  of  iodin  and  phosphorus  and  ptomains,  the  quantity  of  ibe  lif- 
ter varying  with  the  time  that  the  hvers  have  lain  before  the  txiw- 
tion  of  the  oil. 

Dose:  8  to  15  c.  c.  (2  to  4  drachms),  ben  given  in  emulsion. 

Emubum  O/t'i  Morrhuts  ( U.  S.  P.— 50%  of  the  oil,  emulsified  with 
acacia,  and  flavored  with  oil  of  gauttheria.  Any  other  flavor  may  Ik 
specified.     Dose:   twice  the  preceding   (8  c.c.  =  23,   U.S.  P.). 

Emuls.  01.  Morrh.  cum  Hy^ophosphitibus  (U.  S.  P.).— The  ibovt 
emulsion,  with  the  addition  of  the  hypophosphitcs  of  calcium,  pott^ 
slum,  and  sodium.     Dose:  as  the  preceding. 

Emulsions  of  petroleum  have  also  been  introduced  as  nutrients,  M 
are  entirely  unabsorbable  and  without  action,  except  as  intcatiul 
emollients  (Hutchison,  1899). 

Butter  is  also  vcr>-  digestible,  since  the  globules  of  fat  which  fono 
it  arc  in  a  state  of  fine  subdivision.  This,  of  course,  does  not  IwM 
true  of  butter  which  has  been  melted,  and  which  is  no  more  digtst*'''* 
than  other  melted   fats. 

The  least  digestible  of  fats  is  the  fatty  tissue  in  which  the  celli  are 
intact,  such  as  bacon,  etc.  However,  a  heaUhy  individual  is  aWt  to 
digest  perfectly  moderate  amounts  of  any  fat.  The  difference*  bccomf 
important  only  when  very  large  quantities  must  be  taken,  or  whoi  iIk 
digc*itioii    is  deranged. 

3.  Carbohydrates. —  These  are  also  useful  as  sources  of  energy  toA 
possibly  for  the  formation  of  fat.  They  cannot,  however.  S5>f  P"** 
tcids  as  efficiently  as  the  direct  addition  of  fat  to  the  diet.  Cirbt)* 
hydrates  may  he  given  in  the  form  of  starch  or  sugar.  Both  i«  "^ 
the  most  part  converted  into  glucose  before  being  absorbed.  ^ 
digestion  presents  considerable  difficulty  in  the  case  of  raw  jtawh.  so 
that  a  thorough  boiling  is  essential.  The  finer  starchc*  (arrow-root* 
tapioca,  sago,  salep.  etc.)  used  for  invalids,  possess  mainly  the  adran- 
tage  of  a  finer  flavor. 

The  starches  of  the  leguminous  plants  are  not  *o  easily  digcstt*!  >» 
those  of  the  cereals.  Starclies  may  also  be  predigcstcd  by  nuHii»« 
Such  preparations  found  on  the  market  as  "malted  foods"  are  supet'^'f 
to  glucose  or  cane-sugar  by  causing  less  gastric  irritation. 

Decoctions  made  from  Irish  and  Iceland  moss  also  serve  to  *o«* 
extent  as  nutrients,  but  the  gums  of  which  they  are  constitotwi  '''' 
not  digest  very  readily.  Glycerin  also  aids  in  saving  the  protewi*  '^ 
a  small  extent,  hut  would  not  be  given  as  fno<l.  The  rules  for  aicvisl 
have  been  discussed  in  connection  with  this  drug  (see  Index), 

Levulose  has  been  recommended  as  a  substitute  for  sugar  m  diabftc* 
since  it  is  utilizable  when  other  carbohydrates  are  not.  It  occur*  * 
the  market  as  Diabetin.  Its  use  has  not,  however,  become  KfJ 
popular. 

MATERIA  MEDICA. 

Saccharum. —  See  Index. 

Amylum.— i'/jrr/i. —  The  official  is  the  corn-starch,  but  thr  w"' 
starches  act  similarly.  They  are  also  used  as  tiulrients  Amnr'n^ 
is  often  given  for  the  latter  purpose.  They  are  boiled  with  wtlet;  *♦ 
flour  may  also  be  used,  but  is  not  as  smooth: 
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Xmylum  (Maidis)  ^  corn-starch. 
Tritici        =^  wheat  starch, 
"        Oryzx        ^  rice  starch. 

Tapioca,  Sago,  etc.,  belong  rather  to  the  nutrients. 

The  starches  may  be  distinguished  microscopically   (Fig.  I,  page  22}. 

Oatmeal  porridge  is  a  convenient  way  of  administering  pills  or  pow- 
ders, these  being  placed  in  the  center  of  some  of  the  porridge  in  a 
spoon. 

Other  demulcents,  not  quite  as  often  used  for  this  purpose,  arc  the 
following.     They  are  all  used  as  decoctions; 

* Saicp. —  The  tuber  of  varions  species  of  Orchis;  contains  gum  and 
starch. 

*Dextrinum. —  Dextrin. —  Prepared  by  heating  starch  with  nitric 
acid.  Presents  all  the  characters  of  giim  arabic,  and  forms  the  prin- 
cipal ingredient  of  commercial  mucilages.  A  good  formula  for  this  is 
the  following  (Sykcs):  Mix  180  Gm.  of  dextrin  with  180  c.  c.  cold 
water;  add  240  c,  c.  boiling  water  and  boil  five  minutes,  stirring  con- 
stantly. Add  hot  water  q.  s.  400  c  c.  Whca  cold,  add  ^0  c.  c.  dilute 
acetic  acid,  10  drops  carbolic  acid,  and  30  c.  c.  of  glycerm,  previously 
mixed. 

Bect&l  Feeding. —  This  becomes  necessary  when  alimen- 
tation by  the  mouth  is  inadmissible.  Carbohydrates  are 
well  absorbed  by  this  channel ;  fats,  undigested  proteids, 
milk  and  casein  poorly.  The  absorbability  may  be  increased 
by  pancreatic  predigestion  {Reach).  Rectal  alimentation 
suffices  for  only  a  limited  time,  varying  with  the  previous 
condition  of  the  patient,  especially  as  regards  adipose  tis- 


sue. 


The  food  is  introduced  into  the  rectum  in  the  form  of  cnemata. 
These  must  be  made  as  non-irritant  as  possible;  1.  e.,  they  must  not 
be  too  concentr.ited,  and  must  be  nscd  in  small  quantities,  of  i  to  8 
ounces  at  each  injection.  The  constituents  must  of  course  all  be  in 
the   liquid   form. 

Subcutaneous  feeding  —  alimentation  by  suhcittaneous  injections  — 
has  also  been  attempted.  This  i-;  impracticable  for  proteids  and  carbo- 
hydrates, for  their  injection  causes  a  nephritis  if  they  are  used  for 
some  time.  Nor  are  they  of  any  use  as  nutrients,  for  while  the  proteids 
are  burned  in  the  organism,  they  do  not  seem  to  save  any  other  con- 
stituents, and  animals  die  even  more  quickly  than  when  simply 
starved.  Glucose  is  utilized  somewhat  more  cfTiciL*ntIy.  dextrin  and 
Rlyogcn  only  moderately,  and  saccharose  scarcely  at  all  (Mendel  and 
Miichell.  1905).  Oil.  however,  can  be  very  well  given  by  this  method ; 
10  to  100  Om.  per  day  of  olive  oil  being  slowly  injected  into  the  subcu- 
taneous tissues  with  the  same  technique  as  is  used  for  the  injection 
of  antitoxic  scrums.  The  absorption,  however,  is  so  slow  that  these 
injections  are  almost  worthless  (Wintemitz,  1903;  Henderson  and 
Crofutt,  igo5). 

*  A  patient  may  be  kept  ■live  for  6  days  by  the  exclusive  use  of  three 
rnrmata  per  da^.  each  conuininfc  j.>;o  c.  c.  of  milk,  one  yolk  of  egg,  one  Icnffc- 
|>otnt  of  salt,   with   some  flour  and  claret. 
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(D)  GENERAL  TONICS  AND  ALTERAT1\'ES. 

These  terms  are  used  very  loosely.  They  relate  to  purely 
clinical  phenoinena.  without  taking  into  account  the  under- 
lying- action.  As  therapeutic  groups,  therefore,  they  include 
a  very  heterogeneous  collection  of  remedies. 

Tonics  are  defined  as  remetlies  which  improve  the  general 
health,  vigor,  and  energ^^  of  the  patient;  Alteratives.  2ii 
those  which  alter  metaholism.  The  latter  are  usually  em- 
ployed for  the  production  of  tonic  effects. 

Tonics  and  Alteratives  are  found  generally  useful  in  all 
conditions  in  which  there  is  faulty  nutrition.  This  may 
arise  from  faults  of  diet  or  digestion;  from  excessive  or  in- 
sufficient use  of  tissue;  from  faulty  oxidation  or  excretion 
of  waste-products;  or  from  other  pcr>'ersions  of  metaMism 
not  at  present  understood.  Such  conditions  occur  almost 
invariably  in  the  course  of  chronic  disease  or  poisoning.  In 
other  words,  whenever  one  or  more  organs  are  prcvenlM 
frnm  fnlfilling  their  functiijn  in  a  normal  manner,  the  niitn- 
tion  of  the  whole  body  suffers,  and  the  phenomena  of  gen- 
eral lassitude,  want  of  energ>\  nervousness,  neurasthenia- 
etc.,  make  their  api)earance. 

When  the  underlying  cause  can  be  discovered  and  re- 
moved, this  will  also  remove  the  symptoms.  But  in  many 
cases  this  is  impossible,  and  the  conditions  must  be  tnrairf 
symptomatically.  Certain  tonic  measures  arc  then  ahvavi 
indicated  and  of  benefit :  Diet,  attention  to  the  stomach 
and  intestine,  stomachics  and  nutrients,  hygiene,  exercise,  o^ 
rest,  baths,  climate.  Certain  "  nerve-tonics"  are  also  gen- 
erally useful.  These  are  drugs  which  increase  the  irrita- 
bility of  the  spinal  cord,  and  hence  the  reflex  tone,  wtiiclii^ 
usually  low  in  these  conditions.  Strychnin  is  the  t^^ 
typical  of  this  class. 

When  the  cachexia  is  more  profound. —  as  in  tuberculo- 
sis, tumors,  anemias,  in  the  '*  dyscratic  disease?." — the^ 
tonics  will  scarcely  be  sufficient,  although  always  useful- 
Recourse  is  then  had  to  alteratives. 

The  value  of  this  class  of  drugs  was  established  cmp'T 
ically.  and  was  at  first  considered  more  than  doubtful,  vv^^^ 
the  critical  spirit  of  rational  therapeutics  subjected  xhm^^ 
scientific  inquiry.  Direct  experiments  intended  to  demon- 
strate their  action  upon  metabolism  gave  very  incoi^taitf 
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results,  nor  were  the  clinical  data  at  all  uniform.  However, 
experience  speaks  so  strongly  in  their  favor  that  most  mod- 
em pharmacologists  and  clinicians  acknowledge  their  action. 

The  inconstant  result*;  are  not  surprising.  Indeed,  we  know  much 
less  about  their  action  than  is  generally  supposed.  When  we  slop  to 
consider  that  even  in  mctabolism-expcrinicnls  on  animals  at  least  three 
factors  arc  involved  —  ahsorptton,  metabolism,  and  excretion  —  and 
that  each  of  these  will  be  modified  by  a  number  of  side-actions,  it  will 
be  plain  that  the  results  will  not  be  easy  to  interpret.  A  consultation 
of  the  original  literature  impresses  one  with  the  fact  that  the  increase 
or  decrease  of  nitrogen  excretion  noted  in  most  experiments,  and 
quoted  as  decisive  in  most  text-books  on  therapeutics,  is  so  small  as 
to  fall  within  the  natural  variations,  and  may  be  purely  accidental. 
Indeed,  the  number  of  drugs  of  whose  effect  on  metabolism  we  can 
feel  certain  is  growing  less  and  less.  Nor  arc  we  any  better  off  in 
regard  to  the  disturbance  of  metabolism  in  the  diseases  themselves. 
In  such  diseases  as  scurvy,  gout,  diabetes,  phthisis,  chlorosis,  and 
carcinoma,  where  there  is  undoubtedly  marked  nutritive  derangement, 
the  study  of  ihe  metabolism  by  our  present  methods  presents  no  strik- 
ing peculiarities.  The  fact  of  the  mailer  i^,  that  the  examination  of 
the  end-products  gives  us  hut  very  little  indication  of  what  really  oc- 
curs in  metabolism,  and  yields  hut  very  little  insight  into  what  appear 
to  be  some  of  its  most  important  phases.  We  may  conceive,  for  in- 
stance, that  the  anruumt  of  N  absorl)ed  and  excreted  is  quite  normal, 
but  that  in  its  disassimilation,  the  molecule  fails  to  pass  through  some 
particular  stage  necessary  to  the  organism. 

The  pharmacologist  may  predict  that  for  certain  reasons  a  certain 
poison  is  bound  to  produce  some  modification  in  tissue  change.  The 
clinician  may  record  that  it  is  beneficial  in  a  certain  proportion  of 
cachectic  disease  of  a  certain  type.  But  as  long  as  the  former  cannot 
predict  the  nature  of  the  change  in  all  its  phases,  nor  the  latter  explain 
the  nature  of  the  condition  which  he  finds  benefited,  so  long  will  a 
rational  application  of  alteratives  be  impossible.  They  must  he  tried 
empirically  in  every  case,  one  after  the  other.  Used  in  this  way,  they 
are  often  very  serN-iccable. 

The  principal  exceptions  to  this  empiricism  are  the  bene- 
fits of  thyroid  in  thyroid  disease  and  in  obesity;  of  ovarian 
substance  in  post-climacteric  conditions;  and  possibly  those 
of  mercury  in  syphilis. 

From  a  pharmacologic  standpoint  we  may  conceive  the 
action  of  these  substances  on  the  cells  as  being  due  to: 

1.  Irritation  as  molcailar  foreign  bodies  (neutral  salts, 
especially  iodids;  alcohol). 

2.  Change  of  reaction  of  tissues  (acids  or  alkalies). 

3.  Direct  diminution  of  oxidative  changes  (P,  As)  or  N 
metabolism   (quinin). 

4.  Substitution  of  their  own  molecules  for  those  of  the 
tissues  (alcohol,  fats). 

The  numerous  vegetable  alteratives  are  either  entirely 
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inactive  or  owe  their  action  to  the  presence  of  bitter  or 
cathartic  principles,  and  are  discussed  in  those  groups. 


MATERIA  MEDICA. 

Guaiaci  LigMum  (B.  P.). —  The  heart-wood  of  Guaiccnm  o^inoU. 
7ygophylle3e ;  West  Indies  and  other  parts  of  America.  Contains  J) 
to  25%  of  the  Resin  and  some  saponin  (a  trace  of  the  latter  is  alw 
contained  in  the  resin).  There  is  some  reason  to  believe  thst  the 
saponin  is  the  bearer  of  the  action,  which  is  nauscant  and  purgabvf. 
Gtiaiac  is  an  almost  obsolete  remedy  for  s>*pf>ilis,  gout,  rheiimaliBa 
Inberculosis,  etc.  It  was  introduced  soon  after  the  discover)  oi 
America. 

Guaiacutn  (U.  S.  P.)  [Guaiaci  Rcsina,  B.  P.]  (Gum  Guaiac).— The 
resin  of  the  above.  85%  of  this  is  sol.  in  alcohol.  It  contains  «  ninn- 
bcr  of  resinous  acids,  especially  guaiaconic  acid,  which  is  colored  bloc 
by  oxidation.     Dose:  i  Gm.^15  grs. 

Mistura  Guaiaci  <B.  P.). —  Dosr:  15  to  30  c.  c.  (V5  to  i  Of.). 

Tinctura    Guaiaci    (U.  S.  P.)  —  J0%.     Alcohol.     4   c.  c.  =  ii 

Tinctura  Guaiaci  Amntoniata  (U.S.  P.,  B,  P.). —  20%.  Made  will) 
aromatic  spirits  of  ammonia.     2  c.  c.  =^  tr^- 

Trochisci  Guaiaci  Rcsina  (B.  P.). —  Each  conlains  0.2  Cm.  (j  F^)- 
Dose:  2  to  4  c.  c. 

Sabal  (U.S.  P.).— (^flu-  fa/mff/o.)— The  partially  dried  ripe  frWt 
of  Sercnoa  sctrulata.  Palm*.  Statements  as  to  presence  of  jjkakiid* 
and  volatile  oils  arc  contradictor}'.  Recommended  as  nutritive  ionic 
alterative,  in  respiratory  diseases,  digestive  disturbances,  as  aphro- 
disiac, etc.,  etc.  Of  very  doubtful  value.  Dose:  l  Gm.  =  t5  V^ 
V.  S.  P. 

*  Jambul. —  The  fruit,  leaf,  or  bark  of  Sysygium  Jamhulana.  Mjtti- 
CKC,  Eastern  Asia.  It  contains  an  essential  oil,  tannin,  and  prctAwy 
a  glucosid.  It  has  been  recommended  in  Diabetes  Mclhtu!s  tn  i^^ 
of  o^  to  0.5  Cm.  of  the  fruit  (5  to  8  grains).     Efficiency  doubtful 

*  Chaulmoogra  Oil. —  A  fixed  oil  from  the  seeds  of  Gyno(^f^** 
odorata,  Bixinex,  Malay  peninsula  and  North-eastern  India.  0\  tffl>" 
porary  benefit  in  leprosy,  but  does  not  give  permanent  cure.  Its  «0(>- 
page  causes  collapse.  The  use  is  purely  empirical.  As  it  becomes  very 
nauseating,  it  is  best  given  hypodermically.  in  doses  of  a3  to  oJ*  Or> 
(5  to  10  drops).  The  oral  dose  is  i  to  3  Gm.  (15  to  45  grain*)  P<^ 
day. 

The  oil  is  buttery,  of  greenish  yellow  color  and  pecniiar  ^^^^ 
taste.  It  contains  i9>%  of  g>*no-cardic  acid,  which  ha*  also  been  tflti 
in  doses  of  0.03  to  0.2  Gm.   {V2  to  3  grains). 

( Power  and  Barrowcliff  state  thai  the  ordinary  ofl  is  derived  M* 
the  seeds  of  Taraktugcuos  Kursii). 

*  Echinacea. —  The  root  of  Echinacfa  augusHfolia,  Cmnpositx.  ^^' 
ern  United  States.  Advanced  as  sialogogue,  diaphoretic  and  S^"*"" 
alterative.  The  claims  appear  extravagant.  Dose,  t  to  J  Gtn*.  "' 
to  30  grains).     (Lloyd,  1904;  Madden,  1905.) 

*  N'ot  official. 


PART   III. 

LABORATORY  COURSE  IN  PHARM- 
ACOLOGY. 

CHAPTER  XXXIII. 

INTRODUCTION. 

The  Objecti  and  Methad^  of  Laboratory  Instruction.— Tt  seems 

quite  superfluous,  nt  this  time,  to  insist  on  the  great  vahie  of  labora- 
tory instruction,  h  may  l)e  well,  however,  lo  summarize  the  object* 
which  it  rriust  keep  in  view.  These  consist  in  imparting  information, 
in  developing,  an  understanding  of  the  subject,  and  in  acquiring  a 
technical  training.  The  information  which  can  he  derived  directly 
from  laboratory  work  forms  the  proper  basis  of  didactic  instntction: 
It  facilitates  the  understanding  of  those  fact.?  which  :ire  deduced  from 
experiments;  it  illustrates  their  value  and  their  limitations:  it  im- 
presses them  on  the  memory.  The  training  of  a  laboratory  course 
ctiltivates  manu;il  dexterity,  and  what  i&  more  important,  it  footers  the 
"scientific  spirit" — the  judicial  attitude  of  mind  which  requires  the 
objective  demonstration  of  all  statements  and  theories,  and  which  de- 
duces from  these  objective  data  the  conclusions  which  they  justify  — 
no  more  and  no  less.  The  uUimate  goal  of  this  instruction  should  be, 
to  enable  the  student  to  deal  critically  and  independently  with  the 
matter  which  is  presented  to  him ;  to  give  him  a  more  vital  grasp  of 
the  whole  subject  of  pharmacologic  knowledge;  and  to  generate  and 
stimulate  a  healthy  thirst  for  further  information. 

The  course  of  instruction  which  will  meet  these  requirements  in 
the  best  attainable  manner  must  vary  somewhat  with  the  resources 
al  the  command  of  the  department;  with  the  size  of  the  classes;  and 
with  the  special  qualifications  of  the  j^tudents  and  instructors.  This 
applies  particularly  to  the  total  lime  which  can  he  devoted  to  laboratory 
work,  and  its  apportionment  to  class-demonstrations  and  to  individual 
work  by  the  studenls.  The  most  thorough  training  would  probably 
be  obtained  if  the  student  were  to  perfonn  every  experiment  for  him- 
self, with  a  minimum  of  aid  from  the  instructor  The  lime  which 
would  be  required  for  this  purpose  is,  however,  qiiite  prohibitive;  nor 
is  this  plan  essential.  Demnnstrations  —  arranged  in  such  a  manner 
that  every  .student  can  see  the  experiment,  and  so  that  as  many  as 
possible  may  assist  in  its  performance  —  are  almost  as  useful  as  re- 
gards the  information  acquired,  and  can  be  substituted  for  a  consid- 
erable number  of  individual  experiments  in  regard  to  the  training; 
especially  if  the  student  has  himself  performed  similar  experiments. 
They  cannot,  however,  replace  individual  work  completely,  and  as 
much  of  this  should  be  given  as  time  and  material  permit.  The  demon- 
strations are  advantageously  shown  in  c^^nnection  with  the  individual 
laboratory  work;  the  students  being  called  from  their  experiments  to 
watch  the  results  of  the  demonstrations.     This  economizes  time  when 
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lengthy  preparation  or  intermittent  obscrvalions  are  involvfd;  tl  fa- 
cilitates the  cu-operation  of  the  students  and  demonsiratorj;  and  it 
emphasizes  the  close  relation  of  the  demonstrations  and  of  the  indi- 
vidual work.  Another  expedient  of  economy,  which  is  extensively 
utihzed  in  this  course,  consists  in  having  parts  of  the  class  periortn 
analogous  experiments,  but  with  difTerent  drugs;  the  rcsulls  of  etfh 
section  being  demonstrated  and  reported  to  the  entire  class.  A  greal 
deal  of  time  can  also  be  saved  by  having  the  apparatus  and  rea(trnt» 
in  good  order,  systematically  arranged,  and  convciiicntly  accessiWf 
The  student  should  co-operale  in  this  by  keeping  his  working-place 
neat  and  clean. 

Even  with  the  closest  management  of  the  time,  it  is  naturally  im- 
possible to  present  every  possible  pharmacologic  experiment  to  ihf 
class.  Those  experiments  should  be  selected  which  demonstrate  fundi- 
menial  facts  and  methods  in  the  simplest  manner.  Experiments  which 
consume  much  time,  or  which  arc  beset  with  special  difficulncs,  o"" 
which  are  so  exposed  to  accidents  that  they  are  more  apt  to  fail  than 
to  succeed  in  the  hands  of  elementary  students,  arc  not  suited  to  ibf 
conditions  of  an  ordinary  laboratory  course,  and  may  be  left  to  *^' 
vanccd  students  who  wish  to  devote  extra  time  to  the  subjects  Brirf 
directions  for  some  of  these  experiments,  and  also  for  those  which  J" 
ordinarily  performed  in  the  physiology  course,  are  introduced  »> 
"  optional  experiments."'  These  should  be  studied  by,  all  studetiti 
They  can  be  extended  indefinitely  by  the  use  of  the  do*e-taUlc<  n" 
Chapter  XXXIX.  The  regular  experiments,  which  are  dcscnbcd  * 
Chapters  XXXV  to  XXXVII.  are  sufficient  for  ihe  general  mc^teu 
curriculiun,  in  the  author's  opinion. 

The  mere  performance  of  the^e  experiments  has  Only  a  very  limit« 
value  if  the  student  does  not  study  them  exhaustively.  He  should  h*** 
a  definite  conception  of  the  object  of  each  experiment  Iwfore  he  uwl«- 
takes  its  performance;  and  he  should  render  to  himself  an  accot'"* 
of  cver>'  step  nf  the  process,  and  of  the  conclusions  to  which  it  lf*tl* 
The  student's  note-book  is  therefore  a  verj*  essential  part  of  ihc  cour^ 
Nothing  cultivates  the  powers  of  observati<'n  like  the  taking  of  cirf- 
ful,  detailed  notes  during  the  progress  of  the  experiment;  wlnKt  il>J 
critical  faculty  is  stimulated  by  Ihe  condensation  of  these  detail 
results  into  brief  and  definite  conclusions.  This  applies  particul*^? 
to  the  animal  exiK'nments.  The  constancy  or  variability  of  the  rc»iJi» 
are  illustrated  by  cutiiparing  the  results  of  different  member*  of '"' 
class,  and  of  preceding  classes.  Fnr  this  purpose,  it  is  w^ll  m  app"'*'* 
a  class-reporter  for  each  exercise,  with  the  duty  of  co|b.  '   '^" 

paring  al!  the  results:  the.se  reports  being  kept  on  file  for  ^ 

ceeding  classes     They  should  be  read  and  discussed   in  im    ...i"*-;'^ 
conferences. 

Teachers  differ  in  opinion  as  to  whether  the  objects  of  the  eipf^ 
meuts  and  the  expected  results  should  be  pointed  otn  to  the  stuHfrt 
in  advance  In  a  pharmacology  course,  the  author  believes  that  it  i* 
more  useful  to  do  so.  on  account  of  the  complexity  of  the  siH'i'*^ 
and   t)ie  large  ground  which  has  to  be  covered. 

Relation  of  the  Laboratory  and  Didactic  InstructloB^T^ 
lBb(>ratory  conrse  may  bo  treated  either  :i>  an  adjunct  tn,  ar  4*  '*[■ 
basis  of.  the  didactic  instruction.  If  it  is  intended  to  dlustrttf  ^ 
didactic  teaching,  it  should  keep  step  with  the  latter;  the  expenfflfnt* 
should  be  arranged  with  reference  to  each  drug.  The  summi/Jii'^ 
in  Chapter  XXXVIII  indicates  this  arr.ingement.  In  the  mAo'^ 
opinion,  however,  the  course  is  much  more  valuable  if  it  is  tnwl*  **• 
basis  of  the  pharmaodogic  instruction;  if  it  is  used  to  dedoce  \ht  h^ 
rather  than  to  illustrate  them.     For  this  purpose,  the  laboratorr  «iflT« 
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sttouTd  precede  the  didactic  instruction;  and  the  exercises  should  be 
arranged  with  a  view  to  the  pharmacology  of  particular  organs,  and 
the  methods  used  in  ihcir  investigatiui;,  rather  than  with  regard  to  the 
individual  drugs.  If  the  conclusions  are  correctly  drawn,  and  sum- 
marized as  in  Chapter  XXXVIII,  the  student  will  enter  on  tlic  didactic 
study  with  a  fairly  extensive,  first-hand  knowledge  of  the  principal 
facts;  the  purpose  of  the  did;iclic  instruction  bcinK,  to  correlate,  apply, 
and  extend  these  facts. 

An  elementary  laboratory  course  is  of  necessity  somewhat  unevenly 
balanced.  It  is  much  Ix'ticr  suited  for  the  dcvelupmenl  of  some  facts 
than  of  others;  and  undue  stress  seems  therefore  to  be  placed  on  the 
former.  The  "explanatory"  notes  and  the  "introductory"  exercises 
are  inserted  to  meet  this  objection.  These  are  made  as  elementary 
as  possible,  to  keep  them  within  the  scope  of  the  experimental  knowl- 
edge of  the  student.  Even  with  these,  however,  it  is  inipos^siblc  at 
times  to  avoid  an  exaggeration  of  the  laboratory  side  of  the  subject, 
and  a  comparative  neglect  of  features  which  may  be  of  greater  prac- 
tical therapeutic  importance.  This  drawback  should  not  be  vital,  for 
the  didactic  study  should  restore  the  balance.  Attention  should  also 
be  called  to  this  subject  by  the  demonstrators,  whenever  necessary. 
The  text-book  references  at  the  beginning  of  each  exercise  will  be 
useful  for  this  purpose:  they  need  not  be  consulted  by  the  strudent,  but 
are  for  the  guidance  of  the  instructors.  The  student,  however,  should 
always  consult  the  references  to  other  exercises. 

The  multiplicity  of  phenomena  and  problems  hich  arise  in  the 
course  of  the  animal  experiments,  renders  thorough  supervision  of  the 
work  indispensable.  The  size  of  each  class  should  therefore  not  ex- 
ceed 30  to  40  men,  and  a  demonstrator  should  l)e  appointed  for  every 
\2  students,  if  possible.  These  may  be  selected  from  the  members 
of  the  more  advanced  classes. 

Arrangement  of  the  Courie,  and  Time  Required  for  the  Ex* 
pcriments. — These  are  subjects  which  are  governed  so  largely  by 
local  circumstances,  that  no  general  rules  can  be  given.  The  following 
schema  may,  however,  serve  as  a  guide:  The  elementary  subjects 
and  the  laboratory  work  are  placed  in  the  scctmcl  year:  the  didactic 
study  of  the  drugr;  mainly  in  the  third  year.  Thi«;  brings  the  animal 
work  into  the  last  weeks  of 'the  second  year  when  the  student  is  well 
advanced  in  physiology;  whilst  the  didactic  work  coincides  with  the 
clinical  teaching. 

The  schema  requires,  for  the  sophomore  year,  3  hours  per  week 
during  the  first  20  weeks,  and  8  hours  per  week  for  the  last  to  weeks 
(a  total  of  about  jo  hours  of  lectures  and  recitations,  and  no  hours  of 
laboratory  work  and  conferences).  The  lectures  and  recitations  in  the 
Junior  year  take  up  about  60  hours. 


TABLE    XVI.— ARRANGEMENT    OF    TIME    AND    SUBJECTS 

IN  THE  SOPHOMORE  YEAR. 

(Tlie  laboratory  work  and   demonstrations  are  in  italics.) 

First  JVrek:  HoUBS. 

(a)  Introducton;   Lecture    (Read    Chapter   XXXIII).  1 

(b)  DetnoHstraiion  of  Gross  Pharmacognosy  (Ex.  1).     }One. 
(r)  Lecture   on   Histologic   Pharmacognosy.  J 


(d)  Assignment  of  Lockers. 

_U)  Study  of  Plant  Histohgy  (Ex.  2). 

"')  Aikaloidal  Reactions  (Ex.  3,  T). 


Two. 
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Second  Week: 
(a)   Recitation  on  Definitions  and 
(fr)   plant  Anatomy,  gross  and  microscopic   (Chapter 
I,  p.  17  10  19,  j6  10  3J;  and  Ex.  1  and  2). 

i'c)  Complete  Plant  Constituents    (Ex.   3). 

Third  Week: 
Cfl)    Demonstration  of  Metrology  (Ex.  4). 
{b)    Recitation   on    Plant   Constituents    (Chapter   I 
p.  19  to  20;  and  Ex.  3). 

(c)   Lecture,  and   Demonstration  of  Pharmaceutic 

Methods  (Ex.  5). 
(rf)  Demonstration  of  Dispensing   (Ex.  7). 

Fourth  IVeek: 
(0)  Recitation   on   Metrology  and   General   Pharma- 
ceutic Methods  (p.  32  to  56). 

ib)  Dispensing  (Ex.  7). 

Fifth  IVecf:: 

(a)  Recitation  on  Aquae  to  Decoctions  (p.  56  to  6t). 

(b)  Review  of  Metrology. 

(c)  Incompatibilities  (Ex.  8,  No.  1  to  12) 

(Read  Ch.  IV  C). 

Sixth  Week: 

(a)   Recitation  on  Tinctures  to  Emulsions  (p. 61  to66). 
ib)   Review  questions. 

{c^    Demonstration  of  Assaying    fEx.  9.  No.   II). 

(d)  Start  Isolation  of  Alkaloids  {Kx.g,  Ko.  I,  I  and  2). 
{e)  Incompatibilities  (Ex.  8,  to  No.  19). 


CH.    XXXIIL 

Hoints. 
i  One. 

^Two. 
I  One. 
I  Two. 

One. 

\  Two. 

I  One. 
I  Two. 

\  One. 


Two. 


Seventh    Week: 
(fl)    Recitation   on    Solid    Preparations   to   Assaying 
(inclusive)    (p.  66  to  74). 

(6)  Complete  Isolation   of  Alkaloids  (Ex.   9)   and 
Incompatibilities   (Ex.  8). 


}  One 


Twa 


Eighth  Week: 
(0)  Recitation  on  first  two  pages  of  Incompatibilities 

(p.  74  to  76;  and  Ex.  8). 
{6)  Recitation   on   Toxicology,   to  Toxicologic 
Analysis  (exclusive)   (Ch.  V»  p.  79  to  81). 

<f)    Conference  and  Demonstration   on   Toxicologic    ) 
Analysis    (Ch.    V).  ) 


I^One. 


Twa 
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7«/A  Week:  Hours. 

(a)  Recitation  on  Incompatibilities  (Oi.  IV*  C,  p.  76   1 

and  77;  and  Ex.  8>.  \  One. 

(b)  Recitation  on  Toxicologic  Analysis   (p.  81  to  87).] 

(r)  Specific  Reacliotu  (Ex.  10,  No.  I).  \  Two. 


(a>   Recitation  of  Solubilities   (Ch.  IV  C,  d.  77  to  79)  ] 
(6)    Review  of  Incompatibilities  and  of  Toxicologic 
Analysis  (Ch.  V). 


ic)  Specific  Reactions  (Ex,  IQ.  No.  II  and  III). 

Eleventh  Week: 
(a)  Review  of  Work  to  Date  (p.  17  to  88). 

(fr)   Specific  Reactions  CKx.  10,  No.  IV  to  end); 
Begin  Suppl.  of  Ex.  10. 


V  One. 
I-  Two. 


Tweifth  Week: 
(tf)  Written  Test  on  Work  to  Date  (p. 

(6)   Unknotvn  Solutions  (Suppl    F.x.   10). 
(c)  Begin  Preserzfatires  (Ex.  11), 


7  to  88), 


\  One. 
I  Two. 

I-  One. 
I  Two. 


Thirteenth    Week: 
(a)   Discussion  of  Test. 
{b).  Recitation  on  Prescription  Writing  (p.  92  to  too), 


One, 


(c)  Finish  Preserz'atiT'es  fEx.  ii)  and  all  back  work.}  -^ 
(rf)  Che  out  drugs  for  Ex.   13.  {    ^^°- 


Fourteenth  Week: 

(a)   Review  of  tables   (p.  97.  9Q.   100). 

{b)   Recitations  on  General    Principles  of  Flavoring 

(Ch.  VI  B,  p.  too  tn  i02>. 
<f)  Practice  in  Prescription  Writing. 

(d)  Drugs  in  Vrine  (Ex.   ij). 

(f )  Chemic  Antidotes  (Ex.  14,  also  Ch.  V). 

if)  Study   of   Materia   Mcdica.'    Lesson    i. 

fifteenth  Week: 
(a)   Recitation  on   Materia  Mcdica,  Lesson   i. 
(6)   Prescription  Writing. 

ic^  Corrosives  and  Irritants  (Ex.  15  to  18,  incl). 
{d)   Study  of  Materia  Medica.     Lesson  2. 


One. 

{■  Twa 

I  One. 
I  Two. 


Sixteenth    Week: 
{a)   Recitation  on  Materia  Medica,  Lesson  2. 
(b)   Recitation   on    Irritants   and   Corrosives    (Ch 
XXVIII  A,  p.  660  to  671;  and  Ex.   15  to 


'  Appendix  A.     It   nuy   be  oecessary  to  eoter  the   dati  outside  of   tbc   regu- 
dun- hour. 


,.     jo 

18).  J 


ne. 
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(c)  Hemoglobin  and  Blood  Corpuscles  (Ex.  21  and 

22). 

(d)  Study  of  Materia   Medica.     Lesson  3. 

Seventeenth  Week: 
(fl)  Recitation   on   Materia  Medica.    Lesson  3. 
(6)   Recitation  on  Exercises  19  to  22. 
{c)   Prescription  Writing. 

(rf)  Osmosis  (Ex.  23). 

ie)   Prescription  Writing. 

(/)  Study  of  Materia   Medica.    Lesson  4. 

Eighteenth  Week: 
(a)  Recitation  on   Materia  Medica.    Lesson  4. 
(6)  Recitation  on  Osmosis  (Ex.  23). 

(c)   Prescription   Writing 

(a)  Study  of  Materia  5ledica.    Lesson  5. 


Nineteenth   Week: 
(a)  Written    Test    and    identification    of    Specimens 
covering  the  work  of  the  13th  to  i8th   week,  in 
elusive ;  except  prescription  writing  and  Lesson 
5  of  Materia  Medica. 


™  ) 


(b)  Discussion  of  Test 

(c)  Recitation  on  Water  to  SulphMf,  inclusive  (p.  671 

to  676;  and  Materia  Medica,  Lesson  5). 
(rf)   Prescription  Writing. 

(e)  Study  of  Materia   Medica,  Haloids.  Lesson  6. 
(/)  Read  Chapter  XXXIV,  p.  792. 

Twentieth  Week: 

(a)  Recitation  on  Acid?  and  Haloids   (p.  676  to  681; 

and   Materia    Medica,   Lesson  6). 

(b)  Prescription  Writing. 

(c)  Assignment  of  Animal-Loekers. 

(d)  Absorption.    Demulcents,    Excretion.    Decomposi- 

tion, Idiosyncrasy   (Ex.  24  to  a8,  inclusive). 

(e)  Study  of  Materia  Medica,  Tannins  and  Vegetable 

Astringents,  Lesson  7. 


Hoims. 
Two. 

One. 
Two. 

One. 
Twa 

One. 

Twa 


One. 


TwotoTT»f« 


(f)  Reports.  Conference  and  Recitation  on  Ex.  24  to )  /V|» 
i^  inclusive..  J  ^^ 


(s^   Treatment  of  Poisoning  (Ex.  29). 
(h)  Study  of  Materia  Medica,  Lesson  8. 


Two  to 


Twenty-HrsI  Week: 
(o)  Recitation  on  Metals  and  Astringents   (p.  681  to   1  q^ 
6q3  ;  and  Materia  Medica,  Lessons  7  and  &         ) 
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I  Emetics  (Ex.  30)  ;  Gastroenteritis  (Ex.  33);  Gly- 
cosuria (Ex.  34);  Convulsants  and  Depressants, 
Mammals  (Ex.  39  and  40). 

I  Study  of  Materia   Medica,  Hysteric  Sedatives  and  ^ 
Rubefacient  Oils,  Lesson  9. 


Hours. 


Two  to  Three. 


\  Reports,  Conference,  and  Recitation  on  Treatment 
or  Poisoning  (Ex.  29;  Ex.  14;  Ex.  18 C;  Cli. 
VI,  p.  88  to  92). 

)  Recitation  on  Summaries  i  to  3  (Ch.  XXXVfU)., 


One. 


Coni^nlsants  and  Depressants  on  Frogs   (Ex.  37 1   x   «*   tu 
and  38.41  to  44).  j    l^oto^nree. 


Twenty-second  IVeek: 
I   Recitation    of    Volatile    Irritants    to    Rubefacient 

Oils,  inclusive  (p.  694  to  698  and  Lesson  9). 
)  Reports,  Conference,  and  Recitation  on  Ex.  30  (0 

36,  inclusive. 
I   Recitation  on   Summary  4. 


One. 


)  Muscle  (Ex.  45)- 

I   Study  of  Materia  Medica,  Stimulants   for  Ulcers 
and  Urinary  Diiinfectants,  Lesson  10. 


Reports,    Conference,   and    Recitation   un    Convul 
sants  and   r>cprcssants    (Ex.  ^^  to  44,  inclus 
I   Recitation  on  Summaries  5  to  la 


^al-1 


Two  to  Three. 


One. 


\  Test  on  Prescription  Writing. 
Salt  and  Ion  Actions  (Ex.  46). 


Two  to  Three. 


Twenty-third  ll'eek: 

I  Recitation  on  Ulcer  Stimulants  and  Urinary  Anti- 
septics  (p.  699  to  701;   and  Lesson   10). 

I  Reports,  Conference,  and  Recitation  on  Muscle, 
Osmosis, and  Ion  Action  (Ex.  45  and  47). 

I    Recitation  on  Summary  12. 


One. 


)   Heart  (Ex.  48  and  49).  1 

)   Study  of  Materia  Medica,  Diuretic  Oils  and  Bron-  >  Two  to  Three, 
chial  Stimulants,  Les.^on  11.  J 


f    ReciUtion  on  Heart   (Ex.  48). 


\  One. 


)  Cardiac  Nerves,  Blood   Vessels,  Pulse,  Artificial]  T«,«f«Thr*.*. 
Circulation  (Ex.  50  to  53).  J 


Twenty-fourth  IVeek: 
0   Recitation  on  Diuretic  Oils  and  Bronchial  Stimu-  ' 

lams  (p.  701  to  703;  and  Lesson  11). 
>)  Reports,    Conference,    and    Recitation    on    Heart 
and  Circulation  (Ex.  49  to  53). 


One. 
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(c)  PupiU,  Glands,  Back-Work  (Ex.  54  and  55).         1 

(d)  Study  of  Materia  Medica,  Toxic  Oils  to  Canthari-  \  Two  to 


CH.    XKXUL 

Hoi'ta. 

Three. 


din  Group,  inclusive.  Lesson  \2. 

(e)  Incompleted   Laboratory    Reports. 
{^)   Recitation  on  Summaries  13  and  25. 
{&)   Review  of  Summaries  No.  i  to   12. 


One 


{h)   Reports,   Conference,   and    Recitation  on   Ex.   54 

and  55. 
(1)  Dtmonsiralion   of  Herbarium   Specifnms  for  Ch,  [  Two  to  Three 

A'A7A'. 
{k)  Assigntnent  of  Lockers   {Operative  IVork). 


J 


Twenty-fifth  Week: 
(a)  Recitation   on   Ch.    XXIX    to    PliysJcal    Irritants 

(p.  703  to  710,  and  Materia  Medica,  Lesson  u).  V  One. 
(6)   Recitation  Summary   14. 


(r)  Ex.  $6  to  59,  inclusive. 

{d)  Study  of  Materia  Medica,  Stomachics.  Lesson 

{e)  Recitation  on  p.  710  to  719;  and  Lesson  13, 


(/)  Optional  Experiments  or  Arrangement  of 
Notes. 


I  Two  to  Three. 

^Onc. 

1  Twoto'rt'*^ 


Twenty-sixth    Week : 
(a)  Recitation  on  Stomachics   (Ch.  XXX.  p.  719  to 

725 :   and   Lesson    14). 
(b>  Reports.  Conference,  and  Recitation  on  Ex.  56  to 
59,  inclusive. 


(e)  Ex.  60  to  63.  inclusive. 

id)'-  -"  ■ 


Study  of  Materin  Medica,  Carminatives.  Lesson 


.>.! 


One. 


Two  to  Three 


(e)  Written  Test  and    Specimens,   Ch.   XXVIII   and  (  i-v_. 
XXIX.  p.  660  to  719.  J 


(/)  Prescription  Writing  and  Optional. 


i  TwotoTlirrt 


Twenty-seventh  Week: 
(a)   Discussion  of  Test.  1 

ib)  Reports,   Conference,   and    Recitation,  on   Ex,   60  I   q_^ 

to  6,^  I 

(e)  Recitation  on  Summaries  15  to  17.  ) 


(rf)  Ex.  64  to  67.  ^  _ 

(e)  Study  of  Materia   Medica.   Cathartic  Oils  and     V  TwotoTnt^ 
Anthracene    Derivatives,    Lesson    16.  J 


L 


if)  Recitation  on  Carminatives   (Ch 
726;  and  Lesson  15. 


_  HOUKS. 


H 


(g)  Optional 


\  Two  to  Three. 


Twenty-eighth  Week: 
i^'a)   Reports.  Conference,  and  Recitation  on  Ex-  64  toT 

67.  \  One. 

<fr)   Recitation  on  Summaries  18  to  26.  J 


ic)    Ex.  68  to  7S. 

(</)    Study   of    Materia    Mcdica,    Anhydrid    Cathartics,  ^  Two  to  Three. 
Lesson  17. 


■i 


^  *)  Recitation  on  Cathartic  Oils  and  Anthracene 
Derivatives  (Ch.  XXX,  p.  726  to  732;  and  Les- 
son 16). 

^X")  Optional. 


One. 

I-  Two  to  Three. 


T\venty-HiHth  Week: 
»  3  Reports,  Conference,  and  Recitation  on  Ex.  68  to 

73-      .  .  \  One. 

r  3  Recitation  on  Summaries  23  to  31. 

>    Ex.  74  to  7<5.  1 

^    Study  of   Materia   Mcdica.   Anthelmintics,   Lesson  ^  Two  to  Three. 
18.  J 


!>     Recitation   on   Anhydrid   Cathartics    (Ch.  XXX» 
P    7^2  to  735 :  and  Lesion  17). 
Recitation  on   Summary  and   Uses  of  Cathartics 
(Ch.  XXX.  p.  735  to  742)- 


OptionaL 

Thirtieth  Week: 

Rrports,  Conference,  and  Recitation  of  Ex.  74  tol 

76.  [ 

Kccitation  on  Summaries  32  to  39.  •                 J 


demonstration  of  Herbarium  Specimens  of  Native  1  -p       .    Th«* 
Poison  plants.  S 

Reciiaiion  on  Anthelmintics  (Ch.  XXX,  p.  742  to 

746;  and  Lesson   18),  \  One. 

Recitation  on   Summaries  40  to  46. 


Review  Quiz  on  Summaries. 
Prescription  Writimr 


nst  on  the  laboratory  wor* 
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THE  LABORATORY   ROOMS. 

The  pharmacology  courses  may  be  given  in  the  chemic,  phannAcetiTiCi 
and  physiologic  laboratories,  if  no  other  arrangement  can  be  nudt; 
but  the  efficiency  of  the  teaching  and  research  is  undoubwdly  ra- 
hanced  bv  separate  rooms  and  equipment.  The  laborat'>r>-  ^hnoli 
consist  of  a  chemic  and  animal  department,  preferably  in  adjarcn 
rooms.  The  materia  medica  collection  may  be  placed  in  the  chemical 
room,  or  in  a  convenient  corridor.  Additional  rooms  for  Icctnm, 
research,  toxicology,  storage,  for  the  keeping  and  obsemlion  of  ai»' 
mats,  etc.,  are  highly  desirable.  They  should  be  in  close  vicmiry:  i^ 
animal  rooms,  however,  will  be  less  annoymg  in  another  inn  of  the 
building. 

EQUIPMENT  OF  THE  CHEMICAL  DEPARTMENT 

This  should  contain  the  chemic  tables,  lockers,  and  sinks  for  tht 
students ;  a  fume-chamber ;  balance  and  druggists'  scale! ;  inl  l 
moderalc  equipment  of  chemic  apparatus. 

The  chemic  tables  may  he  of  any  of  the  varieties  used  in  cbcflK 
laboratories.  A  height  of  three  feel  is  convenient.  A  working-^ace 
of  6  by  2  feet,  and  a  single  locker,  suffices  for  each  pair  of  stodcntv 
The  lockers  should  be  of  the  height  of  the  Ublc,  2'^  feet  wide,  »** 
a  shelf  nine  inches  from  the  top.  Ft  is  cheap  and  con\<nient  ro  h*** 
quarter-inch  iron  rods  fixed  to  the  tops  of  the  tables^  for  cUmCioit 
retort  rings,  etc. 


TABLE    XVII.— EQUIPMENT    OF    EACH    CHEMIC   LOCKER 

(for  two  students). 
Only  the  more  common  apparatus  need  he  placed  in  the  lockerva^^ 
lional    pieces   being  placed   on   the   tables   or   assigned  on  wrtttm  re- 
quisition, when  needed.     A  list  of  these  is   furnished  with  eKh  "f'' 

cise: 


I  Bunsen  bumer  and  tube. 

1  Retort  sland. 

2  Rctori-rings. 
I  Tripod. 

1  Liter  wash  bottle. 

2  Evaporating  dishes   (lo  cm.). 

1  Evaporating   dish    (4PO  C.  c.)< 

2  Funnels,  6  cm. 

1  Funnel.  12  cm. 

5  Beakers.  J5-t50  CC. 
4  Flasks.  250  c.  c. 

2  Tumblers. 
30  Test-tubes. 

2  Test-tube  racks. 
2  Tesl-tube  brushes. 
2  Test-tube  clamps. 
2  Slide  clamps. 


I  Mortar  and  pestle,  10  cni 

T   Pill  tile. 

I   Pill-box. 

I  Powder  box. 

I  Steel  spatula. 

I  Horn   spatula. 

I  Thermometer,  o-iooi 

1  25  c.  c.   Conic  graduitf 

6  Watch  glasses,   iVi  ^"^ 

I  Sponge. 

X  Towel. 


Filter  paper:  labc!  P^' *f 
gaure:  glass  <lidev  w*""'  f?2 
pipettes,  etc.  Broken  fvipof'"^ 
dishes. 
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TABLE  XVni.— SPECIAL  CHEMIC  APPARATUS. 


For  twelve  students;  to  be  assigned  as  needed. 
2  Microscopes  (cheap  model,  low     3  Spectroscopes. 

3  Waterbatns. 
_         ,       ^  2  Liebig  stills. 

Funnels     (150-500     ,  Army  and  Navy  scale  and  me- 
tric weights. 


power). 
4  Srparatory 

c.  c. ) . 


TABLE  XIX.— SPECIAL  CHEMIC  APPARATUS  FOR  DEMON- 
STRATION AND  RESEARCH. 

The  equipment  for  these  purposes  depends  on  the  resources  of  the 
establishment,  the  special  investisations  pursued,  etc.  The  following 
will  be   found  wdl-nigh  indispensable: 

Flasks,  Funnels,  Beakers,  Evaporating  Dishes,  etc. :  Glass  rods  and 
tubing.  Rubber,  etc. ;  Corks ;  Burners ;  Stands ;  Clamps ;  Burettes, 
Pipettes,  Graduates,  etc. :  Spatulas,  Percolators,  DiaJyzers,  etc. ;  Porcelain- 
mortars.  15  and  2Q  cm. ;  Iron  Mortar :  Desiccators ;  Crucibles  and 
Tongs :  Mechanics'  ancl  Carpenters'  Tools ;  6  Fermentation  Tubes ; 
Centrifuge:  V^acuum  Pump;  Beckmann's  Apparatus;  Ovens  for  40  and 
too**  C. ;  Thermometers ;  Combustion  Oven :  Analytic  Balance  and 
Weights;   Platinum;    Polarimcter;  Glass-blower   Bellows;   L-tc,  etc. 

Reagents  for  Chemic«t  Work. —  The  reagents  employed  in  phar- 
macolog>'  are  so  numerous,  that  the  problem  of  keeping  them  con- 
veniently accessible  is  quite  serious.  It  will  be  found  convenient  to 
divide  them  into  three  classes;  (A)  for  every  three  students;  (B). 
for  every  six  students;  and  (C),  for  every  twelve  students,  for  special 
experiments.  (A)  and  (B)  should  be  arranged  in  alphabetic  order 
on  the  shelves  of  the  chemic  tables.  (C)  may  be  arranged  by  the  ex- 
ercise numliers,  and  kept  on  a  side-shelf  when  not  m  use. 

It  will  be  found  very  advantageous  to  nnmher  the  containers  and 
their  places,  and  to  demand  that  every  reagent  be  replaced  in  proper 
order  a*  soon  as  used. 

A  numl>cr  of  the  solutions  are  perishable  and  should  not  he  kept 
over  a  year.  These  are  marked  *  in  the  following  lists.  Others  (••) 
should  be  furnished  fresh  for  each  exercise.  It  is  well  to  distinguish 
these  by  colored  labels  (green  for  *  and  red  for  **)  for  the  ready  guid- 
ance of  the  laboratory  assistant.  He  can  save  himself  some  labor  by 
keeping  concentrated  stock  solutions  on  a  special  shelf. 


TABLE    XX.— LIST    A.- COMMON    CHEMIC    REAGENTS. 

Kept  on  shelves  of  chemic  tables.    50  to  100  c.  c.  of  each.     For  three 
students. 

Acid   Acetic.  5%.  .\mtnoninm    Sulphate,  Powdered. 

"       Hydrochloric,    Cone,    C.P.  Barium   Chlorirl,  5% 

"                  "              $%.  "         Hydrate.     Saturated 

"       Nitric,  Cone,  C.P.  Acjueou.s. 

"       Picric,    Saturated   aqueous.  *•  Bromin  Water,  Saturated  Aquc- 

"      Sulphuric.  Cone,  C.P.  ous. 

"           "           5%.  Calcium  Chlorid,  1%. 

Alcohol.  Erhyl.  95%.  "         Hydrate  ^Lime  Water). 

Ammonia  Water.  10%.  Saturated  Aqueous. 

•fGreen  Lat»el)  Should  not  be  kept  Dvcr  a  year. 
**  (Red  Label;  Sbuuld  be  freshly  made. 
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^^^^H              Chloroform. 

Oleum  Oliva  or  Gossypii  Koitun- 

^^^B             LuDnc  SulDhate.  <%. 

seed). 

^^B 

Potassic    Bichromate.    SatarattJ 

^^^H             Ferric  Chlorid.   10%. 

(about  3W%). 

^^^^H           'i-'errous  bulohate.  1%. 

Polassic  lodid.  j%. 

^^^^H 

Ferricyanid.   5%. 

^^^H             lodin    in    Ki.    1%   of    iodiru    Kl 

"          Ferrocyanid,  $%. 

^^^^H                             to  dissolve. 

Silver  Nitrate.  1%.                ^^M 

^^^H             Lead  Acetate.  ^%. 

Sodium  Acetate,  s%-            ^^| 

^^^^^H            Litmus    Paner. 

Carlxinatc,    <.%.          ^^B 

^^^^H              MacTiesia    Nlixture/ 

"         Chlorid.  crystals.               ■ 

^^^^H             .Macncsuim   Sulpliate.  DOwdered. 

Hydrate.   10^.                   ■ 

^^^^H             Memiric  ('hlond.    \%. 

Phosphate.  <;%.                I 

^^^^1            Mercuric- Polassic    lodid    (Mav- 

"        Sulohaie.  i>owdere4,        ■ 

^^^H               crs  Kcagent;.- 

■ 

^^^^P          TABLE   XXI.— UST   B.-LESS    COMMON    CHEMTC         1 

^^^^^                                               REAGENTS.                                          ^J 

^^^^H           On  too  shelf  of  chcmic  tables. 

"or  six  students:                      ^H 

^^^^1                                                    Gram 

Gkamoi 

^^^^H 

CJC 

^^^^1 

(ibod). 

^^^^^H                                              r.r^nti)z»tfA                                Jrt 

Cinchona,  Tr H 

^^^H                             Miicilaee    (\^%)... 

Cocain   Hydrnchlorid <^ 

^^^^^H 

Codein    " 

^^^H                 Ar    Carhnl     Tin 

Digitalin   U 

^^H                                  5%    2S 

^^^m                       0.3%  25 

^^^H              "    Gallic    

^^^^H                     PhosphotunKStic    lO 

^^H                      (10%  in  4%  HCI.) 
^^^^1                                      

Fxcinient            ..   ..  _...ti*  A 

Ferric  Chlorid,  Tr.. ...•..••  !& 

Gasolin                     .>....<>>•«  9 

Glycyrrhi^a,    Pv  ....•.•*v>'$ 

"Giiaiac      Tr                        ....  W 

lodin.  1%  alcoholic  ^ 

^^^H              Alrnhol.    k'Vc    

Lead   Subacctate,  SoliitJoU-.  l5 

^^^^H            Antipyrin,  10%  lO 

^^^^H            Anomorohin  Hvdrochlorid. .    0.1 

Methvl    Alcrthol            1$ 

Millnn's    Reagent* « 

^^^H                                  r:50O  

Nlorohin    Siiloh                  " 

"       2%  aqtieoos  l» 

^^^^H               T^Umtiih    «;iih«'.nrh «i 

Nux  Vomica,  Pd ^ 

Phenacctin    ^ 

^^^^^^H              r-„iy_:—     r~:t»^^^A 

Picrotnxin *' 

^^^^^^H 

Pot.   Bichrom.  Pd 5 

"    Bromid.   Sat'd   ^ 

^^^^H             CaniDhor.    Soirits 2^ 

^^^H            Chloral    5 

^^^^H               rinrhnna    Tnfiisinn     

*'      fTilnrat**                       ^ 

"    Chlorate,   Safd   ^ 

^^^H                    (5%  in  20%  alcohol.) 

•     '*    Cvanid     1%   ^ 

^^^^^^                       MeSO,  Crytteli    

........4k f 

^^^^^^                                \-H.    (.n<tl      

......•....•.*..........          1 

^^^^^^"                        Water    

^^^^B               ^ MtriuriePoiatsit  lodid  iMoyefa  Rragem^:                                            ^^M 

^ 

«•   rr    /7*a                              ^^^^^1 

^^^^^b                                   

49-S     Gm.               ^^H 

^^^^^^^                                           

«^    *                              ^^^H 

^^^^^^                *\fil!flm't    ff«iff^«f      nimtnTw    i    part 

if   metallic    fnrri-urv    in    ■    Mrt   W  ^^^H 

^^H                      of    cntd     fuminir    nitric    arid.    coot,    and    dilute    wtth    two    nant    ttt    AmtHliA  w^^^M 

^^^^^_           UccAtit   trom  iiie  »edttnenL      Ihc  aoiuiion 

cuntDin»  mercuric  ana  roerof*«  I^^SM 
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^ 


Gram  or 

c.c. 
(about). 

Pot.  Nitrate,  pd 10 

"     Oxalate,  2% 25 

"     Pcrmang..  1%  25 

Quia.  Sulph.,  dry o.i 

"        0.1%   aqueous.  25. 
I  (acidulated.) 

Sat   Aq 25 

R«in,  coarse  powder 10 

Resurcin o.S 

Rhubarb   Infusion    25. 

(5%  in  25%  alcohol.; 

Salicin I. 

Salol   I. 

Sand     too. 

Santonin   0.5 

Soap  Bark.  Tr 25. 

Sod.  Acetate la 

Benzoate  10 

Benzoate,  5%   25 


Gram  or 

c.c. 
(about). 

Sod.  Bicarb 20 

"      Borate.  5%  25 

"      Chlorid.   Sat.'d    35 

"      Hyposulphite,    1%    ....  25 

"      Nitrite,    pd 10 

"      Nitrite,    10% 30 

"      Salicylate    5 

"      Sulphate.   1%    25 

Spir.   .^thcr.   Nitrosi 30 

Starch    25 

Strychnin   Sulph ai 

1%    10. 

Sugar,  Cane  25 

Tannin    i. 

Turmeric  Paper 

Turpentine    25 

Uva  Ursi,  Infusion 25 

{^%  in  20%  alcohol.) 
Vcratnn    0.1 


C- SPECIAL   CHEMIC   REAGENTS. 
on   side  shelf;  arranged  by  exercises. 


ABLE   XXII.-LIST 
For  luclvc  students 

The  number  of  the  exercise  may  be  placed  on  the  label:     '^ green 
Ubel;  ••  =  red  label. 

RGm.or 
c.c 
xercist  3: 

••Tannin.    \%    50 

^^  Metallic  Sodium    (25  small 
^H      pieces,  in  petroleum) ....      — 


Qumoiin    5 

Morphin  Sulph..  2%  5 


I 


Nicotin, 

Atropin  Sulph.,   1% 5 

Strychnin  Sulph.,  1% 5 

Salicin,    \%    50 

Gallic  Acid.  1% so 

Acacia.  10%   (made  by 

heat )        50 

Lettuce.  Tinct 25 

Curcuma,  Tinct,   1% 25 

(in  2tt%  alcohol.) 

RoHc   Acid,  5% 100 

Cochineal    -  - 5 

Tr.    Persionis    5 

ercise  y: 

NaO 20 

Saccharum    lOO 

Infns.    Menlh.    Pip. 300 

Calomel   20 

Starch    (Amylum)    lOO 

Co«l   Liver  Oil    (01.   Mor- 

rhux)    100 

Granulated  Acacia jo 

'  Evcrcise  jt. 


Gm.  OR 
C.C 

Petrolatum  150 

Emplastrum    50 

Pv.   Glycyrrhiza  30 

Exercise  8: 

Chlorate     of     Potash     and' 
Tannin    Mixture. 

•  Hydrogen  peroxid  50 

♦•Albumin    (one  egR  while  in 

100  ex.  water,  strained)  .too 

•  Liquor    Pcpsini    50 

•  Misturse  Crctae 90 

Exercise  ro;  No.  r  —  7; 

Morphin    Sulphate,    0.1%..  50 

•  Sod.  lodate,  1% 10 

••2%   Starch  Paste 50 

•  Strychnin  Sulph.  I  150,000.  $0 

•  Marquis'    Reagent    lO 

Ammon.    MolvMate    I 

No.   8—14: 

•  Cocain,    i%    lO 

••Adrenalin,  t  :  50,000 10 

or    dilute    suprarenal   ex- 
tract. 

•  KOH.  small  dry  fragments  20 

•  Picrotoxin,  T    :   l.ooo 10 

No.   S5  —  31: 

•  Calx    chlorata     (lest    effi- 

ciency)         5 
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Gm.  or 
ex. 

*  HCN.  0.1% 50 

Copper  foil,  small  pieces...  20 

Fowler's  Solution   50 

Phosphorus  in  small  pieces    20 

No.  S3' 

*  1%  Cane  Sugar 100 

*  10%  Lactose   _. too 

*  10%  Glucose  100 

*  10%  Lcvulosc   100 

io%  Glycerin   100 

•0.01%   Saccharin lOO 

Exercise  rj: 
Drugs  for  students  (at  pre- 
ceding laboratory  day). 

••2%  Starch  Paste 100 

Exercise  14: 

**io%  Decoction  of  Tea 50 

**io%   Decoction  of  Coffee..   50 

•*Albumin  Solution  (one  egg 
while  to  100  c.c.  water, 
strained)    50 

Exercise  i^: 

••Albumin   Solution   400 

♦•Defibrinaied  Blood   400 


Gm.  n 
tc 

Exercise  16: 

1%    CaflFein    10 

Exerctse  //, 
Alcoholic  Methylen  Blue.,  w 

Tr.  lodin   w 

Cerate  Cantharidcs  lO 

25%    Croion   Oil w 

Tartar     Emetic     Ointtncnt 

(10%)   w 

Verairin  in  Starch,  i  1500.   1 

Soap-bark    — 

Aconite.  1% , tP 

Alum,  5% 

Exercise  ^t: 

••Diluted   Blood.  4%.......^; 

•  Fresh  Anunon.  Sulphi'l — ': 
Phenyhydrazin    .  "^ 

•  Pvrogallnl,    iq%  I'^ 

•  HCN.  2%   1" 

Exercise  jj: 

••Dcfibrinated   Blood   ..- * 

Solutions  of   the  experi- 
ment. 
Exercise  ^J: 
See  Exercise. 


i 


EQUIPMENT   OF  THE   ANIMAL   DEPARTMENT 

This  should  be  equipped  with  a  large  demonstration-table  and  ^^. 
of  demonstration  apparatus:  sinks;  easily  movable  tables  and  ^'^^^2f\ 
for  students'  work;  shelves  for  reagents;  a  chcmic  bench;  drawer* ''^ J 
supplie*;.  etc. 

Tables  for  Animal  Work. —  Thci^e  may  he  of  pine,  strot 
3  feet  high  by  6  feet  long  ,ind  2  feet  wide;   ij^   inch  top:  - 
Drawers    are    rather    objectionable.     Two    tables    arc    needed   ior_ ' 
students.     In  operative  experiments  the  two  tables  are  set  in  the  i"'^'' 
of  a  T,  the  lower  table  l>eing  used  for  operating,  the  upper  for 
ratus.  *-«« 

The  lockers  (one  for  six  students)  may  l>e  placed  at  the  iideoi*^^ 
room,  near  the  tables.    There  should  also  be  an  open  shelf  for  H**^ 
apparatus. 

Apparatus. —  It  is  advisable  to  buy  as  much  as  possible  «f  mJ 
facturcd  apparatus,  of  the  best  quality  which  the  resources  will  »1I*^' 
The  satisfaction  of  working  with  instruments  which  give  accurate  »* 
trustworthy  rcsulLi;  the  training  in  exactness:  and  the  practice*' 
apparatus  such  as  would  actually  be  used  in  research :  are  advant"?" 
which  offset,  in  most  cases,  those  of  home-made  apparatus.  The  U"*" 
however,  have  some  valuable  qualifications  besides  cheapne«;  <*T 
ciaily  in  that  they  encourage  independence  and  ingenuity.  A  f'*^ 
amount  of  home-made  apparatus  is  therefore  very  usefnl,  espej;'^ 
if    time    permits    the    students    to    manufacture    it    thenaselves. 


4 


'  A    very   food   quality  of   phy^iolosical    apparatu*   can    be   n'-' 
reaM>nat>le  price   from    the   Harvard  Apparatus   Company.   47    '^'^ '  •  .^r 

Mass.     Research   apparatus  may  l>c   obtained    from  C.    F.    Palme-.    .       ;         «»* 
Hill.   London.   S.    SV.      Ii    i»   rather   advantasetiui  to   funllivue   |b«   ttmd<sa  ** 
several    typei    and   make*   of   apparatus. 

•  Green  label.     "  Red  label. 
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directions  for  this  arc  ^ivcn  in  Chapter  XXXIV,  and  many  more  can 
be  d«vised  by  the  exercise  of  a  little  inventive  laknl. 

The    following  physiologic   apparatus    will    be   indispensable    for   the 
course  as  outlined : 


TABLE  XXIII  — LIST  OF  APPARATUS  IN   LOCKERS  AT 
BEGINNING  OF  COURSE. 

(For  six  students.) 


See  next  table  for  explanation  of  t- 

+  I  Battery,    key.    induction    coil 
and  electrodes. 

2  Beakers,  small  size. 

t  Bunsen  burner  and  tube. 

2  Camel's    hair   brushes. 
+  5  Cannula;,    assorted    sizes,    for 
vfsseU,  in  box. 

2  Cork-boards,  plain. 

2  Evaporating  dishes. 

2  Flasks,  256  c.c. 
•\  I   Funnel.  6  cm. 

2  Glass- rods, 
t  2  Graduates.  25  cc  conic 
+  1  Saucepan. 
i"  I   Bundle  ligatures,  fine, 
t  I   Bundle  ligatures,  coarse. 

400  c.c.  Normal  Saline  Solution, 
075%. 


t  400  c.c.  Normal  Saline  Solution, 
0.9%. 

1  Cork  of  pins. 

2  Pipetlcs,  plain. 

3  Pipettes,  graduated  in  }4  c.c 
2x2  iiithes  Fine  Sand  Paper, 
t    Sealing  Wax. 

t  2  Sponges, 
10  Tcst-tul)cs. 

I  Test-lul>c  rack. 

1  Test-tube  brush, 
t  2  Towels. 

1  Tripod  and  gauze, 
t  J  Tumblers. 

2  Wires  for  pithing, 
t  I  Box  of  Labels: 


TABLE  XXIV.— LIST  OF  ADDITIONAL  APPARATUS.  PL.\CED 
IN  THE  LOCKERS  WHEN  THE  OPERATIVE  WORK  ON 
MAMMALS  BEGINS. 

(For  six  .students.) 

This,  and  the  pieces  marked  t  in  Table  XXIII.  should  be  placed  in 
shallow  boxes,  which  can  be  easily  brought  to  the  operating  table : 

2  Tracheal   Cannula. 

3  Ureter  Camuilae. 

1  Aortic  Cannnl». 

2  Feathers. 
t   Large   pipette   for    filling   ma- 

nomef^r. 

3  Mohr's  Clamps. 
15  c.c.    Hypodermic   Syringe   and 

large  needle. 
I   Screw  Clamp. 
200  cc.  of  25%  MgSO.. 


200 

c.c.    of   Ether    (or    A 
Mixture) 

C. 

E. 

100 

c.c.   of   50%    Glycerin 
moMthed  bottle). 

(w 

ide- 

r 

Wnnlfs  bottle.  2  neck. 

250  c.c 

J 

r 

Rull-dog  forceps. 

Hcmo^tat. 

2 

Aneurism   needles. 

1 

Suture  needle. 

I   Set  of  Ropes. 


This   apparatus   is   again    removed    from   the   lockers   at   the   end   of 
the  course. 
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TABLE  XXV.— LIST    OF   LARGER   APPARATUS   FOR 
OPERATIVE  WORK. 


<For  six  students.) 

This  apparatus  should  be  kept  on  the  tables,  or  on  convenkittW 
accessible  shelves.  The  pieces  should  be  mounted  on  Mands,  for  m- 
mediate  ii5c: 

I   Dog  board. 

I  Bellows,   arranfted   for   arttticial 
respiration. 

I  Brodie  bellows. 

I  AInscIe-Iever.  arranged  for  myo- 
cardiagram. 

I   In^'cstion  burette  (50  c.c,  grad- 
uated in  Vi»). 

I  Rabbit-board. 


1  Mercury  manometer 

2  Kymographs. 

I  T-piece  for  respiration. 

I   Bellows —  Respiration   fccordc: 

I  Signal    magnet,    with    key   tod 

iwtterj-. 
1  Pipette,    10   c.c.    (ffraduatcd  tn 

V>.). 


1 


Of  the  following  pieces,  one  will  answer  for  two  or  thre*  sets: 
Oncometer.  Pneumograph     Receiving    Tani- 

Vein -Manometer.  hour  (Brodic's  or  Marcy'sl. 

TABLE  XXVL— APPARATUS  ASSIGNED  ON  OCCASION 
AND  NEEDED  FOR  DEMONSTRATIONS  (in  addition  to 
that  in  Tables  XXIII  to  XXV). 


iyS  Students.) 


6  Stomach-catheters   (English, 
No.  10). 

6  Fecding-btdbs. 
HjS  apparatus. 

6  Clinical    thermometers,   centi- 
grade. 

4  Mouth-gags. 

3  Cailu'ters. 

^  Dog  cages. 

^  Rabbit  cages. 

I-arge  bell  jar  (for  cat  or  rab- 
bit). 

6  Small    (Liter)    bell    jar,    open 
neck   (for  frogs). 

6  Inihicliun   coils   with   batteries, 
electrodes,  and  key. 

6  Additional  dry  cells 
i2  Muscle     levers     and     10     Cm. 
weights. 

6  Maximal-load   springs. 

4-J50  c.c.  Aspirator  bottles. 

.i  Artificial   circulation   models. 

[^iL.  "Mercury  Bnlbs  "  for  per- 
fusion apparatus. 

2  Smoking     arrangements     for 
drums. 


I  Varnish  trough. 
3  Files. 

Operating  in.struments. 

Ergograph. 

Plclhysmograph 

SpIiygnK)manometcr. 

SphyRnu:)graph. 

Cas-chamlKT 

Muscle-heater 
I  Spool  Linen  Thread  (No.  P 
I   Spool  Silk   ( Buttonhole  iw»«'' 
I  Ball  Cotton  wrapping  twine 
I   Ball    Express    twine    lD»""' 

less  flax.  No    24). 
I   Ball    Rope    (India   hemp.  ^^ 

r  Large   water-bath. 
12  Mohr's  clamps. 
6  Screw  clamps.  .  . 

6  T  and  V  pieces,  sixes  5  ai"  ' 

1  Hot-water   funnel. 
3  Fine   forcep?. 

5  Eine  curved   scissors. 

3  6-inrh   curved    (hair)   sci*'*"^^ 

2  Soring  scales  for  antoul^ 

3  Thermometers  i-ioo*  C 
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The  following  materials  should  be  in  drawers  conveniently  accessible 
to  students:  Wire  of  all  kinds;  straws  (or  levers;  sealing  wax;  filter 
paper ;  glass  and  rubber-tubing. 

TABLE  XXVU.— ANIMALS  NEEDED  FOR  L.\BORATORY 

COURSE. 

The  course  as  outlined  in  Chapters  III  to  V  requires  the  following 
animal;;,  for  a  class  of  30  to  36  students:  i  gross  Frogs  (medium); 
j8  Turtles;  i  Rooster;  2  Guinea-pigs;  20  Medium  rabbits;  2$  Dogs 
(small J  or  Cats. 

For  every  six  students  below  36,  the  following  may  be  subtracted: 
Frogs,  17;  Turtles,  3;  Rabbits,  2;  Dogs.  4, 


TABLE  XXVin.— SOLUTIONS   NEEDED   IN   THE  ANIMAL 

WORK. 

In  the  following  list,  the  nvimbcr  of  bottles  needed  for  a  class  of  36 
precedes  the  name;  the  last  figure  indicating  the  quantity  (c.c. )  in 
each  bottle.  (Solutions  which  do  not  .spoil  may  he  made  up  in  three 
or  five  times  this  antount.)  (0,75)  and  (.o.y)  indicates  that  the  drug 
is  to  l>e  dissolved  in  tliis  strrngth  of  sudimn  chlorid.  (no)  means 
that  the  salt  is  to  he  dried  at  iro**  C.  The  bottles  arc  to  be  arranged 
alphabetically,  except  when  ihe  quantity  exceeds  400  c.c.  The  .saline 
!»otiles  should  he  supplied  wilh  a  siphon.  The  significance  of  •  ai»d  •* 
is  given  on  page  781.  Hypodermic  tablets  may  be  used  to  make  small 
atnounts  of  very  perishable  solutions: 

c.c. 

I  Acid   Acetic.   s% 50 

•  I      **      Citric,  r%  30 

•  *  I      "      Citric,  1%  in  ro%  starch  paste 50 

I      "      Hydrochloric,    '/,.%    50 

♦  •   I      "       Hydrochloric.  ^/M  in  25%  acacia 25 

•3      "       Hydrocyanic.   2%    10 

1  Aconite,  Tablets,  0.3  c.  c.  of  10%  tinct 35 

3        "  10%   tinct 5*> 

•  3        '*  A^  iiifus.   (0.75)    10 

3  Adrenalin.  1  :  i.ooo lO 

*  •  3  "  I  :  10.000    (6.9)    15 

•  t   Agurin,    5%    ao 

^  Alcohol,  QS%    50 

2  "       50*^^'    y> 

2  Ammonia.    to% 10 

3  Ammonitun   Chlorid,   1% 40*> 

3  Amy]   Nitrite    tf> 

I        "         "3  drop  pearls 35 

3  Anesthetic   CA.  C.   E..  equal  narts) 250 

•  I   ApomiTphin   Hydrochlorid,   1% 10 

*  •  I  Aspidinm.   5*^    infusion 25 

I  Atropin    Sulphate,  i  mg.    tablets 35 

^        "               "          r%   (0.7=;)    20 

*3        "              "         V.-%    (0.75)    10 

3  Barium   Chlorid.   1% TOO 

3     "         "      V..%  25 

I        "  "        0.24%   (110)    too 

•  Green  labrl.     ••  Red  label. 
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3  Caffcin,    i%    * - *.**....    3^ 

*3     •'      0.1% n 

•3        "        0.01%   

♦3        "        1   :  5.000 

I  Calcium  Chtorid  (no),  0.15%   (0.9) "" 

I         "  "         (no).  16.33  Gm-  to  1  Liter — 

1  Calomel 35 

3  Camphor,  saturated  (,0.75)   , 25 

I  "        20%    in   oil *3 

I  Cannabis   Indica«  F.E.* -"" 

■  3  Chloral,    10%    •' 

1%     ir. 

Chloroform i^' 

saturated  solution   (0.75) 35 

Cocain  hydrochlorid.   1  % '** 

10  mg.  hypodcrm.  tablets .-  ■    ^ 

Colchicin,  F.  E.,  Root  and  Seed *S 

Copper    Sulphate,    1% 3** 

Curare.  V2%   (075)*  ^ 

"       V»%   (07s) * 

Digitalis.    10%  linct -^ 

30%  infus. 

"  10%   infus. 

4%  infus. 

1%  infus. 

H%  infus. 

tablets,  0.3 

Dionin.  10%   ,, , 

Diiirctin.    $%    

I  Ergot,    F.E 

•  3     "       2%  (a9>   

3  Ether    

•3      "         saturated  solution  (a75) . . 
1  Ethyl    Chlurid   tube 

♦  3  Encnin.    1%     

*  3  Hcriiin    hydrochlorid.    '/«% 

•  1  HyOrastinin  hydrochlorid,  Vm% - 

*  I   Hydra>tis.  F.  E    2%  (0.9) - 

I  Gasolin 

3  Grehants'  Anesthetic  (page  802). 
X  Lead   Acetate  papers......... 

1  Litmu>   Papers 

1  LtKkc's    Fhiid     ,, :.....,.,,.  -^ 

2  Machine    Oil 

I   Magnesium  Chlorid  (!fO).  ai9%  (0.g) ^ 

3  "  Sulphate   (no).  3.6%  (cryst  7-5%l *' 

I            "                 "        25%  crvsiaU  . 
I  Mercuric    Chlorid.    Vw% 

*  3  Morphin  Sulphate  or  Hydrochlorid, 


(0.75) 
<075) 
(0.75) 
(0.9)    .... 
(0.9)    ■-.. 
C.C.   tinct. 


too 
15 

I 

w  « 


*  * 


I  Mnscarin  Nitrate,  '/»%    (075) 

1  Nicotin    

3         "        1%   {0.75) 

2  "        J^%    (075) 


1% 


'  p.  E.  stands  for   fluMejitraeL 

*  Permonftit  Smprarrnal  Es^mrt  Macrratc  for  : 
or  4  of  (lric<l.  fuiirarrnnl  in  a  mixture  oT  1  nart  of  Itci 
ftfid  6  water.     Ftlirr-     Ttit*  may   tie  uied  like  Ibe   1:1 


Circcn   laticl 


KcJ  laf>cl. 
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•*3^     "      V..%    io.75)    50 

I  Onhoform 5 

3  Petrolatum    20 

•  3  Phenol,   1%    (0.9) 100 

1  Phlorrhizin 5 

I  Physostigmin  Salicylate,   i   mg*  hypodermic   tube ,..  25 

•  *  I            "                       "           1%    (0.75;    3 

•  "3           "                      "          V«%    C0.75)   5 

•  I  Picrotoxin.    i  :  250 5 

I  Pilocarpin  hydrochlorid,  i  mg.  hypoderm.  tube 25 

•  I           "                  "             1%    C0.75)    io 

*3           "                  "             Vi.%    (0.75)    30 

:  Potassium   Chlond,   crystals 10 

tt            *•               "          9%    25 

3            "               •'          1%    100 

3            "               "          '/••%     25 

I           "         lodid,   i7o    50 

2           "          Permanganate.    l%   100 

'  I  Quassia,  5%   infus 25 

•  J  Quinin   Hydrochlorid.   1%    (0.75) 25 

•  3        ■*                 "              V«%    {0.7s)    25 

•  3        "                  "               Vi».%    (0.75)    25 

P*  3        "  "  '/»•%   (0.75).  plus  10%  F.E.  Verba 

Sanla     10 

2  Ringer's   Fluid    400 

I   Santonm,   '/,«%    (with   NaOH) 35 

•  2  Saponin,   Vib%    (0.75) 20 

1  Sod.   Arsenate,  5% 10 

3      "           "          1%    (ap)    100 

3  Sodium  Oilorid,  crystals 5 

2  "           *'          10%    25 

3  "  "  5^°   ' 2,000 

3         "  "  2%   2.000 

5         •*  ■'  1%   2,000 

I  "  "    .     0.9%  4,000 

1         ••  "        0.75%  4.000 

1  "       Citrate,   (tio)   27.37  «^-  *o  I  Liter — 

2  *'        FInorid  0.43%    (isotonic  with  06%   NaCI) 30 

2  "        Nitrite.    10%    25 

3  "        Nitrite.    i%    10 

3         "       Sulphate   (no),  2J%  400 

3         "  "  (no),  2% 1.000 

3          •*            "           !"<*>•    '9%    ^'^ 

•*i   Strophaiithus.   '/„.%    (0.9) ,►,,.,..  100 

3  Suprarenal  Extract  in  50%  Glycerin' 25 

*i  Strychnin   Sulphate,   1%    (0.75) 25 

••3        '"                   "        V,.%    (075)    50 

••3       "             "      V»%  (0.75)  n 

•■3          '*                   "        */.«%   (0.75)   20 

•  •  T          "                  "        7"%  in  25%  acacia 5 

•  3  Sugar.  Cane,   10% 25 

••  I  Theocin,    5%    10 

•  I  Turpentine  Kmulsion,   1% 25 

•  •  I  Urea.   ry%    100 

•  3  Vrelhane,   20%    20 

'  3  Veratrin    Sulphate.    1% 50 

*  The  addition   of  a    little   thymol    will    improve   the  kecfnnr   qtMllty   of  curare 
wlulion,   without  inlcrfcrinK  with  its  action. 
r.rren  labrl.     "  Red  label. 
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X  Yohimbin   Tablets. 
2  Zinc   Sulphate,    l% 


5    mg. 


S 

10 

SO 


n 


TABLE  XXIX  — ASSIGNMENT  OF  OPERATIVE  WOR-iC    ^ 

To  avoid  confusion,   ihc  students   in  each   set  should  be  a»siK>^*^<l  K 
definite  portion  of  the  work,  as  follows: 

Placi!  I. —  Weigh  the  aninial :  give  anesthetics  (page  8oi)  and    inji 
tions   (page  803;  ;  attend  to  artificial  respiration  (page  817)  ;  clcanini 

Flan'  II. —  Blood-pressure  tracing;  and  pulse  (page    811,  8i4>. 

Plact'  III. —  Operate  ( pages  807  to  81 1  >  and  record.    Observations  Aiwfj 
tracings  other  than  blood-pressure   (Respiration,  page  815.  elc. |. 

The  students  of  each  place  set  up  their  apparatus.  As  miK'h  a«  pos- 
sible should  be  prepared  in  advance.  Each  set  will  sec  that  its  tables 
are  left  neat  and  clean  at  the  end  of  the  exercise- 

The  assignment  of  the  students  to  these  places  is  given  in  each  r^'^* 
CISC-     The   following  may  serve    for 
set  being  nnmbered  from  A  to  F)  : 


orientation    ttbc   students  ol  crswh 


Exercise. 
58 

61 
62 
63 


Pl.i 
AH 
CD 
EF 
AB 
CD 


IT. 
CO 
EF 
AB 
CD 
EF 


in 

EF 
AB 
CD 
EF 
AB 


Exercise  PI  T 

6s  EF 

67-  AB 
69  to  71  CD 

74  EF 

75  AB 

76  CD 


II 

AB 
CD 
EF 
AB 
CD 
EF 


fir 

CD 

FT 
AB 
CD 
EF 
AB 


The  exercises  which  arc  bracketed  are  asi^igncd  lo  differeot  *«»  "O 
the  same  day. 


TABLE    XXX.— TEXT-DOOKS    OF    EXPERIMENTAL    PHAR- 
MACOLOGY AND  PHYSIOLOGY 

Those  marked  with  an  asterisk  are  referred  to  in  the  text  TV 
others  arc  useful,  and  indeed  indispensable  for  advanced  work;  btn  ti«f 
will  not  Ixr  needed  in  the  regular  c*»^^^e : 

*  Beddard,  Edkins.  Hill.  MacLeod,  and  Pcmbrcy:  Praciicot  Pfcjtf* 
iology:  Edw.  Arnold,  London   (1902). 

Binz:      I'oriesungen      itbcr     Phormacotogie ,      Hinichwatd,     Bcdm 

(tSQl). 

•Brodic:    Essentials  of  Experim^nial  Physiology:  Longftiunft,  Catet 

&  Co..  London.  New  York,  and  Bombay  ( i8g8>. 

Brunton :     Plujrmacology.    Therapeutics,   and    Moicria    Mtdita:  LA 

Bros.,  Philadelphia   (1885)' 
Cyon :     Methndik:  Ricker.  Gicssen  and  St.   Petersburg   i\^^\ 
Dubois:     Physiotonie  Ilxperimentate:  Carre  ct   Naud,   Pairis   (iqDoV 
♦Edmunds  and   Cushny:     Laboratory  Guide  in  Exp^m^mtol  Pfcflf 

macohcy:  Wahr,  Ann  Arbor.  Mich.  (igos). 

*  C.  W.  Grcemc:    Experimental  Pharmacology;  Columbia,  Mtssoori 

Hall:    Laboratory  Guide   in   Physiology :   Chicago   Med     Book   Col 

(i8q7). 

•The  Harvard  Apparatus  Company  Catologiie:  47  Pearl  Str.,  Brodc- 
linc.  Mass. 

Heinx:  Handbuch  der  experiment .  Pathol,  m.  Phw^makoUpe; 
Fischer,  Jena  (1904). 
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Hermann:    PUysiologisches  Pracltcum:  Vogel,  Leipzig  (1898J. 

Hermann ;    ExpcrintcntcHc   Toxicologic ;  Hirschwald,   Berlin   { 1874). 

Kobcrt:     Lchrbuch   dcr  iutoxicationcn;   Eiikc.   Stuttgart    (190J). 

Miller :  Experimental  Pharmacology;  Northwestern  University 
Medical   School,  Chicago   (1904). 

Pembrey  and  Phillips ;  Physiological  Action  of  Drugs;  Arnold, 
London   (1901). 

Sanderson  and  others:  Handbook  for  the  Physiological  Labora- 
tory; Lindsay  &  Blakision.   Philadelphia   (1873). 

Schafer :  Practital  Physiology,  Longmans,  Green  &  Co.,  London, 
New  Ycjrk,  and   Bombay   (igoi). 

■Stewart:     Manual  of  Physiology.  Saimders,   Philadelphia   Ct<X>5). 

TABLE  XXXl  — TEXT-BOOKS   OF   PHARMACOLOGY. 

Cushny:  Pharmacology  and  Therapeutics,  Lea  Bros..  Philadelphia 
(1903). 

Von   Hofmann:    Atlas  of  Legal  Medicine.  Saunders.  Philadelphia. 

Schmiedcberg :     Pharmakologic.    Vogvl.    Leipzig    ( ig02>. 

*  Sollmann :     Text-Book  of  Pharmacology,   Saunders.    Philadelphia. 

White  (Edimr)  :  Text-Hook  of  Pharmacology  and  Therapeutics. 
Peniland,   Edinburgh  and  London   (1901). 

\V(x>d  :     Therapeutics.  Lippincott    ( 1902) . 


TABLE  XXXn  — REFERENXE  WORKS  FOR  CHEMICAL  AND 
PHARMACErriCAL  WORK. 

Dispensatory,  National  or  United  States; 

Fliicckiger :     Reactions,   Davis,    Detroit. 

Hager :     Handhnch   der  Pharmaceutischen   Praxis.  Springer,   Berlin. 

•  Hatcher  and  Sollmann :  Text-Book  of  Materia  Medica.  Saunders 
&  Co    (1Q04). 

Remington:     Practice  of  Pharmacy,  Blakiston,  Philadelphia. 

Schaer  and  Zenetti:  Analylisch-cliemische  Vebungsarbeiten.  Gaert- 
ner,  Berlin   (1897). 

Holland:  Medical  Chemistry  and  Toxicology,  Saunders.  Phila- 
delphia, 

•  United   States   Pharmocopcria,    Eighth    Revision,   Blakiston.    Phila- 
delphia- 
Cost  on   Installation. —  This  depends  greatly  on  circumstances.     It 

may  be  tnadc  very  modcr.Tte  if  the  resources  of  other  departments  arc 
utilized  (although  this  is  not  true  economy  in  the  end).  The  content*? 
of  the  chemir  lockers  cost  about  $6  to  $7  (for  two  men)  :  those  of  the 
animal  lockers  about  $15  (for  six  men).  The  chemicals  require  about 
$100.     A  thoronph  equipment  requires  a  much  larger  sum. 

Cost  of  Maintenance. —  This  again  depends  entirely  upon  circum- 
stances. For  ^  cla<;s  of  3()  men,  the  animals  will  cost  ahom  $30  to 
$50,  the  chemicals  %2t,  to  $40  per  year.  An  independent  or  research 
department  will  have  many  other  expenses. 
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CHAPTER  XXXIV. 

EXPERIMENTAL  TECHNIC  AND  APPA- 
RATUS. 


The  main  purpose  of  tliis  chapter  is  to  give  descriptions  oi  the 
methods  and  apparatus  used  in  pharmacologic  experimentaiifm  on  »«'- 
mals.  Sludrnts  who  have  taken  a  course  in  exporinimtat  physioA^ 
will  be  familiar  with  most  of  these  methods:  for  this  reason  it '■ccnic<' 
preferable  to  separate  their  description  from  that  of  the  cxpcrimoiti 
proper.  Only  those  mcihods.  which  are  actually  used  in  thr  iinlinary 
course,  arc  given  in  detail ;  but  it  is  hoped  that  the  references  U>  tljf 
others  will  be  suflficient  to  guide  the  more  advanced  worktr  " 
should  .be  remembered  that  in  the  mnttcr  of  technic,  a  little  dciur«- 
strating  is  superior  to  pages  of  description. 

I.    ELECTRIC  AND  RECORDING  APPARATUS. 

The  Indudion  Coil.~  Figure  95  gives  an  illustration  of  a  siw?^* 
and  effective  form.  If  the  tetanising  current  is  required,  the  bindi** 
screw*  o  and  /'  are  connected  with  the  battery,  the  primar>  key  f^J 
bring  closed  whenever  the  current  is  to  be  used.  For  singU  ***  * 
and  hri'iik  shocks,  the  batlerj'  is  connected  with  0  and  c.  and  nuht  »^ 
break  arc  made  by  pushing  down  or  releasing  Kp.  , 

i   is    the    interrupter    which    produces    the    tcfanisxng    current  \\  ^^^. 
hatter>'   is  connected   with  a  and  h.     f>  is  the  primary  coil   whr''  ■  * 
rounds   a   bundle   of   sofl    iron   wire.     The    latter    serves   at   i' 
time   as   a   magnet    for   the    interrupter.     The    secondary   coi!  ^^ 

in  two  binding  screws  s'  s',  to  which  the  elcctrodt^s  an*  atLictttd 
these  arc  to  ftf  used   on  the  nerve,  they  arc  best   made   fn'm  flf<'^" 
insulated   wire   to   which   short   pins   are   soldered,   the   r. 
closed   in  glass  tubing  and  hound  together.     For  direct 
the   muscle,   however,   a   belter   arrangement   is   to  connecT    i    ^^ 
muscle  by  means  of  very  fine  insiilalod  wires  the  tiarcd  ends  of  wrij 
arc  thrust  directly  througli  the  muscle.     Platinum  and   non-pnlatJ^^ 
electrodes  are  not  necessary  m  the  ordinarj'  course. 

To  produce  a  sini^te  break  shock,  s'  is  conncclctl  with  tbc  ^ii'?'' 
screws  of  another  key.  Ks.     The  electrodes   ie,  f)  are  c 
the  same  binding  post.     (See  Fig.  o^.)     When   A' J   is  cI- 
ondary  current   is  short-circuited,     To  -end  a  single  brcuk  ^'^'^L, 
the  nuiscic :     With  the  finger  close  Ks.  then  Kp,  then  open  AV    "I 
Kp   is   now   opened,   a  single   break   sbtvk   will    be   thrown  into 
muscle  ^jj 

The  rail  on  which  the  secondary  coil  slides  should  be  provnJrd»^2f 
a  centimettr  scale  to  enable  one  to  reproduce  the  same  streogtli  ^^' 
current.  ^^ 

Ahcays  lest  the  coil  by  placing  the  electrodes  on  a  nuisctc  Of  00  w^' 
loneur.  before  becinnine  the  experiment.  ^^ 

Iff  the  induction  coil  does  not  work  bnj;htfn  thr  conMff*^ 
tiiWi   satid   paper.     Test    ihc    primary   circuit,   by    placing   the  wl«»  ^ 
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the  tongue:  if  this  shows  a  defect,  test  the  battery  in  the  same  way. 
If  the  trouble  is  not  in  the  primary  circuit,  see  whether  the  electrodes 
are  short  circuited,  by  placing  the  moistened  fingers  on  the  binding- 
screws  of  tlie  secondary  coil. 

The  Harvard  Inductorium. —  In  this  the  outer  binding  posts  arc 
used  for  the  tftanhing  current,  tbt  left  outer  post  and  the  middle  post 
for  single  shocks.  The  secondary  current  can  he  shnrt-circuiled  l>y 
cloj'ing  the  key  at  the  end  of  the  rods.  The  current  is  weakened  by 
drawing  mit  the  secondary  coil  and  turning  it  on  its  axis. 

Batteries. —  The  ordinary  dry  cells  are  the  most  convenient.  They 
suffice  for  most  purposes,  although  they  do  not  give  a  very  steady  cur- 
rent.    If  the  latter  is  essential,  the  Daniell  cell  is  the  most  useful. 

Simple  Electric  Keys.— The  form  shown  in  Fig.  95  is  easily  made, 
or  can  be  bought.  Small  cleciric  light  switches  answer  for  many 
purpoi*cs. 

Single  Shock  Key. — The  apparatus  shown  in  Fig.  96  makes  it  pos- 
sible to  produce  a  single  break  induction  shock  by  one  movement. 


Fig.  55. —  Induction  ci'il  and  limple  key.      (For  description,  sec  the  text.) 


Kymographs. —  These  are  cylinders  which  are  moved  automatically 
hy  a  clf>ck\v«"rk.  nintor,  etc.  (see  Fig.  iir,  page  812).  Three  speeds  arc 
needed:  one  revolution  in  5  to  10  seconds  (for  frog's  muscle);  in 
5  minutes  (for  details  of  hlood-prcssurc,  cic. )  ;  and  *j  hour  (for  pro- 
longed blood-pressure,  respiration,  etc.).  The  cylinder  is  covered  with 
paper,  on  which  the  recording  instrument  writes.  The  paper  is  drawn 
snugly  around  the  drum,  ihc  free  edpe  of  the  paper  being  pasted  with 
mucilage  on  to  ihe  first  layer.  Superfluous  paper  is  trimmcil  uff.  The 
'xvriling  may  he  done  with  ink  from  a  small  glass  feeding  tube  nttached 
<o  the  writing  in.strument.  A  more  generally  useful  mcihod,  however, 
is  to  use  a  paper  with  gla/cd  surface  and  covered  with  a  thin  layer 
of  soot,  on  which  the  levers,  etc..  trace.  The  sont  is  deposited  by  re- 
"v-olving  the  drum  rapidly  in  the  flame  nf  a  fish-tail  burner.  A  stand 
for  supporting  the  drum  whiht  it  i*;  beinti  revolved  and  smoked  can 
«rasily  be  constructed  from  a  small  box.  The  tracing  is  always  started 
^vhere  the  paper  joins.  When  the  traciny  has  been  taken,  the  paper  is 
cut  from  Ihe  dnun.  aiul  varnished  hy  passing  it  through  a  trough  con- 
taining a  strong  alcoholic  solution  of  orange  shellac.     Any  notes,  ctd 
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must  be  written  witli  a  blunt  needle  on  the  tracing  before  it  it  nr- 
nished.  They  should  be  sufhcient  to  make  the  tracing  intelligible  «itb- 
out  reference  to  note-books. 

Btuf  prints  of  trmungs  may  be  made  by  laying  the  tracing  m  * 
sheet  of  sensitive  blue  print  paper,  covering  with  a  plate  ol  Rla*.*.  ind 
exposing  to  sunlight   for  a  day,  and   washing. 

For  writing  points  one  may  tise  tapering^  bits  of  parchmcm  pal*'. 
5  cm.  long,  and  i  cm.  wide  at  the  base.  These  are  attached  to  the  rml  "^ 
the  straw-levers,  etc.,  by  sealing  wax  or  colophoninm  cement,  Pindtt 
of  celluloid   or  steel,   or  the  blunt   end   of  a   needle,  can  be  simiUrfj 


Fin.  q6.— Sinitle  Shock  Key  (^   natural  »i«>.     Thrrr  wxmrnii  tA  kwfc 
c.  arc  mountrd   in    a   circle  on   a   wooden   or  slide   bi»e.   bcmit   carvfany  " 
from  each  oihrr.     TKcy  arc  connected  wiib  bindins  acrewn  -i*.  'li.v*t.  In  U>* 
lines.     A    metnl    crank    is  mounTcd    in    the    center   of   thi? 
(he   brass  acKinent»  hy   a  CTO»vpicce.      The    himfjnff   Bcrew* 
m    the   diagram.     When    nut    in    u»c.   the   crank    i«   krpi   ai 
turned  in  the  direction  of  the  arrow.     StimuUliun  occura  vvbeu   tU  vs^Ak  ^ ' 
c  for  a. 

used.    Tlic  end  of  the  writing  point  should  be  bent  slightly  Ip' 
the  drum.     It  should  be  placed  at  a  tangent,  pointing  in  the  difM- 
toward  which  the  drum  is  moving,  ^^ 

The  movements  to  be  recorded  are  usually  so  small  that  ih^  ^% 
quire  to  be-  magnified  by  levers  (see  Muscle-levers)  :  these  ihouW  *"^ 
rigid  and  light.     Straws  or  aluminium  are  very  ^atisfarU->rv  ,^ 

Stands  for  Supporting  Levers,  Etc.— A  rather  short  vi»M  ^^ 
heavy    semicircular   base   is  best.     It   is   furnished    witli   donhie  ^^ 
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rouflFcn").     An   adjustable   stand   is   very   convenient   if  great   ac- 
curacy  of   adjustment    is    nct-dcd.     This    is   secured    by   a    micrometer 


|||W. 


II.  EXPERIMENTS  ON  FROGS. 


edium  "  frogs,  nf  a  body-length  of  2  to  3'  inches,  answer  vpry 
veil;  the  larR^r  specimens  should  be  reserved  for  perfusion  exptrri- 
nents  on  the  heart  The  animals  should  be  kept  in  a  roomy  tank,  with 
old  running  water  and  a  dry  shelf  or  some  stones. 

Administration  of  Druss. —  Solutions  arc  usually  injected  into  the 
nlerior  lymph-sac.  The  method  of  Edmunds  and  Cushny  is  rccom- 
ncndcd:  "Lay  the  animal  back  downwards  in  the  palm  nf  the  left 
land.  Hold  one  of  its  forelegs  firmly  between  the  tmimb  and  index 
ingcr,  and  the  other  foreleg  between  the  middle  and  ring  fingers. 
)raw  its  hindlcgs  downward  and  hold  them  against  the  palmar  sur- 
Bcc  of  the  hand  by  means  of  the  little  finRer. 

**  Having  the  drug  in  the  glass  injecting  pipette,  which  h  held  in 
he  right  hand,  force  the  animal's  mouth  open  wim  the  point.  Pass 
he  pipette  mto  the  mouth,  avoiding  the  tongue,  wmch  is  attached  an- 
eriorly,  and  direct  the  pnint  toward  the  tloor  of  the  mouth  which 
vith  a  liitle  pressure  it  will  pierce,  entering  the  lymph-sac.  As  it  is 
mshed  down  tlic  sac,  the  point  can  lie  seen  licnealh  the  skin  of  the 
ibdominal  wall.  The  finger  is  now  removed,  and  the  drug  allowed 
©  flow  into  the  sac,  or  if  necessary,  blown  in." 

When  very  accurate  dosage  is  desired,  an  exact  pipette,  furnished 
vtlh  a  hypodermic  needle,  mav  l>e  employed.  Ordinarily,  a  pipette 
rTaduated  by  the  student  with  file  marks  into  '4  c.  c.  will  suffice.  The 
lUntity  injected  'should  lie  between  0.5  and  I  c  c.  (see  Index,  '*  Cal- 
i.iIaiion  of  Doses  and  Dilutions). 

Solutions  can  also  be  given  by  the  stomach,  through  a  blunt  glass- 
shc  passed  down  the  esophagus.  Many  water-soluble  drugs  (alka- 
►idal  salts,  etc)  are  absorbed  by  the  intact  skl».  and  may  he  admin- 
tered  by  painting  them  on  the  surface  of  the  skin,  or  by  placing  the 
»tir«  animal  in  a  jar  containing  the  solution.  Gases  can  be  given  by 
JiciriK  the  animal   under  an  inverted  tumbler. 

Anesthesia  may  be  induced  by  placing  a  bunch  of  cotton  saturated 
th   ctber  midcr  the  tumbler 

1*0  pith  a  frog,  it  is  held  in  the  left  hand  and  the  head  bent  slightly 
''ward  with  the  thumb.  If  the  finger-nail  is  pas.scd  ligiitly  along 
^  spine  a  slight  depression  will  be  felt  back  of  the  head.  A  narrow- 
fcded  knife  is  thrust  in  here,  and  the  brain  or  cord  can  then  be  de- 
-•^ed  by  pushing  in  a  stiff  wire.  When  this  is  withdrawn,  the 
^Mnd  should  be  stopped  with  a  short  piece  of  pointed  match  to 
'5»id  bleeding.  A  special  wire  Mhe  thickness  of  a  pencil-lead  and 
*tichcs  long)  should  be  reserved  for  this  purpose. 
T^e  brain  and  medulla  alone  are  destroyed  when  the  animal  is  to 
.  ws«d  for  the  observation  of  reflexes  or  circulation.  The  cord  also, 
5jpi  the  organs  (heart  or  muscle)  are  10  be  excised. 
,  ■'o  destroy  the  brain  only,  a  line  is  drawn  joining  the  posterior 
JFte  of  the  tympanic  membranes,  and  the  skull  opened  in  front  of 
^^  line  :ind  the  brain  destroyed. 

^'bfervation  of  Reflex  Time. —  The  frog  (usually  with  brain  and 
^<lijlla  pithed)  is  held  with  forceps  or  suspended  from  a  hook  passed 
*~oiigh  the  lower  jaw,  tnd  one  or  both  hind-feel  immersed  into  a 
^*i  containing  5?^  acetic  acid  or  'Ao%  HCl.  The  reflex  time  is  the 
jj^^v  clapsuig  between  the  immersion  and  the  withdrawal  of  the  foot. 
■^^  average  of  *ieveral  observations  should  be  taken,  the  acid  being 
.^^hed   off   after   each    test,   and   a   short   interval   of  rest   must   be 
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Frog-boards, —  For  dissections  or  operations,  the  pithed  froR  shocid 
be  pinned  in  convenient  position  on  a  cork  board.  Plarcs  of  lttIc 
J2  X  4  X  y,n  inches  can  be  obtained  from  dealers  in  shoemakers 
supplies.  These  are  cut  to  a  length  of  six  inches  and  may  be  ticM 
to  small  pine  hoards  of  about  the  same  size. 

For  obsiTfing  thr  circulation  of  the  froji^s  foot,  a  trianj^lar  9lit  is 
cut  from  one  end  of  the  board,  and  the  web  of  the  fool  is  stretdMd 
over  this  slit.  This  is  laid  on  the  stage  of  the  microscope,  the  OlJwr 
end  of  the  board  being  conveniently  supported  by  a  tumbler. 

For  ohst'rving  the  circulation  in  the  omentum,  the  cork-hoard  »bowa 
in  Fig.  97  is  employed.  A  semicircle  is  cut  out  at  one  side  to  ad^ 
it  to  the  stand  of  the  microscope.  A  hole  of  about  18  mm  is  maoe 
near  the  center  with  a  cork-borer.  Into  this  a  perforated  cork  (1  at 
bore)  is  pushed  tifihtly.  The  bottom  of  the  cork  is  cut  off  flu^h  *uh 
the  board.  The  top  projects  1  cm.  above  the  board.  The  edge  of 
the  cork  are  rounded  with  a  file. 


^^8-  97- —  t'ircuUtion- Board,     for     MudyinK     ibe     circulation 
omentum.     >S  natural  lirc. 


tbe  ini* 


To  observe  the  circtilation,  the  brain  of  the  frog  is  r  1 
domen  is  opened   and   the   sciatic   nerves   divided   withi 
The  frog  is  then  pinned  onthe  b<'ard,  un  the  side  away   ' 
scope,    so    th.1t    the    abdomen   tenches   the   cork.     A    m 
cotton,  moistened   with  normal  s.ihne  solution,  \*  insert. 
frog   and   the  cork.     A   coil   (if   intestine   is  drawn   mir 
pinned    nver   the   cork,    so    that    the    tncsenter>'    comes    * 
opening.     Twisting  of  the  vessels  must  be  avoided.     A 
of  filler  paper  is  laid   with  its   l»ase  on  the  opened  al< 
apex  on  the  mesentery.    This  i&  moistened  with  normiil  nU^m  ^^* 
tion. 

Nornuil  Saline  Solution  for  Frogs.— This  is  a  a75%  »olntiOft  " 
sodium  ":hlorMl. 
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Preparation   of   the  Sciatic   Nerve. —  The   frog  is 
incision  i^  nmde  through  the  skin  from  the  hip  to  the   - 
middle  'if  the  dorsal    surface  of  the   leg.     By  separatu 
with  the  forceps,  the  nerve  is  seen  a«  a  whitish  cord  ;i' 
the  groove.     It   may  be  raised  hy   gently  tki-^sing  a  v 
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?-nccdIo  '     Carr  must  he  taken  not  lo  initire  it  bv  handlinff. 
To  Ligate  the  Leg  exclusive  of  the  Sciatic  Nerve,  the  nerve  is 

rcpared  as  just  described,  and  a  stout  linen  ligatured  is  passed  below 
and  tied  firmiy  around  the  leg.  including  all  the  blood-vcswls.    The 

ervc  nui'it  he  protected  against  drying  by  covering  it  with  filter  paper 

^aked  in  0.0%  XaCl. 
To  make  a  muscle-nerve  preparation*  the  frog  is  pithed  through 

rain  and  cord.    It  is  then  held  iip  by  the  legs  so  that  the  anterior 

art    of   the   body   falls    down.    The    scissors   are    thrusi    througli    the 

Ra  little  anterior  to  the  angle  and  the  wliolc  body  is  cut  oif.f  By 
ing  ihc  skin  with  a  cloth  it  can  be  readily  removed  from  ihc 
:g».  The  two  legs  are  then  cut  apart  just  in  t!ie  median  line.  The 
i;)C  bones   (the  two  bones  at  the   sides)   arc  cut  away.     Each  portion 

then  turned  with  the  posterior  surface  upward,  and  the  muscles  of 
le  thigh  are  pulled  apart  with  the  fingers.  The  sciatic  nerve  will 
?  seen  lying  at  the  bottom  of  the  groove.  It  is  carefully  di-isccted 
A  with  a  few  cuts  of  the  scissors,  from  the  spinal  canal  to  which  it 

attached,  to  the  knee.  The  thigh  is  then  cut  off  so  as  in  leave  a 
ion  piece  of  the  femur  attached  to  the  knee. —  A  blade  of  the  scissors 

then  thrust  under  the  tendo  Acbillis.  and  pushed  as  far  as  possible 
iward  the  toe**.  The  tendon  is  then  cut  off  at  this  point.  The  tibial 
■vne  is  also  divided  close  to  the  knee, —  In  this  way  a  preparation  is 
irmcd  consisting  of  a  small  piece  nf  bone  of  the  spinal  column  at- 
chcd  to  the  sciatic  nerve,  a  bit  of  the  fcintir,  tlic  gastrocnemius 
nscJc,  ajid  the  Icndo  Acbillis.  These  preparations  must  be  carefully 
rpt  frotn  drying  by  wrapping  in  filter  paper  soaked  in  normal  saline 
>lution. 

If  ihe  drugs   are  not   to  be   apphcd   directly   to  the  muscle,  the   skin 
ay  be  left  on  the  preparation,     H  the  poison  is  to  be  applied  only  to 
ic  nerve,  the  opcratinn  need  fjrdy  to  he  carried  to  f. 
Gastrocnemius   Preparations. —  If   the   muscle   alone    is   to   be   oh- 
rvcd.  the   preparation  of  the  nerve  may  be  dispensed   with.     The  leg 

amputated  just  above  the  knee.  If  the  muscle  is  not  to  |)c  exposed 
I  the  poisons,  this  preparation  may  be  used  as  it  is.  Otherwise  the 
tin  may  be  removed  and  the  muscle  prepared  as  in  —  to  —  of  the 
St  paragraph. 

\t  is  sometimes  desirable  to  obtain  a  record  of  muscular  contractions 
hilst  the  circulation  through  the  muscle  is  intact.  For  this  pur(>ose 
le  pithed  frog  is  pinned  on  the  board,  dorsal  surface  up,  and  a  liga- 
tre  is  pa.sscd  through  the  tendo  Achillis  and  attached  to  the  lever. 
Protection  Against  Drying- — The  muscle  and  nerve  must  he  care- 
jlty  protected  from  desiccntion.  This  is  superfluous  if  the  prcpara- 
ofi  is  covered  by  skin;  otherwise,  it  may  l>c  wra[tpcd  in  titter  jjaper 
ituratcd  with  normal  saline  sohition.  The  nerve  may  be  painted 
ilh  the  *iolution.  using  a  camel's  hair  brush  or  swab.  If  it  is  neccs- 
»ry  to  keep  the  moisture  constant,  the  preparation  is  covered  by  a 
irnhlcr  or  lK*II-jar  lined  with  moist  filter  paper.     A  "moist  chamber" 

made  hv  the  Hnrvard  Appiiratns  Company. 

Direct  Application  of  Drugs  to  the  Muscle  or  Nerve. —  This  may 
r  done.  accnr<iint;  t»t  circuni-^tanccs.  by  dipping  the  part  into  the  solu- 
on,  or  by  naintmg  with  a  camelV  hairbrush,  or  by  allowing  the  solu- 
nn  tct  flow  over  the  part  from  a  pipette.  The  penetration  of  solutions 
ito  the  muscle  may  he  facilitated  by  scarifying  the  sheath. 
Gases  may  bo  applied  by  placing  the  preparation,  or  any  part  of  it. 
[Ill  a  tube  through  which  the  moist  gas  is  flowing-  (Harvard  Gas 
hamber) 

'nf£  Xf^Jltj  irc  made  hy  hcalintc  a  stour  ff«-wtng  ncrdic  half  an  inch 
_hc  hldm  end  until  ii  can  tw  bcni  ot  right  antfles  and  fixing  the  point  in 
rcnivni   wooden  tiamlle   (jtcnhoMcr). 
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Heating  and  Cooling  the  Muscle. —  The  muscle  may  be  heated  cr 
cooled  by  laying  it  into  norma!  sabnc  solution  of  the  required  lem- 
peratiirc.  Belter  results  can  be  obtained  by  surroundmg  the  mtisde 
with  a  box  containing  water  at  the  proper  temperature  (Haninl 
Mu<icle   Warmer). 

Muscle-Levers.—  To  record  the  movement  of  a  muscle  graphkaHy. 
to  obtain  a  muscle-tracing,  it  requires  to  be  magnified  by  a  lever  TV 
type  illustrated  in  Fig.  ^  is  the  most  useful  for  pharmacologic  pur- 
poses, as  it  permits  the  application  of  solutions  without  removing  the 
lever  from  the   drum. 

A  straw  or  light  strip  of  aluminiiim,  a})out  5  inches  long,  i$  lieil  10 
the  lever  and  lixed  with  wax.  This  again  bears  a  writing  poini  of 
parchment  paper. 

The  muscle  is  attached  by  hooks  or  strings,  a?  shown  in  the  fijT"^ 
The  attachment  to  the  lever  is  best  made  with  a  bent  pin,  %o  ihJii  tl* 
point  of  attachment,  and  thereby  the  excursion,  can  be  altcrtd  2* 
needed.  A  weight  of  about  10  Gm.  «.hould  be  suspended  on  ihe  olher 
limb,  about  an   equal   distance   from   the   fulcrum.     The   ner^e  nay  ^ 


Ftff.  98. —  Muscle  lever,  natUfaF  alcr. 

laid  on  the  electrodes.  U  the  muscle  is  to  be  stimulated  ^^^^^^\^ 
wires,  connected  with  the  secondary  coil,  are  ihrusl  directly  tJtfpof* 
the  muscle. 

Single  break  .shocks  (sec  Index)  are  used,  unless  the  mii*ek  i^  "? 
be  teiani/cd.  The  lever  is  adjusted  at  a  tangent  to  the  drum.  'jJ'pj 
it  traces  easily  when  the  lever  is  moved.  The  writing  fK»im  sIioulJ  v 
bent  toward  the  drum.  The  fastest  speed  of  the  drum  is  needed  w 
sfnyxv  the  form  of  contraction.  This  may  be  secure*!  by  r*ifln8  '* 
drum  from  the  clockwork,  and  spinniuK  it  like  a  top,  bv  t  •'f'^ 
attached  In  a  cord  which  is  wound  about  the  drum.  The  (tar«l 
should  be  taken  immediately  after  the  weight  ha*  f.'iillcn 

If  it  is  wished  to  stimulate  the  muscle  always  at  iIk'  tame  poirt  ^ 
Ihe    dnim,    the   arrangement    dcscrdjed    in    Stewart's    Manual  **? 
used. 

The  effect  of  a  solution  is  tested  by  placing  ii  in  beaker  or  Wt't*^ 
and  raising  this  so  as  to  immerse  the  muscle  , 

A  time  record  may  be  placed  on  the  tracing  by  a  writifi^-po**  ''■ 
tached  to  a  vibrating  tuning  fork. 


To  study  the  effect  of  druKs  on  fatigue,  ihe  two  gastrocnemii  of 

t  same  anuiKiI  arc  employed,  one  lieiiig  treated  with  normal  saline, 
ic  other  with  the  drug  dissolved  in  ^allne.  The  two  muscles  are 
len  lied  to  levers,  which  are  arranged  so  as  to  write  on  the  same 
flow)  drum.  The  magnification,  load,  Iriction.  etc.,  should  he  ex- 
;lly  equal.  Each  muscle  is  then  connected  with  one  of  the  binding 
Tews  of  the  >econdary  coil.  A  third  wire  joins  the  two  muscles.  A 
tanizing  current  is  employed.  The  results  arc  apt  to  be  unsalisfac- 
ry  unless  the  experiment  is  very  carefully  performed. 
Tbe  Lifting  Power  of  a  Muicte. —  A  convenient  apparatus  for 
udying  this  con.sisl^  in  a  slitT  >traight  brass  wire  (4  mm.  diameter), 
tout  6  inches  long.  One  end  of  the  wire  is  securely  clamped  to  a 
and ;  the  other  is  prolonged  by  a  straw,  to  exaggerate  the  move- 
enl.  A  stiff  iron  rod  (li  inch  diameter,  6  inches  long)  is  clamped 
1  the  same  stand,  3  inches  above  and  parallel  to  the  brass  wire.  The 
nscle  is  tied  to  the  two  rods,  so  that  it  may  be  moved  toward  or  away 
om  the  stand.  The  nearest  pciint  to  the  Stand  is  noted,  at  which 
imulation  of  the  muscle  causes  a  perceptible  movement  of  the  lever. 
Iii$  will  be  the  nearer,  the  greater  the  lifting  power  of  the  muscle. 
Another  method  is  as  follows:  The  muscle  is  connected  with  a 
arvard    muscle   lever,    which    is    supported    by   the   after-load    screw. 

weight-pan  is  suspended  from  the  lever  at  the  point  where  the 
luscle  is  attached,  and  weights  arc  added  until  the  muscle  is  just 
lable   to   move   tbe   lever   when    stimidated. 

The  excitability  of  a  muscle  or  nerve  is  observed  very  simply  by 
iticing  the  greatest  distance  or  angle  of  the  secondary  coil,  which 
lit  just  give  a  contraction  (single  break  shocks).  Care  must  be 
cei  thai  th<-  electrodes  make  good  and  equal  contact. 
To  compare  the  effect  of  a  drug  on  muscle  and  nerve,  two 
uwrle  nerve  preparations  (page  797)  are  made  from  the  same  animal. 

microscopic  slide  is  placed  in  an  evaporating  dish,  so  as  to  form  a 
nch.  and  the  bottom  of  the  dish  is  filled  with  the  solution  (which 
ould  not  touch  the  slide).     The  two  preparations  are  now  arranj^ed 

that  the  nerve  "f  nne  and  the  muscle  nf  the  olher  are  in  llie  solu- 
m.  whilst  the  muscle  of  the  first  and  the  nerve  of  the  second  lie  on 
e  bench,  i    i\.  outside  ^f  the  solution. 

TTic  technic  of  electro*physiology  is  given  in  Stewart's  Manual. 
Ciliary  Movement. —  A  pithed  frog  is  pinned  on  a  board,  abdomen 
»ward.  The  lower  jaw  is  cut  r>ff  and  the  esophagus  is  opened.  The 
tc  of  motion  is  measured  by  observing  the  time  which  a  very  small 
;  of  cork  requires  to  travel  between  two  pin-pricks.  The  mucosa 
ilM  be  kept  moist  by  saline  solminn.  The  cilioscrihr  (Dixon  and 
ichJey.  1905)  allows  more  accurate  study. 
To  expose   the  heart,  the   frog  is  pithed,  brain  only,     An   incision 

then  made  in  the  median  line  ihrough  the  abdomen  and  the  upper 
rt  of  the  IxKly.  The  cartilage  between  ihe  arms  is  divided  and  the 
mn  are  pulled  well  apart  and  fixed  to  a  small  board  with  pins  The 
art  can  then  be  seen  beating.  If  it  is  to  be  treated  with  reagents,  the 
ricardium  shnnld  be  iipened.  Tlie  frog's  heart  will  be  seen  to  Cfin- 
(I  of  two  auricles  and  a  single  ventricle.  Trom  the  ventricle  arises 
.Mnall.  whitish  bulbus  aorise.  and  from  this  the  two  aortas.  If  the 
art  is  turned  up.  it  will  be  seen  that  the  auricles  are  continued  into 
c  sinu':  venosus.  .\  while  line  mark-*  the  junction  of  the  two.  The 
mulalion   of  this   line   stimulates  the   vagus   ganglia.     If  the  heart    is 

be  handled  considerably,  it  will  be  convenient  to  place  a  silk  liga- 
re  around  the  frenum,  the  delicate  fibrous  hand  attaching  the  lower 
rface  of  the  heart  to  the  pericarditmi  Tliis  can  then  be  divided 
d  the  heart  turned  by  the  ligature.  If  drusEs  are  to  l)e  applied,  this 
conveniently  done  with  a  pipette  or  a  camel's  hair  pencil. 
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The  vagus  trunk  comes  to  the  surface  ai  about  the  angle  oi  iJie 
jaw.  in  company  with  the  glossopharyngeal  and  hypoglafrsal  ncnts 
lying  between  the  two.  By  exposing  this  area  tlic  vagus  cin  easily 
be  seen  passing  to  the  heart  (Fig.  99).  It  may  be  dissected  out  w^ 
placed  on  a  ligature  for  stimulation,  but  frequently  it  suDiccs  to  itioui' 
late  it  in  sttu. 

For  the  dts-Hcction  of  the  accctt-rator  «»*r;r,  sec  Stewart's  Manual 
Cardiac  Tracings. —  As  a  general  rule,  more  c^in  be  leamrd  bj 
direct  nibpection  of  ihe  heart,  than  by  tracings.  These  may  be  ok" 
either  by  (.o)  resting  a  light  lever  directly  on  the  heart;  or  (fc)  bj  »i- 
laching  a  small  piece  of  cork  to  the  muscle-lever,  in  place  of  the  *«iglit. 
and  resting  this  weight  on  the  heart;  or  ie),  bv  the  siispeniwr 
uicthod.  passing  a  fine  thread  around  or  through  the  apex,  aih)  <«>■ 
necting  with  a  mtiscle-lever  (Heinx,  I,  p.  Sao);  or  id)  by  connccim* 
one    of   ihe    aorta:    with    a    small    mercury    manometer    (!«er    "  Blow!- 

fircssure").     When    levers   arc    used    with    the    heart,    ihey   should  b« 
ight  and  well   balanced. 


Pig.   90. —  Diucction    of    vagu»,    frog:    v.   Vaitua    nerve;    h,   hypoglMul  n«^=  * 
gloaso-iiharyngeal  nerve;  b,  br«chial  pkxu*;  /.  jtw. 


Perfusion  of  the  Frog's  Heart. —  The  most  convenient  iiieth.>i  cr^' 
sists    in    placing   canmiU-e    (sec    Index  >    into    the   ascendmg   ^em  ci»> 
and  in  one  of  the  aortsp,  both  poinimg  toward  the  heart,  and  bi;itin| 
the   other    vessels.     'Pie    vein   c.innula   is   connected   by   nil'V^  fo^nj 
with  a  small  funnel  or  a  bulb,  shioed  as  in  Fi(i.  loi.     A- 
l»e   rigorously  excluded.     The  anrtic  cannula   w  alisn  cc'- 
tube.  thront?li  which   the  fluid  can   return  to  ll      - 
is   filled    with    the  perftt-ing    fluid  —  Ringer's 
the  addition  of  10  to  25%  of  defihrinaied  herl.n.M.i,,.  , 
ing  the  reservoir,  the  dinsiolic  oressure  can  l>e  varied 

20  cm.  gives  the  best  results.     The  resistance  to  the  h', 

ricd  hy  raising  or  partially  clamping  the  anrtic  ttthe. 

The  observations  arc  made  by  counnng  the  number  of  beali  •"^^ 
outflow  per  minute.  Tracings  may  Iw  taken  by  arv  of  the  t»rtW> 
The  heart  may  he  left  in  the  lx>dy.'  or  excised 

If  drugs  are  to  be  perfused,  it  h   well  to  connect  the  rrin 
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with  two  reservoirs  by  a  small  Y  tube,  the  tubes  being  furnished  with 
Mohr's  clamps.  Both  reservoirs  must  be  at  the  same  level.  Much 
weaker  solutions  of  drujfs  are  employed  in  llie  perfusion  than  those 
which  arc  dropped  on  the  surface  of  the  heart. 

If  it  is  desired  to  keep  ihc  diastolic  pressure  perfectly  constant, 
the  bulbs  (or  "  aspirator "  bottles)  are  provided  with  a  Mariotte 
stopper — a  perforated  stopper  with  a  glass  tube  passmg  to  near  the 
bottom  of  the  lube.  The  pressure  is  taken  from  the  lower  end  of  this 
tube,  no  matter  what  the  level  of  the  liquid. 

For  a  description  of  the  more  complicated  Williams*  Apparatus, 
«ee   Index. 

Experiments  on  Turtles*  Hearts.  —  These  are  in  some  respects 
superior  to  those  on  thf  fruff,  the  structures  being  larger  and  more 
resistant.  The  technic  is  the  same  The  brain  is  pithed,  and  the  heart 
exposed  by  sawing  off  the  plastron.  The  animal  can  be  supported  on 
ii^  back  in  a  ring  formed  with  a  towel.  The  vagus  accompanies  the 
carotid   artery. 

Strips  of  the  ventricle  may  be  cut  by  opening  the  pericardium, 
grasping  ihe  left  anyle  of  tht  base  of  ilie  ventricle  with  forceps,  and 
cutting  around  the  apex  to  the  opposite  side.  This  piece  may  be  cut 
into  2  or  three  strips,  and  attached  to  the  muscle  lever,  precisely  like  a 
gastrocnemius  preparation,  kfcping  it  immersed  in  Ringer's  Kluid 
(  Greem- ) . 

Heart  of  Chick  Embryos.— Eggs  are  incubated  for  24  to  36  hours, 
carefully  opened,  tlie  coiuenls  floated  into  a  dish,  and  the  mem- 
branes cut  away.  The  heart-beat  may  be  observed  in  a  watchslass, 
under  the  microscope,  and  drng:^  applied,  etc.  The  heart  at  this  time 
does   not  contain  nerves.     (  Pickering.    1893.) 

Perfusion  of  the  Vessels  of  the  Frog. —  Tlic  heart  of  the  pithed 
frog  is  exposed.  One  aorta  is  lied  and  a  cannula  is  tied  in  the  other 
aorta,  pointing  peripherally.  This  is  connected  with  perfusion  reser- 
voirs with  Ringer's  Fluid.  The  vinus  venosus  is  cut.  The  frog  is 
suspended  over  a  graduate,  hy  which  the  outflow  is  measured. 

Movements  of  the  Stomach.— Sec  Practical  Physiology,  Bcddard, 
etc. 


^^^ 


III.  EXPERIMENTS  ON  MAN. 


Tumerous  actions  of  drugs  can  be  demonstrated  on  the  .student  or 
on  patients  without  special  apparatus  —  the  effects  on  respiration, 
pulse,  pupil,  diuresis,  taste,  local  and  general  anesthesia,  psychic  effects, 
etc. 

These  observations  arc  the  more  valuable  if  they  are  taken  in  con- 
nection with  the  ward-work,  and  supplemented  by  the  use  nf  the  clin- 
ical instruments  of  observation:  thermometer,  sphygmomanometer, 
sphygmograph,  etc.  Experiments  with  the  plethysmoffraph.  cardiograph, 
esthesiometer.  etc.  come  under  the  sauu-  heading.  The  technic  is  de- 
scribed in  Stewart's  Manual.  F.rgopraphic  experiments  are  also  useful. 
The  Harvard  spring  erRograph  sulTices  for  demonstrating  the  effects 
of  drugs. 

IV.  EXPERIMENTS  ON  MAMMALS. 

Anesthesia. —  Operations  art'  to  he  mttttt-  oft/v  ufttter  complete  surgi' 
^al  itnest/iesiit. —  The  method  of  anesthesia  depends  to  some  extent  on 
the  animal. 

l^o^^.—Morphin- Ether  Anesthesia. —  0.02  Cim.  of  Morphin  per  Kg. 
(hydrochlorid  or  sulphate,  0.5  c.  c.  per  Kg.  of  6^%  solution)  is  injected 
hypodermically  (before  the  laboratory'  lime)  and  followed  in  half   an 
hour  or  an  hour  by  the  inhalation  of  ether  (see  Exercise  58). 
I— 51 
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yolatilf  anesthetics  may  be  given  lo  animals  on  cotton  wivcrnl  wUh 
a  towel,  taking  care  to  cover  the  whole  mouth  of  the  animal.  When 
Inng-cnntinited  anesthesia  is  required  and  the  trachea  is  to  be  otKncd 
in  the  experiment,  the  anesthetic  is  continued  through  the  iracbcil 
cannula.  An  arrangement  as  in  Fig.  too  is  very  useful  for  thii  p«i- 
pose.  It  consists  ot  a  WouU's  bottle  containing  the  anesthetic.  Th? 
iraclieal  cannula  is  connected  with  one  mouth  of  the  Untie  ami  pf^ 
vented  from  falling  in  by  a  screw-cock.  Tlie  other  motith  l>fafi  a»- 
olhcr  tube,  which  can  be  narrowed  by  another  screw-cock.  By 
adju«'ling  these  cocks  the  amount  of  anesthetics  can  be  mcreawd  "^ 
diminished.  In  the  illustration  is  shown  llie  manner  of  coimcclinf 
this  with  Marey's  tambonr  for  taking  respiratory  tmdn]^  TV 
cocks  may  generally  be  dispensed  with. 

Chloroform,  or  an   .'/.   c.    B.    mixiurc    (of   equal   part*  of  .\!o^oL 
Chloroform,  and    Ether)    may  be   substituted    for  the  ether;  bnt  ihey 
lower  the  blood-pressure  and  are  more  dangcroui. 
Ethyl  Chlorid  is  useful  for  very  short  operations.     It  may  bt  given 

without  morphin.  ^f 
,^_  sprayii»B  it  on  ^ymt  cot- 
ton pUccd  in  the  UrtToffl 
of  a  tumbler,  whifh  w 
(hen  inverted  mti  tV 
mouth  an'  '  «'* 

a    towel.  "1» 

arc  secure.,  i-..  ».--x  ■* 
in  g:is-form  ihrougft  I 
special  mask. 

AnfJ thrjut.— Th\^  t>* 
the  advantage  that  il  fc- 

FiK.     ,ao.-Wouir.    tK,ulc    for    giving    an«thctic    ''"*"!,"''    •-'t»'^"»'^"V^^' 
(also   arranged    for    respiratory   cracing).  animal      r<  : 

plctcly  ' 

several   hours.     It  cannr-t   be   used   if  the   animal   is   i.  => 

the    operation.     The    morphin    is    injected,    as    above.  j 

hours,  0.3  Cm.  per  Kg.  of  chloretonc.  dissolved  in  a  $:ii        .  ^ 

alcohol,  is   injected  through  a  stomach-tube. 

Qrehant  Anesthesia  (igos).— This  possesses  all  the  gd^antMff* 
of  the  chlorelone  method,  but  is  more  safe.  ( It  ha*  XK*t  been  tf»J 
sufficiently  in  survival  cxpcritnents.  but  can  probably  he  used)  TV 
animal  is  given  a  hyp*idermic  injection  of  oni  gm  per  Kg  oi  matpta* 
f.l4  c.c.  per  Kg.  of  ^Z  ).  followed  in  h;i!f  an  hour  bv  to  c.c.  per  Kt 
of  the  mixture,  diluted  with  water  to  make  a  total  of  iOO  c  c-  idns** 
istered  by  the  stumach  tube.  The  anesihcMa  is  complete  m  5  tt»  J? 
minutes  and  lasts  for  8  to  14  hours.  The  mixture  cnmirt?  «* 
chloroform.  50  c.c;  alcohol  and  water,  each  500  c.c. 

Cats.— £r/i^r  A nrsthrsia.^  The  animal  is  placed  in  a  tifbt  hw  <» 
bcll-jar.  into  which  are  dropped  sponges  saturated  with  «hef,  tatdivt 
required  degree  of  anesthesia  is  procured. 

Morph'm-Chtorctoiu^  Anesthesia  (Edmtmds  and  Cushnv).— The  «>»' 
mal  is  placed  in  a  box,  .V"^  cm.  long.  ig  cm.  wide,  and*  iS  rm  ^rf9^ 
Tlie  box   is   furni-^hed   with  a   .Oidltig   lid      .\   V   shap.  ** 

in  the  end  of  the  lid  Mnd  in  the  corre-^ponding  end  of  1 
the  animal  may  be  securely  clamped  in  thi*  opening,  alt- 
to  protrude.     Tlie   lid  is  fixed   wiih   a  uail      40  to  60  in 
are  injected  with  a  hypodermic  syringe  mlo  the  skin  of  \\.:  ' 

is  followed  by  0.3  Gm.  per  Kg.  of  chtoretone  difsolvcd  in  fticoh^l**"' 
ministered  by  .1  ^tomach-t!d>c. 
Rabbits. —  One  of  the  following  anesthetics  may  be  gjven  hj  /i*"*** 
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'    tube:     Urethane,  t  Gni.  per  Kg.,  dissolved  in  water ;  Paraldehyd,  i  Ghl 
per  Kg.,  undiluted ;  Chloral,  o.b  Gm.  per  Kg.,  in  water. 

An  easier  and  better  method  consists  in  injecting  the  drugs  into  the 
rectum  by  a  catheter,  clamping  the  anus  with  a  bull-dog  lorceps  after 
the  injection  is  finished.  The  doses  by  this  method  arc:  Vrfthane, 
0.7s  Gm.  per  Kg.,  in  water;  Paraldehyd,  i  Gm.  per  Kg.,  luulilulcd; 
Ckloral,  a3  Gm.  per  Kg.,  in   water. 

Jiforffhin    {50  mg).  Iij-podermically,  also  secures  a  good   anesthesia. 

About  fifteen  to  twenty  minutes  arc  allowed  for  the  development  of 
the  narcosis.  If  this  is  incomplete,  it  may  be  suffphntnUcd  hy  the  in- 
halation of  ether.  Chloroform  is  rather  too  dangerous  for  these  ani- 
mals. 

The  Administration  of  Anesthetics. —  The  anesthetizer  should  be- 
stow as  mtich  aiteniion  on  the  animal  as  if  it  were  a  patient.  It  should 
be  kept  warm  by  covering  with  a  towel  or  cotton.  Complete  mus- 
ctilar  rela.xation  is  the  best  index  of  sufficient  anesthesia.  The  con- 
junctival reflex  may  remain.  The  attention  should  be  fixed  mainly  on 
the  respiration.  If  this  stops,  artificial  respiration  should  be  started 
without  delay.  If  unsuccessful,  other  methods  should  be  tried  (sec 
Exercise  58).  With  morphinized  animals,  very  little  of  the  anesthetic 
suffices,  after  the  operating  is  completed.  The  anesthetic  should  be 
I    completely  withdrawn  whenever  an  injection  is  made. 

The   anesthesia  may'I>e  kept  appro.Yimatcly  equal   by  dropping  it   at 
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a  nniform  rate;   hut  if  this  point  u  essential,  it  i»  better  lo  employ 
the   Grchant  method- 
Holding  the  Animals. —  In  adminiitering  drugs'  without  ane«(he«ta, 
thr  animal  shr>iiU|  be  held  securely  hctwcrn  the  knees  of  an  a«M%tant 

Animal  Boards. —  For  convenience  in  operating,  the  anesthetized 
animals  should  be  tied  to  a  board.  A  number  of  ccmiphcated  b"Ider» 
art  tu  use,  but  the  one  illustrated  in  Fig.  101  i»  cheap  and  answers 
stmnM   e\*er3r  purpose. 

A  number  of  sizes  should  be  on  hand  for  different  sized  anmuU 
(1X4  feet  for  dogs;  8X30  inched  for  rabbin).  The  <-ro«»pieee  is 
made  of  wire.  '/•■  inch  in  diameter.  It  i%  pushed  back  of  the  canine 
teeth.  A  2-foot  piece  of  stout  twine*  i*  passed  under  the  neck,  behind 
the  ears,  the  ends  are  brought  forward,  wound  tififhily  around  the 
wire,  and  tied  about  the  mni:th  Thi*  hold*  ihi*  brad  vrry  *ecurely. 
fn  operating  on  the  neck  the  front  leg*  should  be  tied  toward  the  ab- 
domen:  in  nnerr^tinff  nv  the  chest.  tHpv  n** 

The  Administration  of  Drags, — 
stout,  -ioft  pun  cathrter  (No.  10,  Eri; 
ing  bulb.'  (Fig.  los). 


rrd  tr>wafd  l>w  head 
(J    drug    hy    itfymoch.   t 
I    i«  attached  to  a  feed- 


*  Indii  heap  No.  3  for  dos«;  iliuwiliw  Hax  Xo.  24  Cor  rs^fcMu. 

*  TiMsc  *r«  twic  00  tte  M»rfc«t  and  hsvt  to  W  nwAr  ia  or4«r. 
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The  month  of  the  animal  is  held  open  with  a  imtchcil  '^:icJi,  the  liriil 
of  the  animal  is  bent  furward,  and  the  moistened  catheter  is  pi5«'l 
well  back,  when  no  difficulty  wSl  be  found  in  making  it  cnifi 
esophagus.  Care  must  be  taken  not  to  push  it  into  the  trachea, 
it  is  well  to  note  that  the  animal  dues  not  breathe  througli  ihc  cath 
The  accident  may  also  be  discovered  by  the  fact  that  the  catheter  can 
not  be  pushed  as  far  and  that  the  fluid  flows  in  with  much  greater 
difficulty.  The  solution  is  then  poured  into  the  bulb.  If  it  dot*  vA 
flow  readily,  it  can  lie  quickened  by  blowing. 

Measuring  Solutions. —  Small  rjuantities  should  be  mcasurrd  wil*) 
a  pipette.  The  syringe,  etc..  should  l>e  rinsed  with  a  little  water  and 
this,  siiould  also  be  injected,  to  insure  that  the  animal  receives  the 
full  calculated  quantity. 

The  lid  ministration  fer  rectum  is  done  with  the  same  form  of  i| 
rains  as  is  used  in  ihe  stomach.     The  catheter  should  l»e  intr-Klitf 
high  a<  pt^'-^ihlc-     The  anus  is  then  closed  with  bulldog  forceps. 

Hypodermic  Injections  are  generally  made  tmder  the  looK  ^m  » 


Fig.    toy. —  Feedini  Bulb   (made  of  «  capacity  of  100  c.  c)* 

the  flank  — the  animal  being  held  securely.  Tlie  volume  ^  J^ 
should  be  kept  below  I  c.  e.  for  B"in*^a  P'?s.  and  below  ^  c.  c  fof  «^ 
(see  Calculation  of  Doses  and  DiKiiion.s,  below).  If  il  is  "'**'Sl 
to  inject  larger  quantities,  they  should  be  given  m  fraction*.  di«f^"™ 
over  several  parts  of  the  body.  The  injection  of  irritant  subitawn 
should  be  avoided.  .  , 

An   ordinary    (i    c.  c.)    hypodermic  syringe  and    strong  "anlii"^ 
needle  answers   for  the  smaller  quantities;  a   5  c  c.   antitoxin  synnj* 
w^ith  an  "aspirator"  needle  is  used  for  dogs. 

Intramuscular  injections  are  generally  made  into  the  gl«te»l  ow»- 
cles.  hitropcritnueat  and  intrapleural  injections  are  madr  by  tJini»tmf 
in  the  small  needle,  perpendicular  to  the  surface  of  ihe  Ixxlv 

For  jntraveaons  injections,  a  cannula  is  tied  into  a  vctn,  p*"*2 
toward  the  heart,  and  this  is  connected  with  a  burette  contJ«ii*  ** 
solution.  The  rublx-r  connection  should  he  short,  to  a\-'''"*  ■''•^'l  *i*^ 
It  is  closed  by  a  Mohr's  clamp.     If  the  injection  is  to  l"  'j 

\  screw-clamp  must  lie  placed  on   the  rubber  tuhe.     Thr   .  ' 

must  be  used  to  avoid  the  entrance  of  air  bubbles  into  the  vMfi    ^ 
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connecting,  the  rubber  tube  should  be  completely  BUed  with  the 
scihition,  and  the  cannula  should  aUo  he  fdled  (with  a  pipette).  If 
the  volume  oi  the  injected  fluid  is  small,  it  may  be  introduced  at  air 
temperature:  if  it  exceeds  10  c.  c,  it  should  be  brought  to  body  tem- 
perature. (Greene  advises  to  surround  the  burette  with  the  jacket  o£ 
a  Liebie's  condenser,  through  which  water  of  the  desired  temperature 
is  circulated.) 

If  a  number  of  small  injections  of  different  drugs  arc  to  be  made  in 
quick  succession,  it  may  be  more  convenient  to  clamp  the  rubber  tube 
a  half  inch  above  the  cannula,  and  to  make  the  injection  with  a  hypo- 
dermic syringe,  thrusting  the  needle  obliquely  through  the  rubber  into 
the  cannula. 

Tlie  injections  may  be  made  either  into  the  femoral  or  jugular  vein. 
The  former  is  preferred,  as  the  jugular  injection  introduced  complica- 
tions hy  bringing  the  drug  directly  into  the  heart  in  too  concentrated 
a  fomi.  It  may  be  necc^-sary  in  small  animals,  in  which  h  is  difficult 
to  introduce  a  cannula  into  the  femoral  vein. 

In  unanesthetized  rabbits,  intravenous  injections  may  he  made  by 
thrusting  the  needle  of  the  hypodermic  syringe  into  one  of  the  ear- 
veins,  which  has  been  previously  distended  by  pressure. 

Injections  into  arteries  retjuire  some  pressure.  This  may  he  ob- 
tained by  connecting  the  top  of  the  syringe  with  a  pressure  bottle;  or 
mori'  convt'nicnily.  with   the  compres'^ed-oxypen  tank. 

The  Calculation  of  Doses  and  Dilutions.—  Remember  that  one 
c. c.  of  a  1  :  1,000  C/v>%)  solution  contams  i  mg.  of  drug;  of  a  l% 
solution,  10  mg.,  etc. 

Multiply  the  dose  in  milligrams  by  the  weight  of  the  animal  in  kilo- 
grams. This  gives  the  absolute  dose  of  the  drug.  To  find  the  most 
convenient  percentage  of  solution,  divide  the  milligrams  of  absolute 
dose  by  the  number  of  c.  c.  of  solution  which  you  wish  to  use  and 
multiply  the  product  hy  o.i.  This  gives  the  percentage.  For  instance, 
you  wish  to  inject  90  mg,.  in  such  dilution  that  from  i  to  5  c.  c.  will 
be  needed,  i  c.  c.  would  require  a  "'AXo.i^^a  9%  solution:  5  c.  c. 
would  require  ""A  X  o.i  =a  1.8%  solution.  Anything  between  these 
limits  will  answer.  Say  that  a  5%  solution  is  at  hand.  Each  c.  c.  of 
this  would  equal  50  mg.  You  wish  00  mg.,  therefore  ••/w.=  l.8  c.  c. 
With  a  little  practice,  one  soon  cnmes  to  judge  the  proper  dilutions 
without  the  necessity  of  this  calculation. 

Work  out  the  following  problems  and  see  whether  the  answers  are 
correct:  The  dog  weighs  8  Kg.  You  wish  to  inject  5  to  10  c.  c.  of 
each  solution.  The  dose  of  (a)  =0.1  Cm.  X  Kg. :  (?'')=5  ma.  X 
Kg  :  (c)  =0.006  mg.  X  Kg.  What  percentage  and  how  much  of  each 
solittion  should  he  u<ipd?  Answers:  (a^  8  c.  c,  of  10%  or  i  :  to;  (b) 
8  c  c.  nf  05%  or  I  :  aoo:  (c)  4.8  c.  c.  of  0.001 '^.  or  i  :  100,000. 

Cannulae. —  A  plentiful  assortment  of  different  sizes  and  forms 
shotdd  be  on  hand.  They  are  best  made  from  glass-tttbing.  The 
edges  should  not  be  sharp;  they  may  be  roimded  in  the  flame,  or  on  a 

flTessel  CannuUe. —  Fig.  103,  a  to  d.  shows  the  shape  and  the  most 
useful  sizes,  a  is  for  use  in  the  frog's  heart:  b  for  rabbit's  carotid  or 
dog's  femoral  artery;  c  for  doe's  carotid  artery  or  femoral  vein:  d  for 
(iog'<  external  jugular.  A  still  smaller  «tre  is  needed  for  glandular 
ducts. 

These  cnnrndae  are  made  by  beating  the  proper  size  of  tubing  in  a 
laree  blnw-pipe    fiame.   and   drawing   it   out   in   the   form   of  Fig.    104. 
lis  is  allowed  to  cool,  and  cut  at  a.    The  pieces  are  then  heated  with 
rer>'   small   nointed   fiame   at   t,   so  as  to   make  the   shoulder.     The 
are  cut  off  as  obliquely  as  possible,  by  scratching  with  a  iriangtdar 
ground  to  the  proper  form  on  a  grindstone,  and  rounded  in  the 
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flame.    A  good  cannula  should  have  the  end  sufficiently  larg?  v)  cEiat 
it  will  not  slip  when  lied  into  the  vessels,  but   no  larger. 

(In  heating  glass,  it  should  be  constantly  rotated  in  llic  flamf;  il  » 
well  to  push  it  together  irry  gently  whilst  heating,  It  shouM  aJwiyj 
be  removed  from  the  flame  before  drawing.) 


V 


V  V 


:C3 


Fig.    loj. —  Cannube  for  vcsscli  »nd  trmcliea. 

Trachael  Cannuls. —  These  are  of  the  form  shown  in  Fig.  loj  < 
One  end  is  best  made  somewhat  smaller  than  the  other,  so  thai  IW 

same    cannula    may    serve    for    somewhat    different    »ii?cs    of  iraclae. 

Tubing  5  and  8  (Fig.   105)  is  most  useful  for  rabbits;  g,  10,  wJ  '^ 

for  dogs* 


Fig.    104. —  Tube  drawn   for  cannula  or  |>i[>ettc^ 

Aortic  and  Bladder  Cannula.—  This  is  made  of  the  form  an<l  *'» 
of  Fig.  106  Tlie  rinps  arc  made  by  heating  a  narrow  jone  of  the  tube "" 
small  flame,  and  pushmg  the  glass  together  When  used  on  the  Iib(M''f 
(his  cannula  is  tied  in  the  neck.    Another  bladder  cannula,  used  e»prc^'! 

OOOOOO 

Fig.    105. —  Sizn  of  glass  tubing. 

in  rabbits,  consists  of  a  short  thistle  tube  (Fig.  107 >.  The  Waddf  '* 
cut  open  and  tied  as  a  drum-membrane  over  the  m^uth  of  tbf  ct^ 
nu1;e,  the  ureters  being  left  free  and  opening  into  t'"-  '-ii""ii 

Ureter  cannuls   are   given   the   form   shown    i;i  "^^'ViH 

the  prnpof  ^i?^  for  Hnc[5.     A  smaller  tube  is  requirt  l<it>    Tre 
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narrow  tubing  is  obtained  by  using  the  portion  between  the  arrows  in 
Fig.   104,  making  this  somewhat  longer. 

Insertion  of  Cannuls  into  Vessels. —  'I*lic  vessel  is  exposed  and 
cleared  of  all  fascia  for  the  space  of  an  inch,  if  possible.  A  bulldog  for- 
ceps'  (  Fig.  log)  is  then  applied  to  the  end  of  the  vessel  toward  which 
the  cannnla  will  point.  A  ligature  is  passed  by  forceps  or  aneurism  needle 
around  the  vessel  near  the  clamp,  and  tied  into  a  loose  slip-knot. 
The  vessel  is  ihen  allowed  to  fill  with  lilood,  and  another  ligature  lied 
securely  as  far  away  from  the  clamp  as  possible.  The  vessel  is  now 
lifted  by  the  end  of  the  second  ligature,  and  laid  on  (he  left  index 
fiiigcr     An    incision    is   made   with    small,   curved   scissors,    near   ihe 
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Aortic  and  bladder  cannula.     Natural  tixe. 


tal  ligature,  about  two-thirds  through  '.he  vessel,  the  moistened 
point  of  the  cannula  is  pushed  in,  and  the  loose  ligature  is  tied  securely 
around  the  neck.  The  ends  of  the  ligatures  are  now  cut  ofT.  The 
largest  cannula  should  be  chosen  which  will  fit  the  vessel  without 
force.  The  cannula  is  turned  within  the  vessel  so  that  kinking  will 
not  close  the  opening  of  the  cannula. 

The  whole  procedure  is  quite  easy  when  the  vessels  are  strong.  Deli- 
cate vessels  should  l)e  well  distended,  and  all  twisting  must  Iw  avoided. 
It  may  be  necessary  to  hold  the  vessel  open  with  very  fine-poinlcd 
forceps      The  manipulation^  must  he  made  very  delicately. 

Ligatures.— It  is  a  mistake  to  use  ligatures  which  are  ttxt  thick. 
Tlie  following  are  useful  sizes:  No.  50  linen  thread  or  bnttonlioK.. 
twist  silk  for  vessels;  cotton  wrapping  twine  for 
trachea,  bladder,  etc.  They  should  be  cut  to  a  length 
of  about  six  inches.  (This  may  be  done  in  mass  by 
winding  the  string  around  the  palm  of  the  hand.) 

A  ligature  should  be  tied  as  securely  as  its  strength 
will  allow.  A  little  practice  will  shmv  its  limitations 
More  force  can  be  exerted  if  the  pull  is  made  very 
near  to  the  knot,  A  plain  double  knot  is  best  for 
vessels:  the  bulky  surgeon's  knot  should  he  con- 
rd  to  larger  structures,  such  as  the  trachea  or  aorta. 
Ireter  cannula  are  introdv;ced  in  the  same  man- 
ner as  described  for  the  vessels;  except  that  the  nrcler 
need   not  he  clamped 

The  ^ame  general  meth-^'d  is  also  used  for  inserting 
the  tracheal  cannula.    This  is  exposed,  cleaned,  two 
lig^atures  arc  placed  an  inch  or  two  apart,  and  three  or 
four  ritigs  of  cartilage  arc  divided  with  the  knife,  by  a  straight  or  V 
sh'*nrd  incision. 

Operative  Dissections.— The  hair  of  the  animal  should  be  well 
rlipped  over  the  fifld  of  oneration.  Scissors  (6-inch),  curved  on  the 
flat,  are  efficient  The  smaller  mt  hairs  are  removed  by  a  wet  sponge. 
The  wound  shnuld  be  kept  as  free  from  blood  as  possible.  This  fre- 
ouently  determines  the  success  or  failure  of  a  delicate  operation.  In- 
cisions should  be  made,  if  possible,  in  the  median  line:  the  muscles 
and   fascia  shotdd   be   separated  by  blunt  dissection.     Bleeding  vessels 

*  When  htijrtnK  thc*«  clampx  one   should   take  care  that   the  jaws  touch  Along 
entire  «urfacc. 


Fig.    107- — ^B  I  «d 
dcr    cannula. 
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"are  secured  by  hemostats.  and  lied.  Blood  is  removed  by  sponginii 
with  ^mall  piccc!i  of  absorbent  cotton.  Packing  with  cotton  (or  with 
Pengawahr  Djambi)  will  stop  capillary  or  venous  oozing.  Practically 
no  blood  should  be  lost  in  operating  on  the  neck,  groin,  or  alxJomfn. 
The  wo'.imi  may  he  spread  by  tcnaculi,  etc.,  or  by  weights  attached 
with   a  cord   to  hooks. 

Operations  on  the  Neck. —  The  forelegs  are  tied  toward  the  tail. 
The  structures  are  mo5t  conveniently  reached  by  a  median  incision, 
from  the  lower  end  of  the  larjnx  to  near  the  sternum.  The  tissues 
should  be  divided  by  layers,  keeping  to  the  median  line,  until  the 
trachea  is  reached.  This  may  be  lifted  with  the  6ngers  and  cleaned 
with  the  forceps.     Tracheotomy  is  the  first  step  in  most  phamiacologic 


U 
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Fig.   108. —  Ureter  cannula.     Xatural  fite. 


experiments,  as  it  faciHtaies  anesthesia  and  artificial  respirition. 
feeling  outward  from  the  tracliea,  at  the  bottom  of  the  wound,  the 
carotid  artery  may  he  felt  pnl^ting.  It  is  lifted  to  the  surface  with 
the  fingers,  or  by  turning  the  edge  of  the  wound  outward.  The  vagal 
nerve  in. the  dog  lies  in  the  same  sheath  as  the  arter>',  and  mii*t  be 
carefully  and  grntly  separated  from  it.  It  should  never  he  included 
in  the  arterial  ligature.  In  the  dog.  the  vagus  trunk  includes  the 
sympathetic  and  depressor  fibers.  These  run  separately  in  the  rob- 
hit,  but  all  in  the  immediate  neighhorhood  of  the  artery;  iliey  may  be 
recognized  by  their  size,  the  vagus  l>cing  the  largest,  the  depressor 
the  'iniallest.     (Illustration   in  Heinz,   I.  p.  7ja) 

Stimulation  and  Division  of  Nerves. —  Nerves  must  always  be 
manipulated  genii)'.  It  it  is  desired  to  stimulate  or  divide  the  vagus, 
or  any  other  nerve,  later  in  the  cxperimpnl,  a  ligature  may  be 
passed  under  it  and  the  ends  knotted.  The  nerve  can  thus  be  eaidy 
found  and  lifted  from  the  wound.     In  other  case.s,  it  may  be  desirable 

to  divide  the  ner\e,  securing  each  end 
with  a  ligature.  Nerves  should  alwajrs 
be  protected  from  drying,  leavini^  them 
in  the  wound,  ii  possible.  In  electric 
stimulation,  good  contact  of  the  elec- 
trodes should  be  scoured.  Stimulation 
of  adjacent  structures  may  he  prevented 
by  slipping  a  strip  of  rubber-dam  under 
the  electrodes,  or  by  the  use  of  "  jhicW- 
ed  "  electrodes. 

For  the  dissection  of  the  Accelerator  Nerves,  see  Practical  Phytiol- 
ogy,  Beddard,  etc.;  or  Heinz,  I,  p.  726.  A  preliminary  dissection  is 
indispensable. 

The  external  Jugular  vein  is  exposed  by  blunt  dissection  betwem 
the  skin  and  muscle.  It  nffprs  no  difficulty.  It  may  aUo  be  reacbrd 
directly  In-  a  skin  incision  made  about  the  middle  of  the  neck,  in  « 
line  drawn  from  the  anple  of  the  jaw  to  the  manubrium. 

The  thoracic  duct  mav  also  be  isolated  in  the  base  of  the  neck.  It 
Terminates  in  the  left  suWiavian  vein.  A  practice-dissection  it  necc^ 
sarv. 


Fig.    109. —  Bull   dog   clamps. 
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\nz  the  Thorax. —  The  animal  is  deeply  morphinizcd.  The 
forelegs  are  tied  toward  the  tail.  The  trachea  is  connected  tor  arti- 
ficial respiration.  A  horseshoe  shaped  ii^cision  i^  made,  through  the 
skin  and  muscles,  from  the  lower  ribs  on  each  side,  to  and  across  the 
manubrium  <'f  llic  sternum.  The  incisitui  may  follow  the  junction  of 
the  cartilaRc  and  bone  of  the  rihs.  The  skin  is  not  stripped  nff.  Arti- 
ficial respiration  is  started.  The  cartilages  arc  now  quickly  divided 
and  the  sternum  cut.  The  plastron  is  uirned  down  and  ihe  bleeding 
mammary  arteries  are  secured  with  hcmostats.  The  hemorrhaRe  from 
the  intercostal  arteritrs  is  insignificant,  hut  may  be  checked  ny  liga- 
tures. The  everted  plastron  may  be  sewn  to  the  abdomen.  There  is 
usually  a  very  severe  fall  of  blood-pressure.  Anesthesia  can  be  kept 
up  by  blowing  the  air  through  a  Woulf's  bottle  containing  ethcr»  or 
by  Grehani's  method.  A  targe  sponge  soaked  in  wann  water  should 
be  kept  over  the  opening,  between  observations. 


Abdomen 


Fi|t.    iio. —  niaKram  "f  Hi««ipctinn  of 
fcmorat  ves*cls,  doR.     (  Drown  J 


Exposing  the  Femoral  Vessels. —  These  may  be  felt  pulsating  just 
below  Pouparts  ligament,  on  the  outer  edge  of  the  stiff  adductor  longus 
muscle.  The  artery  lies  partly  behind  and  e,xtcrnal  to  the  vein  (Fig. 
110).  The  cannul.T  should  be  introduced  as  high  as  possible,  .^s  the 
vessels  give  off  branches  in  this  region,  the  dissection  must  he  made 
carefully. 

The  Sciatic  Nerve.— To  expose  this,  the  hind  leg  is  held  up.  and  an 
incision  is  made  ibrough  the  skin  in  the  median  ridge  of  ilic  po«;terior 
surface  of  the  thigh.  The  muscles  are  separ*ited  with  Ihe  finjrcrs, 
keeping  a  little  outward  from  the  middle  line.  The  nerve  is  felt  at 
the  bottom  of  the  wnnnd  as  a  hard  cnrd.  The  animal  should  he  in 
deep  anesthesia  when   the  nerve   is  handled. 

Opening  the  Abdomen,— To  avoid  shock,  the  exposure  of  the  ab- 
dominal organs  should  he  limited  as  much  as  possible,  bnih  as  to  area 
and  time.  The  organs  should  be  kept  warm  by  packing  with  cotton, 
and  a  can  filled  with  hot  water  should  be  kept  near  the  animals.  In 
long  operations  on  rabbits,  it  may  be  necessary  to  immerse  the  whole 
animal  in  a  warm  balh  of  0.9%  «ialt  solution. 

^he  abdominal  incision  is  made  by  preference  along  the  linea  alba. 


i 


8lO     EXPERIMENTAL    TECHXIC;    APPARATUS.       CH.    XXXIV. 


toward  the  symphysis  pubis.  This  permits  the  exposure  of  loop?  ol 
ititt'stine,  of  ihc  spleen,  of  the  bladder  and  uterus,  and  of  ihc  urfttrt' 
where  they  end  in  ihe  hlad4cr. 

The  ureters  may  he  st-on  posteriorly  by  lifting  out  the  htadjef. 
(Not  lo  be  confused  with  the  spermatic  cord!) 

(In  male  animals  the  incision  througli  the  skin  is  earned  just  to 
one  side  of  the  penis,  -the  superficial  veins  are  ligated  and  divulcd^ 
and  the  dissection  is  carried  along  the  fascia  untU  the  lines  alba  it 
reached.) 

To  expose  the  kidneys,  from  the  median  incision,  it  i<i  necwwry  t^ 
carrj'  this  to  near  the  sternum  and  to  make  a  second,  transverse  inci 
sion  along  the  lower  border  of  the  ribs.  They  may  also  be  reached 
from  the  back,  by  an  incision  made  about  two  it)che«i  from  the  ^pnx^ 
from  the  lower  border  of  the  rib  obliquely  downward.  If  the  inctsioo 
is  made  to  follow  the  direction  of  the  muscle,  there  need  I*  vcrjf 
little  bk'cding;.  The  spleon  and  intestine  may  be  reached  through  the 
:>ame  incistun. 

The  ftplanchnic  nerves  may  be  stimulated  by  placing  the  clectrod 
spread  fairly  wide  apart,  about  the  hilus  of  the  suprarenal  gland.    This 
tnay   be   reached    by   the   same   incision   as   the   kidney.     To    limit  tbr 
stimulation  strictly  to   the  splanchnics.  or  to  divide  these  ner>e«,  prar- 
licc  dissections  arc  indispensable.     In  (he  rabbit,  the  splanchnic  irunkf 
may  be  found  in  the  thorax,  about  the  tenth  dorsal  vertebra,  on  each 
side  of  the  aorta.     The  left  is  the  more  easily   found  in  the  abdomen. 
It   accompanies   the  aorta  until   it  terminates  in   the  lower   celiac  gan- 
glion, jnst  above  the  left   suprarenal   gland,  on   the   front   of   the  aoni, 
The  right  splanchnic  is  separated   from  the  aorta,  in  the  abdomen,  by 
the   vena   cava.     It   terminates   in   the  superior   celiac   ganglion*  at  thi 
level  of  the  right  suprarenal  gland,  in  front  of  the  vein- 
Destruction   off   Nerves. —  To  complete  the   deslniclion   of  nerves. 
when  these  accompany  vessels,  the  sheath  is  painted  with  concemralfrf 
phenol     ( BayHs':.    19OJ). 

Operations  on  the  Chorda  Tympani  and  Submaxillary  Olasd.— 
Sec   Stewart's.   Maiui.Tl.   or    Practical    Physiology.   Beddard,   etc 

Section  of  the  Spinal  Cord  to  Exclude  the  Vasomotor  Ceater.*- 
llie  deeply  ane^thctized  and  trache<Jlonn'zed  dog  is  laid  on  the  aW'*' 
men.  without  tying.  The  neck  is  rendered  prominent  by  drawittj;  the 
head  over  a  sandbag,  block,  or  brick.  .An  incision  is  made  thrmiyti 
the  skin  and  muscles,  to  the  spine,  from  the  occiput  for  a  divtancc  ftf 
three  or  four  inches.  Artificial  respiration  is  started.  The  d^rd  i' 
divided  between  the  third  and  fourth  cervical  vertebrae.  This  may  (* 
done  without  removing  the  vcr:ebra:.  by  pushing  a  narrow-blaiM  Vn'^f 
between  the  articulations.  It  is  more  certain,  however.  !o  exp^^c  ibc 
cord.  This  should  be  done  as  quickly  as  pos.^ible.  and  the  prf^iB*^ 
liemorrhage  controlled  by  packing  tightly  with  small  pledgets  of  c^ttoft 
The  vasomotor  centers  may  be  excluded  with  absolute  certaint)  bj^ 
<lestroying  the  cord,  passing  a  strong  brass  rod  down  the  spinal  ciwl 

The  extent  of  the  section  or  destruction  must  always  be  controUw 
by  sciatic  stimulation  and  by  subsequent  autopsy. 

If  it  is  desired  to  paralyze  the  vasomotor  center,  the  spine  m»T  W 
opened  from  the  third  cervical  vertebra  upward,  and  packed  *''^'*5 
ton  saturated  with  5%  cocain  solution.  This  may  again  be  rin«d  'w 
after  a  time.  .    . 

The  tecbnic  of  operations  on  the  motor  areas  of  the  bnin  >* 
described  in  Stewart's  Manual.  The  establishment  of  fcrmanfni  ii*^" 
which  is  scarcely  suitable  for  ordinary  students*  work  in  pbarrrwcoI'^T' 
is  also  descrilwd  in  this  work.  Asfptic  Operations  involve  the  «** 
tomary  surgical  technic. 
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To  reduce  an  animal  to  surgical  shock,  it  must  be  completely 
anesthetized.  Tiic  iiiicstints  arc  ilicn  exposed  and  manipulalud  se- 
verely 

It  is  sometimes  necessary  to  render  the  blood  of  an  animal  non- 

coagulable;  for  instance,  in  measuring  llic  uiillluw   frum  veins,  or  for 
practicing  transfusion. 

The  Iwst  method  consists  in  the  intravenous  injection  of  /tvWi  fx- 
traci.  Tor  each  kilo  of  body-weight,  the  heads  of  three  leeches  are 
rubbed  with  sand  and  6  c.  c.  of  0.9%  salt  solution.  This  causes  appa- 
rently no  cltanpe  in  the  circulaiion. 

The  same  object  may  be  accomplished  by  the  Lewaschew-Pick 
method  of  defibrination.  About  ^o  c.  c.  of  blood  per  kilogram  of 
animal  arc  drawn  from  an  artery,  into  a  porcelain  capsule,  dcfiSrinatcd 
by  beating  with  a  glass  rod,  strained,  warmed,  and  reinjected  into  a 
vein.  This  is  repeated  every  half  hour  until  the  lilood  yields  no 
coagulum.  Six  or  seven  defibrinations  arc  needed  for  this  end.  Pep- 
tone is  less  certain,  and  causes  a  considerable  fall  of  blood-pressure. 
0.3  to  0.6  Gm.  of  Witte's  peptone  per  Kilo  are  injected  intravenously 
(as  5%  solution). 

The  methods  of  rendering  the  blood  nnncoagulable  outside  of  the 
body  will  ])e  discussed  under  Blood-pressure. 

Blood-Pressure  Tracings.— The  tecbnic  of  these  should  be  thor- 
oughly mastered,  as  they  constitute  one  of  the  most  frequent  pharma- 
cologic cxpcrimcruts.  They  are  generally  taken  from  the  carotid  ar- 
tery. Dogs  arc  (he  most  suitable  subjects.  The  general  arrangement 
is  shown  in  Fig.  !  1 1 

Apparatus  for  Blood-Pressure  Tracings. —  Mercury  Manometer. 
—  Fig.  112. —  This  consists  of  a  glass  tube,  btiU  as  shown  in  the 
figure.  No.  9  tubing  is  used  for  dogs.  No  7  for  rabbits.  The  straight 
limb  is  about  10  inches  high.  The  tube  is  mounted  on  a  small  bf^ard. 
A  cleat  may  be  screwed  to  the  back  of  ibis  board,  about  its  middle, 
projecting  an  inch  on  one  side.  This  is  clamped  to  the  table.  It 
should  be  leveled  so  that  the  vertical  tube  is  plumb  The  board  also 
bears  a  millimeter  stale,  with  arbitrary  zero  point.  The  manometer 
is  filled  about  one-half  with  mercury  The  bent  limh  is  filled  with 
25%  magnesium  sulphate  solution,  and  connected  with  a  stiff  rubber 
tube  long  enough  to  reach  to  the  carotid  cannula.  Tliis  lube  is  closed 
with  a  pinch-cock  (or  a  lead-tube  and  metal  stnp-cock  may  be  substi- 
tuted, but  with  little  advantage).  The  connecting  tnhc  is  also  filled 
with  magnesium  sohition,  !)y  means  of  a  long-poinled  pipette.  The 
pressure  in  the  manometer  is  now  raised  to  about  the  blood-pressure 
of  the  animal  (say  120  mm.).  This  may  be  accomplished  simply  by 
forcibly  blowing  into  the  rubber  tube,  clamping  near  llie  manometer, 
and  again  filling  the  tube.  or.  the  tube  may  be  connected  by  a  T  piece 
with  a  perfusion  Iwltle  filled  with  a  magnesium  solution  and  raised  to 
the  desired  level. 

For  recording  the  excursions  of  the  manometer,  the  straight  limb 
bears  a  float,  f.  This  consists  of  a  little  cylinder  of  hard  rubber,  of 
the  shape  and  size  shown  in  the  figure.  It  should  fit  snugly  but  rather  loose- 
ly in  the  tube.  It  bear?  a  knitting  needle,  well  centered.  This  again 
passes  through  a  hard  rubber  cap,  c.  At  the  upper  extremity  this  needle 
carries  a  small  flat  piece  of  cork,  to  which  the  writing  style  is  attached. 
This  may  be  of  parchment  paper,  celluloid,  a  needle,  or  a  quill  pen 
The  writing  point  should  be  bent  toward  the  drum.  A  few  drops  of 
engine  oil  should  be  placed  in  the  tube  nf  the  rmmometfr.  The  mer- 
cury must  not  mount  above  the  float.  The  writing  point  is  held 
agamst  the  drum  by  a  guide,  con'^isting  of  a  silk  thread,  suspended 
from  a  wire,  and  loaded  with  a  lo-gram  weicht. 

The  mean*b1ood  pressure  equals  the  difference  between   the  read- 
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ings  taken  at  the  highest  poini  reached  hy  ihc  mercury  in  each  limb  nf 
the  manometer.  It  may  also  be  obtained  from  the  tracing  by  doubhns 
the  distance  between  the  line  of  7cro  pressure  and   the  tracing. 

This  figure  for  the  mean-pressure  is  only  correct  if  the  exnirtiow 
are  small  or  if  the  systolic  and  cjiastolic  variations  are  of  equal  Am- 
lion.    U  they  arc  not.  the  excursions  msy  be  reduced  by  a  screw  cluy 


Fig.  II t.— Arrangement  for  taking  a  lilocMl-prrMure  tracing  ^^***"'''j5 
Manometer;  hg.  mercury;  /,  float  armed  with  wriunx  point;  a.  tbrea.!  "'"'52 
to  a  wire  projecting  from  the  drum  ond  *upportintc  ■  Bmati  i*cn[hi;  the  '^"^ 
keep*  the  writingpoint  in  cv>nt»ct  *iih  the  smoke^i  p'l^r  on  the  fjrnm-  *  • 
Stronx  rubber  tube  connecting  the  manometer  with  the  artery;  c.  a  pmckoJt*  * 
tbe  rubber  tube,  wbich  ii  taken  uff   when  a  iracinK  »  to  lie  obtained. 


on  the  rubber  tube;  or  the  mean-pressure  can  be  calculated  from  tbj 
tracing.  A  series  of  vertical  tines  are  drawn  from  the  abscina  lo  uj' 
tracing,  at  equal  intervals.  The  mean  length  of  these  equals  one-wl' 
the  mean-pressure.  This  calculation  is  scarcely  necessary  in  n*^ 
cases  —  a  little  judgmem  will  enable  one  to  draw  the  line  of  irtf"' 
pressure  approxrmntely  without  their  aid. 
The  excursions  of  the  manometer  with  each  heartbeat  correfp*"™  "^ 
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very  inipcrfcci  picture  of  the  details  ol  ihc  individual  pul«  Mves. 
An  rlasnc  monomrUr  {e.  g„  Hucrthlc'^)  i*  necessary  for  ijicir  jc- 
curate  study.     (Sec  Brodi-..    '"  Js  of   Practical    Phv-  Hit 

mcrcur}    mannmeter   »■.   c-  cful   on   acc'.uni   i-i  ;:i. 

and   for  obtaining  ihe  meii.  ^iv-r  .:t.     Very  gunrd  »"-^  •  H 

hy  talking  snnuluncous  Uacsoc^  <*i^  b>3th  manomi.  ^ 

mcrcnnr  »'rth  tSr  carotid,  and  Haerthlc'%  »Tth  the 

SipMl  ffUfmeU—  Tlsis  ts  n^ivl  lor  naTfang  tbc  tunc  oi  injections, 
s-tnaulations  etc.  The  Harvard  mOJUiDcut  i*  ^Bd^ni.  The  dcaro* 
magnet  i»  cooDccted  witfa  a  battery  f«bic!i  inaj  be  placed  under  ibr 
table).  »ifh  the  tfOcrpositkB  of  a  kcr,  wUdi  is  dowd  wli«iifvrr  i 
nurk  ts  to  be  msik  on  tbc  An^    it  nay  Ic  keint  cl(  ^  iltr 

dvntiaik  of  tbc  inicctian.     Tbc  wtitiHf  pauu   of  the  rv 

ex»ct)r  on  a  lYitkal  Kac  vitb  dK  «ikuH  point  of  the  huim  inrut 

Tbc  stsral  v^  be  ncd  to  mask  iIk  Bae  •(  ■*■■  pi i lire  nn  iht 
tncmC'  ^.  a4iBs&»K  zi  as  tbc  Icvd  of  the  vritiiic  point  ol  the  na- 
tbe  taner  h  u  nt  i  pn-jfi.  (i  r^  witb  tbt  <mryid  linA 

tbc  rubber  tube  nft- 
M  beaker  of  ibf  solflm 
btM  AMt  tbe  h^d  <d  Ae  cjmi<  an»yy  i<  &t  amoBl). 

It  is  oibCB  «seM  «o  dns  a  «ttaq^  hnsonal  boe  fbroi«b  the  tm- 
«(  at  tbe  Icvd  of  Ac  vaemi  soB^sasBvc.    Ths  csoy  !«  done.  sAir 
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and  the  end  of  the  rubber  tube  are  filled  with  magnesium  solution,  and 
again  connected. 

Accidents  from  the  Ma^csium  Solution. —  The    25%    (or    half- 

saturated)  magnesiiini  sulphaic  solntiun  lias  pruvcu  the  most  satisfac- 
tory in  our  hand*,  for  the  prevention  (jf  clultmg.  Care  must  be  taken, 
however,  that  it  docs  nut  enter  the  heart,  for  it  causes  prompt  paralysis 
of  this  organ.  The  danger  of  this  accident  is  not  great,  unless  too 
high  a  pr-liminary  pressure  has  been  produced  in  the  manometer.  The 
effects  pass  oflf  very  quickly,  unless  the  heart  is  stopped  completely. 
Should  this  occur,  it  is  often  possible  to  resuscitate  the  animal  by 
artificial  respiration,  mjectiun  of  normal  !»aU  sulutiun*  and  cardiac 
massage.  (Magnesium  sulphate  must  never  be  used  to  fill  the  con- 
nectit.n    with    the   injection   burrette.) 

Other  ^olutiofis  Used  to  Frczcnt  Ctottinn. —  Half-saturated  sodium 
sulphate,  or  l%  sodium  citrate,  arc  not  as  dangeron*.  but  they  arc  also 
less  efficient.  Half-saluraled  •indium  carbonate  is  even  more  dangerous, 
and  IS  not  adviM:d. 

Stephen  Hale*s  Armngement. —  This  makes  a  beautiful  demonstra- 
tion. Instead  of  usmg  a  mercury  manometer,  the  carotid  artery  is 
connected  with  a  tube  8  to  12  feet  high,  formed  of  long  sections  of 
No.  Q  glass  Inbing.  joined  closely  with  rubber,  and  containing  a  small 
quantity  of  oil  or  leech  extract. 


Fig.   113. —  Organ-key   bellowK  recorder.     Nntural   size. 

Respiratory  Tracings. —  These  are  best  taken  on  a  separate  drum, 
mo\ing  at  the  same  -ipced  as  that  used  for  recording  the  blood- 
pressure.  The  levers,  etc..  arc  adjusted  so  that  the  excursion  of  the 
normal  respiration  has  a  height  of  H  to  i  inch  on  the  drum.  The 
tracing  should  he  marked  to  show  whether  inspiration  corresponds 
to  the  upstroke  or  downstrokc.  Several  methods  will  Ikt  described; 
none  is  perfectly  satisfactory.  The  Iraclical  methods  a  and  b  have  the 
advantage  that  Ihey  arc  not  disturbed  by  movements  of  the  animal. 
The  simple  trachea-tambour  method  (a)  is  the  simplest,  and  suffice;* 
if  it  is  desired  to  obtain  a  record  merely  of  the  rate  and  depth  of 
the  respiration;  but  it  is  hiRhly  inaccurate  when  the  respiratory  excur- 
sions are  slow  or  prolonged  This  inaccuracy  is  largely  avoided  in' 
the  liottle-method  (/■)  ;  but  it  introduces  the  possibility  of  asphyxiation 
as  a  compliealMig  factor.  All  the  other  methods  are  disturbed  by 
movements  of  the  animal.  The  double  tambour  (^(rthograph)  method 
(c)  suffers  less  from  this,  and  is  perhaps  the  most  generally  useful. 
It  can  also  be  used  in  nonancstheti^ed  animal.s.  if  they  can  be  kept 
swflficicntlv  fjuiet.     This  last  is  also  essential  for  all  the  lever  methods. 

Recorifing  Tambours. —  The  cheapest  fonn  consists  of  a  home-made 
organ-kcv  bellows  (Fig.  fi^).  the  sides  of  very  thin  leather  <ir  K'^ld- 
bc^ater's  skin.  A  3  or  4  cm.  Marev's  tambour  answers  well  The  3  cm. 
Brodie  bellows  fmade  by  C.  F.  Palmer,  6  L'ppcr  Tulso  Hill,  London, 
W.)  is  the  most  delicate.  All  bear  a  straw  and  writing  point  about 
rtnches  long. 
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(a)  Simple  Trachea-Tambour  Method. —  Fig.  114.  The  tra- 
cheal cainnila  is  connected  with  wide  tubuig  with  a  large  T  piece.  Th* 
second  limb  of  the  T  bears  a  short  piece  of  tubing  which  can  be  nar- 
rowed by  a  screw-clamp.  The  third  limb  is  connected  with  the  record- 
ing tainbour.  The  scrcw-cIamp  is  adjusted  so  that  the  Ie\er-pOim 
makes  the  desired  excursion.  <In  place  of  the  screw-clamp,  a  hole 
may  be  cut  in  ihc  tubing,  which  can  be  partly  occhided  by  a  piece  01 
glass-rod  inserted  through  the  free  end.)  The  anesthetic  can  be  jiva 
by  modifying  the  arrangement  as  in   Fig  100. 


V 
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Fig.   114. —  Simple  tracbea-uinbour  method. 
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(b)  Trachea-Bottle-Tambour  Method. —  The  arrangement  is  «- 

plained  by  Fig.  115.  The  botilo  5lu)uld  be  as  large  a»  possible  (a  firf- 
gallon  glycerin  can  or  large  jug  answers  admirably).  The  connection 
between  the  trachea  and  bottle  should  be  as  short  and  wide  as  piissiMr 
The  vent  is  clo«d  whenever  tracings  are  taken,  and  opened  bclwrrcn 
the  tracings.  The  greatest  care  must  be  used  to  avoid  asphyxia.  \\  is 
advi>able  to  discoiniect  the  binile  occasionally,  and  blow  air  throifli 
it   with  bellcpw:^. 

(c)  Double  Tambour  (Stethograph)  Method. —  A  large  tambour 
or  other  elastic  reservoir  is  tied  firmly  to  the  chest  or  abdomen  Il» 
intenur  is  connected  to  a  recording  tambour,  wi*h  the  inlerpissition  of 

a  T  piece,  by  means  of  which   the  taml>oars 
can  be  moderately  dii^tended. 

The  receiving  tambour  may  l»e  given  various 
form-i  r  An  efficient  instrument  may  be  mail* 
by  cutting  of  the  top  of  a  pound  ether  tin.  a 
centimeter  below  the  rim,  tying  a  rubber  n»fln* 
brniie  over  this,  and  closing  the  stopper  opt- 
ing with  a  perforated  cork,  hearing  a  dli^^ 
tube. 

The  sleeve  of  the  sphygmanomeier  can  l< 
wound  about  the  chest  and  connected  w'™ 
llie  recording  tambour;  or  a  piece  of  UO'C'' 
tire    will    answer   the  purpose. 

(d)   Lever  Methoda.— In  these,  the  tn^"*^ 

is    transmitted    to    an    ordinar>'    musclc-k**' 

(page  798).     This  may  be  done,  (i)  b>'  tak'n* 

a  stitch  through  the  skin  and  tying  the  *^'^"J 

to  the  lever;  (2)  a  small  incision  may  be  "Vj* 

through    the    skin    and    muscle,    on    the  ripj 

side,  about  the  lower  edge  of  the  diaphragm  :     The  end  of  a  g!a«  ^ 

or  the  howl  of  a  teaspoon  is  inserted  between  the  liver  and  diaphrtK" 

and  the  handle  connected  with  the  lever     (y)   A  knitting  needle  tW^ 

be  thrust  directly  into  the  liver  through  the  skin   (danger  of  heffof- 

rhage!).     (4)   A  special  lever  may  be  used,  bearing  a  rod  which  r**!* 

on   the   chest  and  abdomen.     This  does  not  require   anesthesia    t'  ." 

well  .^dapled  to  obtaining  tracings  of  the  Cheyne-Stokea  respiraliofl  '" 

deen  anesthesia. 

The  Volume  of  Respiration.—  To  measure  this,  the  anirail  ■>'>'* 
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le  made  to  breathe  through  a  valve  which  separates  the  inspired  and 
xpircd  air.  the  volume  licing  estimated  by  a  gas-meter,  or  by  conduci- 
ng th^"  air  inir.  a  <.pirnnictcr  (see  Stewart's  Manual). 

Artificial  Respiration. —  This  may  be  maintained  in  intact  animals 
y  alternate  ryhtJimic  pressure  on  the  chest  and  abdomen.  Very  little 
orce  should  be  used.  In  operated  animals  the  artificial  respiration  u 
lainiained  through  some  mechanical  apparatus  connected  with  the 
rachear  cannula.  The  simplest  device  consist*  in  a  large  h^Uous 
15  X  22  inches,  exclusive  of  the  handles).  This  may  he  arranged  for 
001  power  by  fastening  a  spiral  upholsterer's  "lounge  spring  No.  2" 
■ctween  the  handles.  The  spoul  is  closed  with  a  cork.  An  inch  hole 
I  bored  in  the  ton.  This  hears  a  perforated  cork,  from  which  a  tube 
eads  to  the  tracnenl  cannula.  A  T  piece  is  inserted  in  the  course 
if^  this  tube,  the  free  limb  of  the  T  being  closed  when  the  air  is 
(riven  into  the  lungs,  and  opened  when  it  is  expelled.  This  may  be 
lone  with  the  finger,  but  it  is  better  to  employ  some  automatic  device, 
'he  T  piece  may  be  placed  directly  ui  the  cork  of  the  bellows.  The 
rcc  limb  is  connected  with  a  rubber  tube  which  is  tied  to  the  handle, 
1  such  a  fashion  that  ii  is  stepped  on  and  closed  when  the  bellows 
compressed  (Kig.  ii6>.  CThe  spring  may  also  be  placed  inside 
'le  bclloivs.) 


n  TrtLcheoL 


Betlowft   for   artificial   respiration. 


R.  E.  Mall  has  perfected  a  simple  valve  for  this  purpose  (Fig.  117). 
[  consists  of  a  metal  T  piece,  with  a  steel  plunger,  well  fitted  and 
ilrd.  which  is  driven  up  by  the  bellows  and  falls  back  in  expira- 
on.  The  excursions  are  controlled  by  short  pieces  of  rubber  lubtng, 
werted  in  the  brass. 

In  an  emergency*  the  operator  can  inflate  the  lungs  by  blowing  into 
he  tracheal   lube. 

Artificial  respiration  should  be  performed  at  al)out  the  rate  of  the 
pcrator's  own  breathing. 

The  anesthetic  may  be  continued  during  the  artificial  respiration  by 
lowing  the  air  through  the  Woulf's  bottle,  shown  in  Fig.  100  (taking 
ire  to  have  the  level  of  the  anesthetic  50  low  that  it  cannot  be 
rejected  into  the  tube).     This  requires  considerable  watching,  so  that 

i«  better  to  employ  the  Grehant  anesthesia,  if  the  expcrimrnt  involves 
roloncetl    artificial    respiration. 

Cardiac  massatre  is  described  in  Exercise  58,  No.  7. 

Oncometers. —  These  arc  instruments  for  observing  and  measuring 
lange^  in  the  volume  of  organs.  See  descrintinn  in  Stewart's  Man- 
ll.  or  Practical  Physiology.  BcHdard.  or  Brodie's  Experimental  PhyS- 
•togy,  etc.  They  can  be  obtained,  for  instance,  from  Palmer  (see  pan* 
94).  In  working  with  excised  organs,  a  simple  apparatus  will  suf- 
1—52 
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fice.  This  may  consist  of  a  convcnienlly-sliapcd  tin  hax,  which  hu 
two  openings,  one  for  the  vessels  of  the  organ,  another  for  Oic  tube 
of  the  recording  apparatus.  This  consists  of  an  elongated  thin  rubber 
bag  (snch  n^  i^  used  in  toy-balloons),  connected  with  a  water  ma- 
nometer. The  bag  is  filled  with  water,  connected  with  the  manttnetcr, 
and  folded  about  the  organ  within  the  box.  When  the  latter  15  clc'»ed< 
any  change  in  the  volume  of  the  organ  is  communicated  through  ihc 
bag  to  (he  manumeter.  It  may  be  recorded  by  connecting  the  free  limb 
of  the  manometer  with  a  Urodie  Bellows.  <For  description  of 
mclcrs.   sec   Roy.   Schacfer,   Edmunds.) 

Circulation  Time. —  See  Stewart's  Manual. 

Vein    Pressure. —  This    lateral    pressure    in    the    inferior    cav« 

measured  by  connecting  the  rr*- 
iral  end  of  the  femoral  vein  wilh 
a  manometer,  shaped  like  the 
mercury  manometer,  but  filM 
with  water.  A  little  water  should 
be  added  from  time  10  time,  to 
make  sure  that  the  vcm  is  no! 
plugged  by  a  clot.  A  tracing  can 
be  obtained  by  6IHng  the  numv 
meter  with  half-sattirated  magne- 
sium sulphate  and  connecting 
with  a  Krodie  Bellows  With 
some  care,  a  cork  or  hollimi 
aluminum  float  and  aluminum 
style  can  be  fitted  directly  to  tbe 
manometer. 

Vein  Flow.—  The  blood  of  tbe 
animal  must  be  defibrinated.  An 
out  flow  lube  is  then  in  t  roduccd 
into  the  vein,  terminally  or  by  a 
T  piece.  The  outflow  is  mea*- 
urcd  or  counted ;  it  may  alw  l< 
estimated  by  the  rale  of  rise  of  a 
tambour  (Barcroft  and  Brodit 
IQ05), 

Drop-MArkcr. —  This  serve  to 
register  the  rate  of  dropping 
(from  ureter,  vein,  etc  )  on  a 
drum.  An  efficient  form  is  fo"' 
stnicted  from  a  muscle  lorr,  »" 
in  Fig.  n8.  The  outflow  ml* '- 
placed  at  least  a  foot  over  lt« 
little  mica  slide. 
These  are  taken  with  mu^cle-Ievcrs     The  nK* 


Hall's  respiration  vaItc 
ural   size 


Nit- 


M  y  ocard  i  ogr  a  ms. 

convcnaiu  nictlKid  consists  in  thrusting  a  knitting  needle  tlirough  '•!* 
left  thorax,  a  little  above  the  apex  beat,  directly  into  the  heart  Th" 
causes  practically  no  disturbance  in  the  circulation.  Another  kniiwr 
needle  is  tied  securely  to  the  long  limb  of  a  muscle-lever.  Th*  ^ 
needles  are  connccteci  by  a  siring.  Raising  the  siring  on  the  h^ 
needle,  or  lowering  it  on  the  lever  needle,  will  increase  the  exciiTii*!"* 
The  best  results  are  obtained  by  adjusting  the  string  in  the  diref*'*'" 
of  the  movement  of  the  heart  needle. 

Tracings  from  the  exposed  heart  are  obtained  by  hooking  a  tjj 
pin  into  the  apex,  and  connecting  with  the  lever  (Fig.  hq)  .  |2 
heart  is  exposed  as  on  page  809;  the  pericardium  is  opened  and  tiitrhw 
to  the  side  of  the  chest,  forming  a  little  hammock  in  which  the  hrtfl 
lies.    The  animal  should  be  curarized. 
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Methods  of  isoTating  the  heart  are  described  in  Exercises  48  and 
74  to  7ti. 

Perfusion  Apparatus  for  Excised  Organs. —  The  most  convenient 
method,  all  things  considered,  consists  in  raising  the  reservoir  itself 
to  the  desired  level  —  i   to  ij^  meters  above  the  organ.     If  the  perfu- 


Fiir.  118.— Drop  Marker:  A  small  mica  slide  m  is  fixed  at  the  end  of  the 
■nuiclc-Iever  tiy  means  of  a  small  cork.  The  mica  slope*  downward.  The  lever 
a  ke;>l  horizontal  by  a  Kmg  l^nnd  uf  thin  clastic  rubber  e.  so  that  a  drop  falling 
on  M  wi!l  cause  the  Din  />  lo  di|>  into  the  mercury  in  the  hollow  cork  r.  closing 
the  ctrctiH  with  the  oattcry  b,  and  moving  the  magnet  s,  which  writci  on  tlie 
drum. 

sion  is  to  be  made  at  room-temperature,  so-called  mercury  bulbs,  of 
the  form  shown  in  Fig  102.  or  "  Aspirator  "  botltes  (having  an  opening 
near  the  bottom)  are  most  convenient.  They  have  a  capacity  of  '4  to 
2  Liters.  If  a  constant  pressure  is  desired,  the  upper  opening  \% 
closed   with  a   Mariotte  stopper,  a  perforated  stopper,  bewaring  a  glass 


FiK.   119. —  Myocardiograph. 


tube  which  dips  to  near  the  bottom  of  the  bulb.  A  tube,  consisting  of 
alternating  sections  of  rubber  and  glass  and  hearing  a  pinch -cock, 
passes  10  the  organ,  which  is  conveniently  arranged  on  a  little  bench. 
A  T  piece  is  inserted  between  the  tube  and  the  cannula,  The  free 
limb  of  the  T  is  clomped.  It  serves  for  removing  air,  or  for  connect- 
ing  a   second   reservoir,   if  the    solution   is   lo  be  changed    (SoUmann, 
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1905).  To  prevent  drying,  the  organ  may  be  covered  with  a  Hap 
of  muscle  and  skin,  cut  trom  the  abdominal  wall  of  the  dead  aninul 

If  u^arm  Huid  is  to  be  used,  a  large  bottle  with  siphon  is  used  u 
reservoir,  and  placed  in  a  water  balh  at  the  desired  temperature.  The 
bulb  of  a  thermometer  is  tixcd  in  the  T.  The  organs  arc  supported 
by  cotton,  or  laid  in  a  bath  of  warm  oil,  or  suspended,  in  a  hot-wat<r 
funnel  (such  as  is  u^td  for  filtering  gelatin).  This  allows  good 
drainage. 

Preparation  of  the  Organ  for  Perfusion. —  The  animal  is  asnaHy 
bled,  tlf  the  perfu.sinn  is  to  be  made  with  diluted  bl'xxl,  a  liter  or 
two  of  Locke's  Solution  (sec  Index)  is  run  into  the  femoral  vein  and  the 
animal  is  again  bled.)  The  bloods  are  defibrinatcd  by  whipping,  strained 
through  clolii,  and  poured  into  the  re^cr^'oir.  The  organ  is  expr>fed,  a 
cannula  is  tied  in  its  artery,  and  connected  with  the  reservoir.  The  ves- 
sels are  well  flushed  (to  prevent  clotting).  The  vein  cannula  i*  now 
tied  in.  All  other  vessels  are  tied  and  the  organ  is  removed.  To  avoid 
drying,  it  may  be  covered  with  a  muscle-skin  flap  from  the  abdoimn 
of  the  dead  animal 

Taking  the  Temperature  of  Animals. —  This  is  generally  taken  in 
the  rL-etuni.  In  wurkuig  with  small  animals,  the  bulh  of  the  ther- 
mometer should  be  warmed  in  the  hand,  and  oiled,  before  it  is  inserted 
The  thermometer  should  always  be  pushed  in  for  the  same  distance. 
which  may  be  marked  on  the  stem.  The  mercury  must  be  completely 
covered. 

Collection  of  Excreta. —  Catheterization  requires  considerable 
practice  in  di'Rs.  and  in  female  rabbits;  it  is  very  ca^y  in  male  rabbits 
A  No.  5  linnc-tipped  giirn  male  catheter  is  user!.  The  urine  of  rabbits 
may  he  eollected  by  i'x^rt'ssioM:  The  animal  is  grasped  firmlv  in  the 
left  liaiul,  so  as  to  push  the  abdominal  organs  toward  the  pelvic  when 
moderate  pressure  with  the  right  hand,  over  the  bladder,  usually  ac- 
complishes the  desired  result.  The  urine  and  feces  may  also  be  col- 
lected by  placing  the  animal*^  in  suitable  "  Metabolism  cages" 

Diabetes  Puncture  and  Heat  Puncture, —  See  Stewart's  Manu4l, 
or  Pr.iciical   Physiology,  Beddard,  etc. 

Peristalsis.— The  movements  of  the  intestine  may  be  watdicd  in 
situ,  or  after  excision:  pieces  of  the  intestine  being  laid  or  suspended 
in  oxygenated  Locke's  fluid,  with  or  without  the  addition  of  dcfibrinated 
blood  (see  Exercise  46).  Tracings  may  he  obtained  by  attaching  ihc 
excised  pieces  to  muscle-levers,  keeping  them  immer«^  in  the  fluid 
Further  details  arc  given  in  the  papers  of  Magnus  ( Pflugtr's  Archiv. 
vol.   108,  p.  I,  1905). 

The  movements  of  the  intestinal  contents  can  be  ohser\*ed  in  intaci 
animals  by  Canon's  method,  mixing  some  bismuth  with  the  food,  and 
observing  with  the  fluoroscope. 
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DRUGS  COMMONLY  USED  IN  EXPERIMENTAL 
TECHNIC. 


The  proper  doses  are  found  in  the  Dose  Tables,  Chapter  XXXIX. 

Anesthetics:     See  page  801. 
Apficodein  :     Paralysis  of  endings. 
Apnmnrphin :     Emetic. 

Airopin :     Paralysis  of  endings  of  vagus  and  syrapathetic. 
Barium  Clilorid:     Stimulation  of  smooth  muscle. 
Cocain:     Local   paralysis   of   nerves. 
Curare:     Paralysis    of    endings    of    striped    muscle:    immobilixatx^vt 
(Remember  that  sensation  is  not  abolished!) 


PERFUSING   SOLUTIONS. 
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Diaresis :    Caffcin,  Thcobromin,  Normal  Saline,  Matthew's  Solution. 
Ftrvcr :     See  Exercise  36, 
Fluorid   of   Sodium:     Protoplasmic   poison. 
Glycosuria :     See  Exercise  34. 

Leech   Extract  or   Peptone:     To  render  blood  non-coagulable. 
Morphin:     To   prevent   vomiting;   anesthesia. 
Muscarin:    Stimulation  of  endings  (antagonist  to  airopin>. 
Nephritis :     See   Exercise  33.. 
Niiotin  :     Paralysis  of  ganglia. 
Nitrite  (Amyl)  :     Fall  of  blood-pressure. 
Pilocarpin:     Stimulation  of  ending?,  particularly  glands. 
Strychnin :     Cnnvulsions. 

Suprarenal:     Stimulation  of  sympathetic  endings;  particularly  vaso- 
constriction, rise  of  blood-pressure. 


PRRFUSIKC   SOLUTIONS. 

Tliese   solutions  are  praclically  indifferent   to  the   tissues  for  which 
they  are  used. 

The  following  are  the  more  im|>oriant : 

Normal    Saline    Salution.— Sodilim    chlorid    solutions,    containing 
0.73%   for  frogs,  0,9%   for  mammals. 

Ringer*s  Solution  (for  frog*;)  consists  of: 

NaCl  07%:  — KG  ao3%:'— CaClj  0.026%    (crystals V 

It  is  convenient  to  keep  a  stock  solution  of  20  limes  this  strength  on 
hand: 

NaCi  14  Gm.;  —  KCl  0.6  Gm. ;  —  CaClj  as2  Gm.  (crystals);  —  Water 

to  too  c.  c. 
Add  5  c.  c.  to  95  c,  c.  of  distilled  water. 

Locke*s  solution  (for  mammals)  consists  of: 
CaOs         0024%  (crystals) 
KG  otM2% 


NaHCO.   0.03% 
NaG          0.9^ 
Dextrose  0.1% 

Stock  solutions: 

A:    NaHCO.  XQ  Gm. 
KG           ^2    " 

B:   NnO         90  Gm.     C:    CaG>               24 
Water  to  i.oooc.c.             Water     to  looc.c. 

Water     toioocc. 
D: 

Dextrose:  i  Gm.  packages. 

For  use,  add  10  c.  c. 

of   A  and   too  c.  c.  of  B  tn  900  c.  c.  of  water. 

Shake.     Add  to  c.c.  of  C  and  a  gram  package  of  dextrose.     A  stream 
of  oxygen  h  kept  hnbbling  through  the  liquid. 

Ringer-Locke  Solution    (for  mammals)   is  Locke's  solution   with 
the  omi««inn   i>f  the   rlcxtroso. 

Ringer-Langendorff  Solution   (for  mammals)  consists  of: 
NaG  0.8%;  — CaG:  0.01%:  — KG  0.0075*^  ; —  NaHCO,  0.01%. 
S.  A.  Matthews*  solution  for  diuresis   (mammals)  : 
KaCl       3.67  NaaSO*       lo.i  NaCitrate     336  CaCU    0.136 

Water  to  i.ooo. 
Solutions  of  Salts  ^ving  the  same  freezing  point  as  1%  Sodium 
Chlorid    (I    Gm.   of   NaCl   added   to   100  c.  c.   of  distilled   water;   A  = 
0.589;  molecular  concrntration  ^0.316). 
"ah  the  sails  are  to  be  weighed  in  grams  and  made  up  to  i  Liter 
>o.oi%  givcf  t  more  rapid  rale  of  the  heart. 
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with  distilled  water.  They  should  first  be  dried  to  constant  weight 
at  no°  C,  unless  otherwise  stated.  They  must  always  be  controlled 
by  actual  freezing  point  determination   ^ee  Exercise  25). 


Checked    by    tlie 
thor: 


Au^ 


BaCU  25.62 

CaCl.   16.33 

KCI    ioc.c.=  i5.8c.c. 
nA,  NaOH 

LiCI    7.26 

MgCU  21.15 

NaAcetate  12.75 

NaHCO, 9-66 

(Do  not  dry) 

NaOO,   I7.g5 

NaCitratc    27.37 

(47-3.*  to  75.73 
crystals) 

NaN04 15-35 

NaOxalate   33.0 

Na,HPO ai.o 

NasSO.    21.0 

(47.73   crysatis) 


Deduced   from   Pub- 
lished Tables: 

Alcohol    14-50 

phis  I   Liter 
Cane  Sugar. ..  .io8,&. 

plus  I  Liter 
Glucose   56.74 

plus  I  Liter 
Urea 18.94 

plus  I  Liter 

MgSO, 35-37 

NaiCO.    14  54 

NaOH   700 


Deduced  by  Analogy: 

NH.a   9-U 

NaBr   1746 

Nal   2S4J 

KaCNS    ilH 

KaF ..••...  yai 


■ 
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CHAPTER  XXXV. 


CHEMIC  EXERCISES. 


Introductory  Remarks. —  Before  beginning  on  the  laboratory  woflt 

the  student  should  check  the  contents  of  his  locker  and  familian:^ 
himself  with  tlic  reagents  on  the  shelves  (sec  Tables  XV'II  tn  XM'- 
pages  780  to  784).  These  are  arranged  alphabetically.  Rememlxr  tt-i' 
they  are  to  be  replaced  in  their  proper  position  as  soon  as  u>rH  '■"^ 
student  should  supply  himself  with  towel,  soap,  matches,  scratch-paA 
and  dissecting  instruments.  He  should  keep  his  working-place  cJ^*" 
and  neat. 

The  experiments,  explanatory  remarks,  and  references  shoiiM  1* 
assigned  and  read  before  coming  to  the  class.  Cro^s-reference?  "* 
other  cxpcrinicnis  (e.  g.,  "  Con.suit  Exercise  so  and  60  ">  mean  ly^J 
these  cxpenments  are  to  be  read,  but  not  to  l>e  pcrfonned.  >t  ttii' 
time.  Tlie  references  to  the  chapters  of  the  texl-lMV»k  may  l»e  neitk^'*'^ 
by  the  student.  The  student  should  reflect  on  the  object  and  cooflw 
sions  of  the  experiment  whilst  it  is  in  progress.  }\c  should  ukf  *''" 
count  of  alT  the  experiments  performed  in  the  course,  including  'J'''' 
shown  as  demonstrations  or  assigned  to  other  memhers  of  ihf  fl*^* 
Two  students  may  collaborate  in  the  chemic  experiments. 

If  an  experiment  is  unsuccessful,  it  should  be  repealed.  lo  *"J 
event  of  a  second  failure,  the  student  should  call  on  the  deflionstr**^' 
for  help.    Every  unusual  or  atyf>ical  result  should  he  reported 

Additional  apparatus  is  furnished  on  written  requisitirjn.  Thf  '1^1 
clal  material  needed  for  each  experiment  is  noted  at  the  bottom  "i 
each  page  {S.M.). 
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General  Remarks  on  Note-Taking.— The  results  of  the  experi- 
ments should  be  entered  bricHy  in  a  special  note-book.  The  method 
should  be  indicated  sufficienily  to  make  the  notes  understandable. 
Tracings  should  also  be  inserted,  either  the  original,  or  copies  taken 
free  hand,  with  tracing-paper,  or  blue  pnnts.'  Unnecessary  detail  is 
to  be  avoided.  It  is  all  but  impossible  to  enter  these  results  neatly  at 
the  work-table  or  in  the  conference;  it  is  therefore  better  to  jot  down 
the  notes  on  scratdi-paper,  and  to  transfer  them  to  the  note-book 
when  the  practical  work  is  completed.  The  results  should  be  followed 
by  a  brief  staienicrtt  of  the  conclusions  which  may  he  drawn  from  the 
experiment.  These  should  only  bear  on  principles,  not  on  details. 
They  should  go  no  farthci*  than  the  data  of  the  experiment  warrant. 
With  the  animal  experiments,  it  is  Ijetter  to  wait  with  the  drafting  of 
the  conclusions  until  the  results  of  the  entire  class  have  been  collected 
and  discussed. 

Specific  modifications  of  these  general  directions  arc  mentioned  in  in- 
dividual experinjents. 

As  the  work  on  each  drug  is  completed,  a  summary  of  the  action 
should  he  entered  in  Chapter  XXXVIII,  as  indicated  at  the  end  of  the 
Exercises   (see  for  instance  Exercise  J4,  p.  861). 

EXERCISE   I.— PHARMACOGNOSY.*— GROSS    ANATOMY   OF 
VEGETABLE  DRUGS. 

To  precede  Chapter  I.  (No  notes  required.) 
Conference  and  demonstration  of  dried  parts  of  plants  to  illustrate: 
Roots  { Belladonna,  Sarsaparilla,  Phytolacca,  Ginseng)  ;  Rhizomes 
(Podophyllum,  Calamus,  Aspidiiim)  ;  Tuber  (Aconite,  jalap);  Bulb 
(Squills) ;  Ht-rb  I  Peppermint)  :  Cortex  {Cinchona,  Wild  Cherry)  ; 
Leaves  (Senna,  Digitalis);  rio7\ers  (Rose,  Cloves);  Fruits  ( Fennol, 
Cubeb,  Cardamom  Cohxiynth) ;  Seed  (Flaxseed):  Excreseenee 
(Nutgall);  Exudations  (Opium.  Aloes*  Asafctida.  Acacia,  Copaiba). 


EXERCISE  2.— PHARMACOGNOSY.   CONTINUED.- 

HISTOLOGY. 


PLANT 


Study  in  connection  with  Chapter  T.  The  student  should  make 
drawings  of  the  sections,  if  time  permits  (optional).  No  other  notes 
are  required. 

Demonstration  of  sections  showing: 

Caleium  oxalate  crystals  (Rhuharb,  Squills,  and  Solomon's  Seal)  t 
Starches  (Wheat,  rye.  potato,  corn,  rice,  oat?,  ginger —  shows  also 
resin  cclh. —  aconite);  Alcurnn  iirains  (Castor  bean);  Spiral  vessels 
(L.  S.*  Podophyllum):  Doited  7'essels  (L.  S.  and  T.  S.  (jlycyrrhiza) ; 
Pitted  wood  cells  (L.  S.  Pine  wood);  Stone  cells  (T.  S.  Cascara  Sa- 
grada)  :  Parenchyma  cells  (T.  S.  Cypripeditim)  ;  Bast  cells  (Cinchona, 
Cascara  Sagrada,  and  Sassafras  hark)  ;  Fihro  vascular  bundles  and 
epidermis  (T  S.  Podophyllum)  :  Cork  cells  (T.  S.  Common  cork) ; 
Stomata  (Leaf  epidermis);  flairs  (Mullein  leaf.  T.  S.  Sar.saparilla 
root);  Resin  celts  (T.  S.  CaUimus)  ;  Oil  spaces  (T.  S.  Clove);  Resin 
duct   (L.  S.  Tamarack) :   Po{lci\   (Pine);  Spores  (Lycopodium). 

'  Sec  page  794- 

*  For  more  comprehensive  work  on    PbammcoKnosjr,    Exercises   I   to   III,  seC 
Hatcher  &  Sollmann,  Textbook  of  Materii  Medica.  Saunders  &  Co..  1904. 

•  L.  5.=^  lonKJtudinal  section;  T.   S.=  transverse  section. 
S.   M.,  Ex.    i:     Sitccimcns. 

S.    M.,    Ex.    2:     Sluunts,    MicroKope,    DinKrams. 
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EXERCISE  3  — PHARMACOGNOSY,  CONTIXUED  — GEXER.U 
REACTIONS  OF   PLANT  CONSTITUENTS. 

Study  in  connection  with  Chapter  1. 
(It  is  assumed  that  the  student  is  familiar  with  the  characters  of 
glucose,  cane-sugar,  starch,  protcids,  and  fats.  Should  this  not  be 
the  case,  they  should  be  studied  before  the  following  experiment*  »re 
made.)  Two  students  may  work  together,  if  desired.  Slake  notes  on 
the   results. 

1.  Alkaloids.'—].  Alkaiinity.^PUct  a  drop  of  i%  nicoiin  on  red 
litmus  paper:  blue  color. 

2.  I'rccif'itahim  Kcactiorts. —  Place  on  slides  a  few  drops  of  i  :ijaoo 
acidulated  quinin  Milphatc  solution,  mix  with  a  drop  of  tJie  following, 
and  note  the  amorphous  precipitates : 

(fr)   lodin  in  KI  =  White. 

(a)   Mercuric  Potassium  lodid  =  Reddish, 
(f)   Picric  Acid  =  Yellow. 

id)  Tannin  (i%)  =  Gray. 

{e)  Phosphorungstic  Acid'        ^  White. 

3.  Soluhility  Characters  of  Aikaloids  and  their  Salts. —  In  a  test-tube 
make  about  5  c.  c.  of  an  acidulated  i  :  1,000  solution  of  quiniii  sulphate 
distinctly  alkaline  by  NaOH  solution:  a  precipitate  of  free  alkaloid  1$ 
thrown  down  (free  alkaloids  are  generally  insoluble  in  water.  whiUt 
their  salts  are  soluble).  Add  about  10  c.  c.  of  ether  and  shake  with 
a  gentle  rotatory  motion.  Draw  off  the  ethereal  solution  from  the  top 
with  a  pipette,  and  again  shake  the  watery  solution  with  5  c.  c.  of  etbcr. 
Again  draw  off  the  etbcr.  Acidulate  some  of  the  remaining  waien? 
solution  and  test  it  with  mercuric  potassic  iodid,  observing  that  there  i» 
no  or  very  little  precipitate  (the  free  alkaloid  being  completely  ex- 
tracted by  ihc  ether).  Shake  the  ethereal  solution  with  ?ome  dilute 
sulphuric  acid.  Draw  off  a  little  of  the  acid  solution  from  the  boHom. 
and  lest  with  mercuric  potassic  iodid:  a  precipitate  occurs.  (Thr  acid 
converted  the  quinin  into  the  sulphate,  which  is  soluble  in  water,  and 
insoluble   in   ether.  1 

d.  Lassaigne's  Test  for  Nitrogen. —  Place  a  knife-pointfut  of  dry 
quinin  sulphate  in  a  dry  test-tube.  Take  a  piece  of  metallic  Na.  sire 
of  small  pea,  dry  with  blotting-paper,  and  add  to  quinin.  Heat  red  hot 
and  piflnge  into  beaker  with  a  little  water.  Filter.  Add  a  few  drops 
FeSOi.  Let  stand  five  minutes,  .\cidulate  with  cone.  HO  and  heat: 
Greenish  or  blue  color  or  precipitate  of  Prussian   Blue. 

Note  the  peculiar  odor  of  quinolin  (compare  with  bottle  on  de»k). 
a  decomposition  product  of  quinin. 

5.  Microchemic  Reactimis.* — Alkaloidal  precipitates  often  present  a 
crystalline  character,  which  may  be  useful  in  their  identification  Thi« 
is  illustrated  by  the  following  examples.  (Mix  the  solutions  on  a  slide 
and  examine  from  time  to  time  with  low-power  microscope,  until 
typical  crystals  are  seen.     Make  drawings.) 

(a)  5  drops  of  2%  Morphin  Sulphate  and  one  drop  10%  KH^OH: 
rapid  formation  of  needles.  (Rub  with  a  glASs  rod  if 
necessary). 

>  Similar  rearttoni  are  givtn  by  other  orcinic  b«$ct.  r.   g.,  pyridia  aoj  VVt- 
oh'n   («ce  first  edition,  paire  760). 

'  rtioxf^hetunestic  Acid:     A   to%  solution  in  4%  HCI. 
'  ThMc   reactions   may   He  demonBtraled. 
S.  M.—  Waterbath,   slides,    and  covers. 
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(b)  s  drops  of  Vi«>%   Nicotin  and  excess  of  picric  acid:  at  first  a 
fine  precipitate;  later  stellate  crystals. 

(c)  Substitute  1%  Atruphiu  Sulphate  for  Nicotin  in  {b) :  feathery 

cryMais  and  stellate  groups. 

(d)  1%  Strychnin  Sulphate  and  potassic  bichromate  sol.:  fine  ro- 

■rictU's  of  needles  at  once.. 

II.  Glucosids. —  (These  yield  glucose  as  one  of  their  decomposition 
products.    Saiicin  is  an  example. ) 

6.  Test  a  little  fresh  i7o  solution  of  SaHcin  for  sugar  by  Trommer's 
Test :  negative. 

7.  Decomposition  by  Acids. —  To'  another  portion  of  the  solution  add 
Ji  volume  of  5%  sulphuric  acid:  boil  in  water  bath  for  10  minutes; 
make  alkaline   with  NaOH,  and  apply  Trommer's:  positive. 

R  Drcomposition  by  Ferments. —  To  another  portion  of  the  solution 
add  some  saliva  and  heat  in  water  bath  at  40"  C  for  half  hour;  test 
for  sugar :  positive. 

9.  Note  difference  in  sweetness  of  alkaline  and  acidulated  fluid- 
extract  of  Licorice.  (The  sweet  glucosid,  glycyrrhizin,  is  precipitated 
by  acids) 

III.  Saponins.* — 

10.  F(^(iw*ii;;.— Shake  a  few  drops  of  a  tincture  of  soap-bark  (which 
is  rich  in  saponin)  with  a  tittle  water:  considerable  foam  is  produced* 
which  subsides  slowly. 

It.  EmulsificQtion. —  .Arid  25  drops  of  the  snap-bark  tincture  to  al>out 
an  inch  of  cotton-seed  oil.  Shake.  .Add  an  inch  of  water  and  shake: 
a  smooth  mixture  (emulsion)  is  formed.  Add  alcohol:  the  emulsion 
per  si  St  A. 

IJ.   Sapotoxin^  lake   blniKl    (consult    Experiment   22  \). 

IV.  Anthraquinon    Derivatives,—  (Catlinrtic    Emodin    Principles). 
T.v  To  an  infnsion  of  rhubarb  add  a  few  drops  of  NaOH:  red  color. 

V.  Tannins. — 

14.  Tannic  Acid. —  (Dissolve  a  little  tannin  in  hot  water  or  use  the 
1%   solution). 

(fl)  Add  drop   of   FCjCU:   green-blue-black   color.     Dihite   until   it 

is   transparent.     Add   a   few  drops  of   NaOH :   garnet  color. 

Add    cautiously    an    excess    of    HaSO. :    greeni.sh-red :    with 

more,  greenish-yellow. 

(fr)  Add  some  PbtCH.Os)::  large  white  precipitate.     Add  NaOH 

and    shake :    pink. 
(f)   Add  some  NaOH:  reddish-brown  crrlor. 
id)  Observe  that  tannin  precipitates  alkaloids  {e.  g.,  quinin)  \  pro- 

teids   (egg-white  ^(Uution)  ;  and  gelatin. 
{e)  Add  a  drop  of  Fe-CU  to  a  little  infusion  of  Cinchona   (green- 
ish  color).    The   tannins  occurring  naturally  in   plants  give 
a  greenish  color  with   iron  :  tannins  occurring  in   pathologic 
formations   (nmgalk)   give  a  bluish  color. 
1$,  Gallic  Acid. —  To  a   1%  solution  of  gallic  acid  add  a  few  drops 
of   1%   KCIN:   a   red   color  appcnrs.   which   soon   fades,  hut   reappears 
on  shaking   (Yoimg's  test).     Pure  tannic  acid  does  not  give  this  reac- 
tion. 

VI.  Quma. —  (Use  a   10%  solntion  of  .\cacia.) 

16.  (a)  Inversitnt  by  Acids.— Ttsl  for  sugar:  negative.  Add  M  vol. 
of  5%  sulphuric  acid,  and  h*n\  for  to  minutes  in  water  bath.  Make 
alkaline  with  NaOH.  and  test  for  sugar:  positive.  This  test  is  given  in 
common  by  gums,  starch,  glucosids,  and  other  carbohydrates. 

(b)  Add  some  alcohol:  precipiiate  {difference  from  glucosids).  Bo- 
rax also  causes  precipitation. 


*  For  «  ipccific  color  reaction,  sec   Brst  edition,  p.  7;i,  No.   37. 
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(c)  Aild  a  few  drops  of  iodin  solution:  no  blue  color   (difference 
from   starch), 
VII.  Resins. —  (Use   commercial    rosin.) 

17.  Solubility. —  Note  that  this  is  soluble  in  alcohol,  bm  is  precipi- 
tated from  this  solution  by  adding  water.  It  is  also  soluble  in  ether, 
turpentine,  oil,  and  boiling  sodium  hydrate  solution,  but  insoluble  in 
gasolin. 

Vin.  Volatile   Oils.— (Use   spirits   of   turpentine.) 

18.  (a)  Sohihilily.^^otc  that  this  mixes  with  alcohol,  ether,  guolm. 
and  cotlon-st-ed  oil,  but  not  with  water. 

(b)  Note  that  it  makes  a  greasy  stain  on  paper,  but  that  thi$  stain 
disappears  in  time,  especially  on  heating. 
IX.  ColorinK  Matter. — 

19.  Chlorof^hyll. — 

(ti)   Note  the  green  color  of  a  fresh  tincture  of  lettuce  leaver* 

(h)   Add  some  dilute  HC! :  yellow  color 

(c)  To  another  portion  add  some  NaOH:  the  color  become*  an 
old  gold-Rreen.  (Chlorophyll  has  a  characteristic  spectrum, 
in  which  the  above  reagents  produce  definite  changes:  set 
Hatcher  and  SoUmann:   Materia   Mcdica.) 

20.  Curcuma    (Turmeric). — 

(fl)  To  some  of  the  i%  tincture  add  a  drop  of  NaOH   (reddish- 
brown  color)  ;  then  an  excess  of  dilute  HCI :  yellow  color 
is  restored. 
(6)  Dip   some   paper  which   has   been   dyed    with   curcuma   (Tur- 
meric  Paper)    into   57o   boric  acid:  orange  color.     Touch  it 
at  one  place  with  dilute  HCI  and  dry:  deeper  red.     Moincn 
with  ammonia:   deep  blue.     (This  serves  also  as  a  test  far 
l>orio    acid.) 

21.  Cochineal. —  Triturate  a  single  insect  with  about  10  c.  c.  of  water: 
notice  the  tint :  add  20  drops  of  ammonia :  the  color  deepens.  Filw.' 
add  excess  of  dilute  HCI:  the  color  becomes  lighter  and  there  is  1 
precipitate  of  carmin ;  add  excess  of  ammonia:  the  camiin  rcdt»sol«t* 
and  the  color  deepens  again. 

22.  Cudbear. —  Add  5  drops  of  Tr  Persionis  to  about  5  cc  of 
water;  add  a  few  drops  of  dilute  HCI:  note  the  change  of  color 
(lighter  tint);  add  excess  of  NaOH:  bluish  violet  color 

N(?te. —  The  orisjin  of  red  colors  may  be  discovered  by  the  addition 
of  NaOH;  this  causes  a  change  to  green  if  the  pigment  i*  t hit  of 
fruits;  to  blue  nr  purple,  if  it  is  of  other  vegetable  oriRin.  Anilm  d)T» 
are  not  changed.     For  other  tests,  see  La  Wall.  1905. 

Optional. —  St\idy  a  ycries  of  starches  with  the  high  power  of  ll* 
microscope,  and  make  drawings  (sec  Fig.  i,  T.  B). 

Conclusions. —  From  your  own  experimental  resnlls,  formulatf  J"* 
initions  for:  Alkaloid;  Ghicosid ;  Saponin;  Tannin;  Gum;  RcJ'"- 
Volatile  Oil. 

EXERCISE  4— METROLOGY. 

To  precede  Chapter  H. 

Conference  and  Demonstration  of:  Decimeter  cube,  inetCT.  .^Jj^ 
of  haLinces.  sets  of  metric  and  apothecary  weights,  conic  and  otinone 
gra<luates  (metric  and  wine)  ;  measuring  flask,  pipettes  biir<"ttfN  Pj^ 
nometcr,  areometer,  thermometers,  method  of  taking  specific  gT«"^ 
of  solids;  methods  of  measuring  and  weighing. 

No  notes  required.     Work  out  some  examples  in  metrology 

*  Some  fresh  lettaee  if  bmise  j  in  a  mortar  with  sand.  irituratdJ  wi*^ 
«nd  ttltcred. 

S.  M.,  Ex.  4:     Apparatus  for  detnonst ration. 
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EXERCISE  5  — PHARMACEUTIC   METHODS. 

To  precede  Chapter   III 

Conference  and  dcmrmsiration  of:  Mort;irs;  dcsiccniors;  different 
forms  of  baths  and  uvtns;  of  stills;  pcrcolaiion ;  use  of  separatory 
iunncl;  powders  of  different  degrees  of  fineness;  suppositories, 

Ko  notes  required. 

EXERCISE  6.— PHARMACEUTIC   MANUFACTURING.* 

Study  in  connection  with  Chapter  IV- 
Manufacturc  of  the  follownig  preparations  ( U.  S.  P.  or  N.  F.): 
Aqua  Menthit  Pip.;  Aq.  Chlorof. ;  Liq.  Chlori  Comp. ;  Liq.  Pot 
Arsen. :  Liq.  Calcis;  Liq.  Ammon.  Acct. ;  Liq.  Magncs.  Citr. ;  Liq. 
Plumbi  Snbac. ;  Liq.  Ferri  Cblor. ;  Dobcll's  Solu. ;  Muc.  AcaciK;  Spir. 
Camph. ;  Sp.  Ammon.  Arom. ;  Sp.  Slcnlh.  Pip. ;  Glyc.  Boro  ^lyc. ;  Pyrox- 
olon;  Collodion;  Coll.  Flex.;  1nfu<;uni  Sennse  Co.;  Inf.  Digit  ;  Decoct 
Cetrar ;  Tinctura  Digit:  Tr.  Opii:  Tr.  Ferri  Chlor. ;  Tr.  Opii  Camph. ; 
Acctum  Scillw;  Fluidext,  Aconiti ;  Ext.  Ergiitx  ;  Syrupu?  Prunis  Virg. ; 
Syr.  Ferri  lod. :  Syr.  Ac.  Citr.;  Elixir  Arom.;  Oleoresina  Capsici ; 
Mist.  Cret»  Co. ;  I^tio  NiRra ;  Lot  Flava :  Lot  Plumbi  et  Opii ; 
Emuls.  Ol.  Morrhuae:  Em.  Chloroformi;  Em.  AsaftciitUe;  Sapo  Mol- 
lis: Linim.  Saponis;  Lin.  Calcis;  Lin.  Terebinth;  Lin.  Ammonia;  Pulv. 
Efferv.  Co.:  Pulv.  Glycyrrh.  Co.;  Caff.  Citr.  Efferv. :  Pil.  HydrarR.; 
Massa  Ferri  Cnrb. ;  Gelatin,  suicar,  and  chocolate-coated  pills;  Snpp. 
Ac.  Tann. ;  UuRucntuni;  Ung.  Kind  Oxiti;  Ung.  Aquae  Rosx;  Ccra- 
tum :  Empl.  Plumbi :  Empl.  Adhesimim :  Empl.  Bclladonnac ;  Rcsina 
Podophyl. ;  Ac.  Boric;   Sod.  Citr;  Lac.  Sulphur. 


EXERCISE  7  — DISPEXSING, 

The  experiments  wilt  be  demonstrated,  and  arc  to  he  repeated  by 
«ach  student ;  the  product';  must  he  checked  by  the  demonstrator  The 
s*ilids  may  be  weighed  in  advance,  if  scale  facilities  are  limited.  No 
iioies  required.     Study   in  connection  with   Chapter  IV. 

Experiments. — 

I.   Fold  a  plaited  and  a  plain  fittrr.  properly  trimmed   (Fir.  120). 

The  former  is  made  by  folding"  a  square  or  round  sheet  of  filter- 
paper  along  the  line  i.  a:  and  this  piece  again  in  the  same  way  along 
2.  h.  If  square,  the  corner  is  trimmed  off  alnug  the  dotted  tine  3,  u. 
The  filter  is  then  placed  in  the  funnel,  opened,  and  moistened  with 
water  or  a  little  of  the  liquid  to  be  filtered. 

The  platted  filter  is  started  like  the  plain.  The  fold  T,  a  is  made; 
2,  b  is  here  only  a  crease.  The  paper  is  fi^ilcned  afjain  as  in  2.  and 
ihe  edqes  folded  in  as  in  3.  b.  The  paper  is  apain  laid  out  flat  and 
each  eighth  furnished  with  an  extra  crease,  as  in  4:  firs!  as  in  a.  then 
folding  over  c,  and  then  making  h.  The  paper,  flattened  out,  shows 
cr^a?;es  as  the  lines  in  5,  all  in  the  same  direction.  F-ach  space  is 
now  folded  back  alone  the  dotted  line  in  the  opposite  direction,  as  in 
makioR  a  fan  (6).  The  numbers  in  (6)  refer  to  the  order  in  which 
'he  creases  are  made.     If  ibis  U  separated,  it  Rives  the  fiRure  7. 

Tbe  creases  should  not  be  carried  sharply  to  the  point,  but  should  be 
quite  light  for  %  \o  V2  inch  from  the  end.  to  prevent  breaking. 

'  Tliw  c)tcrci»r  may  tit  marlr  optional.     Tletailtfl  nntes  Klmuld  be  kcpl. 
S.    M.,    Ex.   5:     ApparatuH    for   (lemonslr,ilii"»n. 

S.  M..  Ex.   7:   (for  twelve  students).— Balance  and  wcighta:  .10  papers  for  fold* 
inir  fillers;  is  itiff  papers  for  plasters:  powder  papers:  \io  irclatin  capsules.  No.  2. 
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Fig.    120. —  Method^  of   folding  filter*. 


2.    Solution: 


B.  Sodii    Chloridi I. 

Sncchari    5. 

Inf.  Mcnth.  Pip aa 

Mix   and  dissolve. 

Powder  papers:    IJ.  Hyrlrarjf.  Chlor.  Mitis 1. 

Pv.  Amyli    5. 

Mix  and  divide  into   10  powders,  properly  folded. 

Capsules:              B    Pv.  Amyli a. 

Fill  into  10  capsules. 


EX.    8:    INCOMPATIBILITIES. 
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EXERCISE  8  — mCOMPATTBILITIES. 


5.  Emutsion:  B-.OI.  Morrhtiae 5- 

Pv.    Acacise    a. 

Aqiise    5* 

pUake  emulsion  (Rub  the  acacia  with  the  water  and  add 
the  oil  at  once,  triturating  vigorously).  When  the 
emulsion  is  fonned  add  50  c  c.  of  water,  and  shake: 
The  oil  rcmams  emulsified. 

6.  Ointment:  3-   Pv.  Amyli   X. 

Pelrolali    la 

Mix  and  make  into  ointment.     This  must  be  free  from  tumps. 

7.  Pilh:  B    Pv-  Glycyrrh 2. 

Make  into  10  pills. 

8.  Piaster:  Spread  a  plaster.  5X6  inches. 

Optional. —  This  exercise  can  be  profitably  extended  as  much  as  time 
will  permit,  the  student  writing  and  dispensing  a  scries  of  prescriptions. 

Ic  wtU  very  hkely  illustrate  some  of  the  incompatibilities, 
c  student   should   state   in  his  notes  the  results,  the  general   rule 
which  each  experiment   illustrates;  and.  if  possible,  the  chemical  reac- 
tion which  takes  place,  and  the  nature  of  the  precipitate,  etc. 

Study  in  connection  with  pages  74  to  79. 

Experiments. —  f .  ExptoBlvei. — 

I.'  Rub  a  little  chlorate  of  potash  and  tannin  in  a  mortar:  detona- 
tion. 

2l'  Mix  some  strong  nitric  ac'id  and  alcohol  in  a  beaker,  and  let  stand 
in  a  bell  jar:  in  a  short  time  orange  vapors  arise,  and  suddenly  the 
solution  boils  up  and  is  thrown  from  the  beaker. 

3.  Mix  some  concentrated  sulphuric  acid  and  water  in  a  test-tube, 
and  notice  the  evolution  of  heat. 

II.  Incompatibility  by  Oxidation. — 

4.  KriCriOr  solution  +  Alcohol;  no  change.  (There  may  be  a  slight 
precipitate,  which  redissolvcs  if  a  little  water  is  added.)  Add  cone. 
HjSO«.     Green  color,  and  evolution  of  gas. 

[KcCnO,  +  H.SO.  =2CrO,  +  2KHSO4  -h  H,0 

CrO>  +  ^C^UO  =Cr,0,  -H  jCH.O  (aldehyd)  +  3HX) 
C.O»  +  3H,SO.  =Cr,(SO,),  +  3H,0] 


If  put  up  without  heating,  no  change 
will  occur,  illustrating  the  possibil- 
ity of  mixing  certain  explosives  in 
solution. 

Evolution    of    Chlorin    Gas: 


^^  9.  KCIO. 0.5 

^H         Aqu;e  to. 

^^r  Glycerin!    2. 

■  Tr.  Fcrri  Chlor....    i. 

6.  Cone.    HCl  +  dry    KCIO.  +  heat 
3  iquid  turns  golden  or  canary  color. 

(  jHCI  +  KCIO,  =  KCl  +  DO,  +  CI  +  H,0.) 

7.  H,Oi  +  KI    (let  stand)  =  Yellowish-brown  color. 

(2KI  4-n,0,  =  2KOH  +  I.) 
&.  Kl-f  KCIO, +  HC1    (heat)  =  Brownish  mlor 

(KI  +  Ka0.4-2Ha  =  2KCl  +  aO,+  H,0  +  I.) 

*  **  Sp^il"'' l^th'^Vitr  1    Brown-red  colnr;  liberated  iodin 

III.  Chemic  Incompatibility  by  Precipitation.— 

\o.  FeSO«-t-(o)   NaOH  =  Green  precipitate, 
(fc)   NajCOs^  Green   precipitate. 

D«raon»tntion;  oot  to  be  done  hj  students. 
i.  M. —  Expts.    I    and    <. 
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(c)  Pol.  Oxalate  (let  stand >=  Yellowiah-whiic  prtcipi- 

late, 
(rf)  Sod.   Borate   (let  5tand)=  Greenish  precipitate. 
if)   Na3HPO.  =  Grayish- white    precipitate. 
if)  Tannin  =  Dark  blue. 
(g)   Infusion   Uva   LVsi^^Dark  bluish-gTeen. 
(A)   Infusion  Cinchona  =  Dark  green. 

11.  FejCV-f  (0  Albumin  ==^  White  precipitate. 

ik)  Acacia :^  Brown   gelatinous  precipitate. 
(/)    Sodium  Salicylate^  Reddish-piirplc  color 
ip)  Carbolic   Acid    (s%)  ^  Bhiish-violct  color. 

12.  CiiSOiH-(fl)  ^  Grcenish-bluc  precipitate, 

ib)  =  Bluish-whitc   precipitate. 
it)   =  Bluish-white  precipitate. 

13.  PbCCtHiOOsH-  (1)  =  White    precipitate. 

(mi)  NaCI  ^  White  precipitate. 
(«")   KBr:=  White  precipitate, 
( 0  >   NaiSO.  =^  White  precipitate. 
Tuictura    Opii  =  Brown    precipitate. 

14  MgS04+(a),   (/j)=White  precipitate. 

15  Ca{OH»,+  <r).    (V)  =  White  precipitate. 

16.  HgCU+ <(/)    Ca(OH)»=  Yellow   to  brown  precipitate 

(r)  FeSO*  +  heat ^  Blackish-brow M    precipitate. 

(aHgO,  +  4FCSO4  =  Fc.(SO,),  +  Fe.a  +  Hgi 

is)   Kl;  when  red  precipitate  forms,  add  more  KJ.  »» 

it  should  redissolve. 
(0  =  White    precipitate. 

17.  AgNO.  as  13  (1),   (iu)  and  (h). 

18.  Saturated    solution    Quinin    Stilphate  +  (u),     (&),    (/)=WW 

precipitate. 
(t)  -f  lodin  solution    (1  4-  Kit  =  Brown  precipitate 
(u)  +  Picric   Acid  ^Yellow   precipitate, 
(f)  +  Pot.   Merc.   lodid^  White  precipitate. 

19.  I  :  100  Strychnin  Sulph.  +  saturated  KBr=  Precipitate  of  crj*'" 

needles,  increasing  on  standing. 

21.  H.     Solution.    Quinin.    Bi.«iulph.  T 

Solution.   Sodii   Salicyl.  j  While  precipiufe 

aa   partes  ;equalcs.    j 

22.  ^.     Solution.  HgCli  \  Red   prccipi- 

Solution.  KI  (      tale. 

Continue    addition   of 
Kl  to  solution,  then 
add: 
Tinctune  Cinchonx!    Brownish  precipitate. 

23.   B.     Solution.  AgNO,  J  White    prectpiute    on    iUikIji* 

Aquar  Font,   (tap  watcr>  (      darkeninij  in  the  light 
IV.  Chemic    Incompatibilities    without    PrecipiUUon    (coR^^ 
also  I  and  11)  : 
24.  Chloral  +  NaOH  :  Odor  of  Chloroforn). 

f  CCbCOH  +  NaOH  =  NaCHa  +  CHG,.) 
35.   U.     Ac  Sulphur.  Dil.  gtt.  30.  }     Evolution  of  Cd  and  prtop****** 

Mist.  Cret» 10  c.  c.  *         of  CaSO.. 

26.  B.     Bism    Subcarb i|    Evolution  of  CO.- 

Liq.  Pepsini 10  ^ 

(Liquor  Pepsini  contains  HG.) 
>  Tincture. 
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and 


Add 


V.  Pharmaceutic  Incompatibility. — 

2^.  H;-0  to   Tincture   Gu;nac     }     =  White   pre-     |Rcsin. 
HiO  to   Spirits  Camphor    J  cipitatc.        J  Camphor. 

HjO  to  Tincture  Cinchona^ Brown  precipitate.     Resin. 

^    ^-     Anui JJBmwn   precipitate    (NaC! 

Aqu»    •■-■:■•■ 5  h      resin). 

Tinctura  Cinchona...  5  J      *^-"v- 

29.  Alcohol -f  (1)   and    (^>  =  White  precipitate. 
Alcohol  +  saturated     solution      NaCl^  White     precipitate. 

water :     Redissolves. 

30.  9-    Ac.    Carbol.    Iiq...gtl.    20. 

Aquae   10  c  c. 

Ft.  solution. 

(How  can  this  be  brought  into  solution?^ 

31.  5^.     Tincturx   Ferri   Chlor.    \  Greenish-brown  precipitate  of  iron 

Tinctur*  Cinchona         J       tannate. 

EXERCISE    a— ISOLATION    OF    FIXED    ORGANIC    PRINCI- 
PLES (ASSAYING). 

Study  in  connection   with  Chapters  iV  and  V,  pages  73  and  84  to  86. 

I.   laolation   of   Alkaloids. —  (Nux  Vomica.) 

This  experiment  <a  modification  of  the  Stas-Otto  method)  is  in- 
tended to  illustrate  the  principles  employed  in  isolating  alkaloids  and 
glucosids  from  organic  mixtures,  such  as  plants,  stomach  contents,  or- 
gans, etc.  Two  students  may  work  together.  This  is  the  method  gen- 
erally used  for  the  isolation  of  organic  pijisons  in  toxicologic  analysis. 
It  rests  on  the  different  sohibilily  nf  iho  cnn';litnents  (if  the  mass  in 
successive  solvents.  It  may  be  represented  diaKTamatically  as  fullows: 
Extraction  with  boiling  dilute  tartaric  acid, 


Solution :      Evaporation      and     ex- 
traction with  alcohol. 


Solution  :     Evaporation  of  alcohol 
and  extraction  with  water, 


Extraction  of  acid  solution  with 

ether,, 


Addition  of  ammonia  to  watery 
solution,  liberation  of  alkaloid, 
extraction  with  ether. 


Residue ;      Coagulated    Frotcid, 
Fiber,  Fat. 


I 

Residue:     Salts,   proteids,   fats. 


Residue :     Resins,     fats,     volatile 
oils,  croton  oil,  chlorophyll,  etc. 


":         I 

Ethereal  Layer:  Neutral  princi- 
ples, glucosids,  cantharidin,  caf- 
fcin,  and  some  other  alkaloids. 


Acidulation,  alkalinisation  with 
ammonia,  extraction  with  acetic 
ether,  chloroform,  or  hot  amyl 
alcohol. 


Ethereal 


Layer:    Bulk 
loids. 


of    alka- 


n 


I 

Ethereal  Layer:     Morphin. 


Watery    Layer:     Inorganic    Poi- 
sons. 
Record  your  observations  in  every  step  of  the  process 
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I.  Extraction. —  To  a  mixture  of  .v>  Cms.  of  ha^licd  meat  and  ,i  Cmv 
of  powdtred  mix  vomica  add  about  loo  c  c.  of  water,  and  a  pinch  v\ 
tartaric  acid.  l3oil  for  ten  minutes.  Cool.  Strain  through  CanM" 
flannel.     Reject  the  solid  residue. 

£.  Rcmmal  of  Salts,  Protetds,  and  Fats, —  Add  almut  to  Gwv  of 
sand  to  the  strained  solution,  and  evaporate,  fir*t  on  i\  free  flame.  llicn 
■on  water  liath,  to  a  paste  Add  40  c.c.  of  95%  alcohol,  let  siaml 
10  minutes  or  lontfer,  with  frequent  stirring;  and  filler.  The  *jlt*. 
protcids,  and  fats  arc  left  on  the  filter,  since  they  are  insolubk  in 
alcohol.  These  are  rejected.  The  alcoholic  solution  contaiti»  iJw  or- 
ganic poisons. 

J.  Hcmozal  of  Hesins,  Fats.  etc. —  Dilute  the  fflcohoHc  solmj-r  •""' 
an  equal  volume  of  water.  This  precipitates  the  above  in  ;> 
(active  resins  and  croton  oil  would  he  foimd  in  this  precipitate)  !  ' 
Reject  the  precipitate.  Evaporate  to  near  dryness,  to  remove  the  alco- 
hol. Dis«iolve  the  residue  in  50  c.c.  of  water  Filter.  Assure  your8f^^ 
that  the  filtrate  is  acid. 

4.  Rt'tthival  of  Neutral  Princiftcs  and  Some  Oih^r  fm^ritifJ-' 
Place  ihc  solution  in  a  separating  funnel,  add  2$  c.c  of  ether,  anJ 
shake  with  a  gentle  rotatory  m*i!iun  for  ton  minutes.  Set>araie  thf  t»o 
layers, '  The  ethereal  layer  would  contain  the  neutral  prinnpl'*. 
which  would  he  obtained  by  evaporating  ihe  ether.  In  the  present  in- 
siance,  the  ethereal  lay.er  is  rejected.  Tlic  watery  layer  contain*  tl* 
alkaloidal  salts.     It  is  treated  by   (5). 

5.  Extraction  of  Athaloids. —  Replace  the  watery  soltilion  of  4  in  **" 
separating  funnel  Add  ammonia  until  it  !«i  frcclv  alkaline  (thi*  It- 
erates the  free  alkaloids,  which  are  soluble  in  ether.  The  alkal-^dJ 
salts  are  insoluble  and  were  therefore  not  extracted  in  4).  Add  J?  c^ 
of  ether  and  shake  with  a  rotatory  motion  for  10  minuter  L*i  t^' 
liquid  separate,  and  draw  ofl^  the  watery  layer  (which  would  coiitii" 
morphin);  this  is  rejected.  The  ethereal  layer  contains  most  rti  ihf 
alkaloid.s.  Distill  off  the  ether.  Test  some  of  the  residue  for  Strychnin 
by  Exercise  10,  No.  l,  a;  and  Brncin,  Exercise  10.  Xo.  1.  h:  drsyilvf 
another  portion  in  a  little  dilute  sulphuric  acid,  inject  into  a  frog,  *^ 
note  the  convulsions.  (The  ether  extraction.s  would  be  rcpcatciL  •** 
practice,  as  long  as  they  would  take  up  any  alkaloid.) 

II.  Alkaloidal   Assay. —  (Demonstration.) 

The  U.  S.  P.  prtKfss  for  Belladonna  is  tj-pical  of  the  nujontf  ^ 
assays  (with  the  important  exception  of  opium).  It  consists  io  a  nk)d»- 
fication  of  Keller's  method: 

Place  10  Gm.  of  Belladonna  tn  an   Erl«imc>-er  fltA   v.v\  t" 
50  c.  c.  of  a  mixture  of  chloroform  1  part  and  ether   :  ') 

by  volume).     After  inserting  tlie  stopper  securely  ^i  J 

to  stand  ten  minutes,  tlien  add  2  c.  c    of  ammonia   w^tcr  ^-^^^ 
with  3  c.  c.  of  distilled  water,  and  shake  the   flask  well  at  fre- 
quent intervals  during  an  hour,     lljen  transfer  the  "   ' 
small  percolator  which  has  boen  provided  with  a  pir  '' 
packed  firmly  in  the  neck,  and  inserted  in  a  scparaiur  Lti' -    J 
6  c.c.   of  norm,   sulphuric  acid  diluted  with   20  c.c.  of  (iiitil'*" 
water.     When   the   liquid    has   passed   clear   through  the  '^''['J 
pack  the  Belladonna  firmly  in  Ihe  percolator   with  a  gla*^     ,, 
rinse  the  original  flask  into  the  percolator  with  successive  *JTi- 
portions   (5  c.c.)   of  the  chloroform-cther  mixlurc,  itsinv    " 
50  c.c.    The  separator  should  not  be  filled  more  than  t*'"  ' 
Next,  shake  the  separator  well  for  one  minute,  after  "■»"■■ 

'  tf  Ihe  solution  rpfusm  to  stparate,  urocted  hy  footnote,  pafv  Ijj  ^ 

S.  M.,  S<M.  I  10  4. —  Meat  mlxiurt;  Canton  flanneL  1   ft.  square  <ooef<*** 
two  «tudrnt«>:   water    liattis;   ftrnaratory    funn^U. 

5.  M..  No.  s>—  Still  Willi  water  bath  for  Ether.     Prog  and  |>ipctt& 
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Inwrting  the  stopper,  and  when  the  solutions  have  completely 
separated,  draw  off  the  acid  solution  into  another  separator.' 
Add  to  the  chloroform-ether  mixture  10  c.  c.  of  sulphuric  acid 
mixture  of  the  same  strength  as  before.  aRitate  well  but  not 
violently,  and  agfain  draw  off  the  acid  solution  into  the  second 
separator.  Repeat  this  operation  once  more.  Introduce  into  the 
acid  solutions  contained  in  the  second  separator  a  small  piece  of 
red  litmus  paper,  then  add  ammonia  water  until  the  liquid  is 
distinctly  alkaline,  and  shake  out  with  three  successive  portions 
of  chloroform  15,  15,  and  5  c.c  ;  collect  the  chloroform  solutions 
in  a  beaker,  place  it  on  a  water  bath  containing  warm  water,  and 
allow  the  chloroform  to  evaporate  completely. 

To  the  alkaloidal  residue  add  3  c.  c.  of  n/m  sulphuric  acid 
and  5  drops  of  hemotoxylin  or  iodeosin  test-solution,  then  titrate 
the  excess  of  acid  witli  n/w  potassium  bydroxid.  Divide  the 
number  of  c.c.  of  n/w  KOH  itsed  by  5  (to  reduce  it  to  n/w)' 
subtract  Ihe  quotient  from  3  <the  3  c.c.  of  n/io  HiSOJ,  and 
multiply  the  remainder  by  0.0287  (i  c.c.  n/i*^ 00387  Gm.  of 
atropin),  and  this  product  by  10  (to  refer  it  to  100  Cm.  of 
drug)  :  the  result  gives  the  percentage  of  alkaloids  contained  in 
the  Belladonna. 

III.  Physiologic  Standardization. —  (Demonstration.) 

Drugs  which  do  not  contain  alkaloids  often  do  not  lend  themselves 
to  chemic  standardization.  In  some  of  these  cases,  the  strength  of  the 
drug  may  be  estimated  by  its  physiologic  activity.  The  just  fatal  dose 
is  generally  the  most  definite  end-reaction.  This  physiologic  (or  phar- 
macologic) assay  is  utilized  especially  for  drugs  belonging  to  the 
Digitalis  group.     The  method  is  described  by  Edmunds  and  (Tushny: 

Ten  c.  c.  01  tincture  of  digitalis  are  e\-aporated  on  a  water  bath  to 
about  half  (to  eliminate  tht  alcohol)  and  made  up  to  the  original  vol- 
ume with  water.  Three  frog;;  of  abmit  the  same  size  are  selected, 
carefully  weighed,  and  identified  by  strings  tied  to  different  legs.  The 
solution  is  now  injected  into  the  anterior  lymph-sac  (see  page  795)  ; 
frog  I  receiving  0.45  c.c;  frog  2,  0.3  c.c;  frog  3,  0.15  c.c.  (It  is 
better  to  dilute  the  tincture  three  times,  so  that  it  may  be  more  easily 
measured.)  At  the  end  of  one  hour  from  the  time  of  each  injection, 
expose  the  heart  of  each  frog.  The  proper  end-reaction  exists  when  the 
heart  has  just  ceased  beating,  with  the  ventricle  in  systole,  and 
the  auricles  markedly  distended.  If  all  three  hearts  are  still  beating, 
the  experiment  must  he  repeated  with  larger  doses;  if  all  the  hearts 
have  been  dead  for  some  time,  smaller  doses  must  be  chosen.  The 
standard  dose  corresponds  to  about  0,007  c.c.  of  (10%)  tincture  per 
gram  of  frog. 

IV.  Purity  Test*. —  (Optional).     See  page  72. 

Some  of  the  most  important  purity  tests  are  illustrated  by  the  fol- 
lowing examples,  abstracted  from  the  U.S.  P.: 
I.  Sodii  Bromldum: 

(a)  If  I  Gm.  of  the  salt  be  dissolved  in  10  c.c.  of  water  and  o.l  c.c. 
of  n/i»  HiSO»  be  added,  no  color  should  he  produced  by  the  subsequent 
addition  of  a  drop  of  phenolphthalein  T.  S.'  even  after  boiling  (limit 
of  aikali). 

(b)  If  to  10  c.c.  of  the  aqueous  solution  of  the  salt  (i  in  20)  i  c.  c. 
of  chloroform  be  added,  and  then  chlorin  water  which  has  been  diluted 

^  If  the  liquid  refuses  to  separate  or  emntsifies.  proceed  as  follows:  If  the 
•olvcnt  i>  liKhter  than  water  (as  in  the  present  cate)  add  lotne  saturated  lolutipa 
of  s^ium  chloride;  if  the  solvent  is  heavier  than  water,  add  more  ■olTcnt,  s 
little  water,  and   a  »mall   amuunt  of  alcohol. 

S.   M.,  Ntis.   H  and  III;  see  text. 

'  T.  S.=  PharmacopoHal  trf^t -solution.  The  pbarmacoptBial  strcagth  of  reagents 
are  to  be  used  throughout  ihe»e  tests. 

I— S3 
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with  an  equal  volume  of  water  be  cautiously  introduced,  drop  by  df 
with  cuustaiu  ngiuiioii.  ihf  libcrateU  bromin  will  dissolve  in  the  d 
roform,  imparting  to  it  a  yellow  to  orange  color,  free  from  any  v(ol«f 
lint   (absence  of  iodid). 

{c)  The  aqueous  solution  of  the  salt  (I  in  30),  slightly  acidubtrd 
with  HCl,  shonld  not  respond  to  the  Time-Limit  Test  for  hfOty  mflaU 
(see  next  number). 

{d}  U  diluted  HiSO.  be  dropped  upon  wme  of  the  powdered  salt, » 
yellow  color  should  appeah  at  once  (absence  of  bromatf) 

ie)  Ten   c.  c.  of   the  aijucous  solution  of  the  salt    (i    in  jo*,  wbcaj 
aci<lulated    with    hydrochlorid    acid,    should    not   )>«   rendered   iiirbid 
the   addition    of    i    c.  c.   of   potassium    sulphate   T.  S.    (abwncc  o! 
niim). 

(/)   If  0..1  Gm.  of  the  well-dried  sail  be  dissolved  in  about  50  tc 
water,  and  2  or  3  drops  of  potassium  chrnmate  T.  S.  be  added,  it  !ihnii!4 
re<|u'rc  not  less  than  28.5  nor  more  than  30  c.  c.  of  n/u  Ag  NOi  to  pfo- 
dnce  a  permanent  red  color. 

a.  Time-Limit  Test  for  Hc«vy  Met«li: 

The  test  consists  in  the  successive  addition  of  HO.  H>S.  and  N'H.0K*1 
no  turbidity  or  color  should  develop  at  any  time  under  the  cnnditwxtt,^ 
as   compared    with    a   control-sample   nf   H,S    sohition,   treated  in  ihe 
same  manner.     The  test  discovers  the  presence  of  harmful  quantilic*  of 
Sb.  As.  Cd,  Cu,  Fe.  Ph.  or  7,n,     Tlic  details  are  as   follows 

Ten  c.  c.  of  a  solution  of  the  substance  in  distilled  water  ( 1  m  JOI 
contained  in  a  test-tnbc  of  about  40  c  c.  capacity,  are  acidulated  w; 
1   c.  c.   of  diluted    HCl    (unless   otherwise   directed),    warmed  to  aV»ttrj 
50*  C,   and    an   equal    vohunc    of   freshly    prepared    hydroRen   s;!lphi4i 
T.  S.  added,  and  the  mixture  allowed  to  stand,  in  the   well-stoppcrei 
test-tube,  in  a  warm  place,  at  35"  C  for  at  least  half  an  hour     AkJ« 
end  of  this  time  any  coloration  or  turbidity  is  carefully  noted,  ammo- 
nia  water  is   added   in   excess,  and   the  solution   again  examined  ht  « 
coloration   *  .*  turbidity.  ^ 

Before  ti?  addition  of  the  ammonia  water,  the  mixture  should  Uill  ^| 
possess  the  odor  of  HjS;  if  it  docs  not,  it  should  be  thoroughly  utir- ™ 
rated  with  the  gas  and  again  set  aside  for  half  an  hour. 

Any  change  in  the  color  of  the  sohition  which  is  beinfc  tested  *1kmW 
be  noted  by  comparison  with  the  same  volume  of  HjS  solution  (which 
ha<  been  likewi.se  acidnlatctn,  when  viewed  by  reflected  light  win'* 
held  against  a  white  surface. 

3.  Ferri  Sulphas: 

[a)  When  slowly  healed  to  115*  C,  the  ciystals  lose  jftS?^  of  tbcif 
weight. 

l^)  If  I  Gm.  of  the  salt  he  dissolved  in  about  2^  c.  c.  of  watrr.  <""' 
laining  i  c,  c.  of  diluted  ILSOi,  the  solution  heated  to  boiling,  oxirftiw 
with  IINOj,  and  then  mixed  with  a  slight  excess  of  ammonia  »>tf'' 
the  filtrate  from  the  reddish-brown  preciphate  produced  ^Ii'HiM  ^ 
colorless,  and.  after  acidulating  with  hydrochloric  acid,  shoatrf  (^ 
respcnd  to  the  Time-Limit  Test  for  hcaty  metals  (sec  preceding  ow"** 
ber ; . 

(c)   If  anolhtr  portion  of  the  salt  be  oxidized   and  pif- 
directed   above,   the    filtrate,   an   evaporation    to   dryness   ar 
should  not  leave  any  weighablc  residue  (absence  of  salts  of  rnr  jt*"- 
tiirtaU). 

id)  If  I  Gm.  of  the  salt,  in  small  fragments,  be  agitated  diir*'*  ^ 
or  5  minutes  with  to  c.c.  of  alcohol,  the  filtrate  should  not  rf*!*" 
moistened  blue  litmus  paper  (absence  oifree  acid). 

(V)  If  1.38  Gm.  of  the  «alt.  in  unefllorcsced  crystals,  be  disso'^v 
in   about   25  c.c,   of   diluted    H5SO..   not   less   than   49.75  c.c  of  **'• 
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KM11O,  should  be  required  to  impart  to  the  liquid  a  permanent  pink 
color    (each  c.c.  mdicatnuf  2%  of  crystallized  FeSO.). 

»4.AcetphenetIdlnam: 
(tf)    Melting  point  =  134*  to  135°  C. 
it)   It  0.1  Gm,  of  the  suhstancc  be  boiled  with   10  c.c    of  water,  it 
should   yield   a   M^lution   which,    when  cooled   and    filtered,   should   not 
become  turbid  upon  the  addition  of  bromin  T.  S.  in  *ilight  excess   (ab- 
sence of  acittamiid ) . 

(c)  If  0.1  Gm.  of  the  substance  be  boiled  for  one  minute  with  3  e.  c. 
of  solution  of  NaOH  (i  in  j),  the  solution  cooled,  and  then  afintaied 
with  5  c.  c.  of  a  solution  of  chlorinated  soda,  there  should  l>e  produced 
a  clear  yellow  liquid,  and  nut  a  purplish-red  or  brownish-red  cloudy 
liquid  or  precipitate  (absence  of  act-ta»ilid). 

id)  A  mixture  of  o.j  Gra.  of  Acetophenelidin  with  I  c.c.  of  ooflt' 
alcotiol  should  not  acquire  a  red  lint  when  diluted  with  3  times  its 
v.iliime  of  water  and  boiled  with  one  drop  of  n/w  iodin  (ab*a»cc  ol 
parafhi'tu'tidin  \_ 

S*  Chloroformum: 

K(d)   Speci6c  gravity:  not  below  1-^76  at  25*  C. 

Hp<fr)  If  10  c.c.  of  Chloroform  be  poured  upon  a  piece  of  clean,  odor- 
less filter  paper,  laid  flat  upon  a  warmed  glass  plate,  and  the  plate  be 
rocked  from  side  to  side  until  the  liquid  is  all  evaporated,  no  foreign 
odor  should  Income  perceptible  a*  the  last  p«irlion*  di'tappear  from 
the  pai)er.  and  the  paper  should  be  left  odorless. 

(»■>  If  10  c.  C-  of  Chloroform  be  well  shaken  with  20  c  c.  of  distilled 
water,  and  the  liquid  lie  allowed  to  separate  completely,  the  water 
ftbouJd  be  neutral  to  litmus  paper,  and  should  not  be  affected  by  «ilver 
nitmte  T.  S.  (absence  cf  chlonds).  nor  colored  by  pot,  iodid  T,  S,  (ab* 
Mtice  of  frff  cbhn'm). 

id)  If  40  c. c_  of  ChloToiorm  be  shaken  with  4  c.  c.  of  colorlet*,  con- 
cenlrainl  HiSO.  in  a  50  c.  c.  glass  stoppered  cylinder  during  20  min- 
uter. aiKl  the  ItqvMis  be  then  allowed  to  separate  comnletely.  ui  that 
both  are  transparent  the  Chloroform  chould  remain  colorleA«.  ami  the 
acid  should  appear  colorJe^s.  or  very  nearly  so,  when  •^ceii  tti  a  itratum 
of  noi  le«s  than  1^  Mm.  in  thickness  (absence  of  imfiurifUi  dfCOM* 
pojabU  by  s%iphmnc  rncid). 

ir\   If  2  cc  of  the  solpharic  acid,  separat--  ' 
be  dilated  with  5  cc  of  distiDed  water,  the  i:  , 

and  dear,  and.  while  hoc  from  the  nrixing.  should  .  or  ;c>ve 

but  a  lamt  fxnoos  or  ethereal  odor  <ab«cncc  <A  o4-  mpoiiuon 

produttsy.     U'hen   ffwtbei    <fihited  with    fo  c.  c.    01    •nfimrfi    water,   it 
yhonld  fcnani  dear,  and  sbovM  not  be  affected  by  sitrer  nitrate  T.  S. 

Jybsencc  of  cki^rimaied  4fcom^i>siiicn  prodiuU). 

^C*>  SoKsfic  Gnvity:  a7i6  to  ayi?  at  2;*  C 

ib^  ElfaT  ihoald  boil  when  a  tes4-ti^  ronUiiiing  tone  hrolcra 
slaEt»  aad  half  filM  with  it,  ts  bdd  lor  aonc  tame  cSofcly  grasped  in 
the  hand 

f  r>  The  ailor  of  Kgli  Use  lilatts  paper  moii»<wed  vidi  water  iboaUl 
twt  he  ilMMtd  to  red  when  the  paper  n  immttttd  m  Ether  tfor  >o 


Upoa  gijpofMiim.  Elher 
Chfa<t>«orm.  <»). 
JDCC  of  EdKr  a 
of  wMcr;  fma  pmiOMij 
n-pai  itiim.  ihoM  vcmwc  n 
ir«^«r  smounf  ^f  olr#haf  «r  voter) 
\Xi  If   K>  cc  of  EtfwT  be  ifaa 


V  fltthsa^  n  a  jpraditmd  t^bc*  ww 
■ttT"**^  wilh    Ether,   ikt  csher-tawa^i 
!  not  leaa  ihaai  r^2  cc  j  Aarnte  of  a«i 
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wiih   I  c.  c.  of  pot.  hyHroxid   T.  S.,  no  color  should  be  developed  lo 
either  liquid   (absence  of  aldehyd). 

EXERCISE   10.— SPECIFIC  REACTIONS   OF   IMPORTAXl 
ORGANIC  DRUGS. 

Study  after  Chapter  V.  Two  students  may  work  tORetlKt 
Tlic  mam  object  of  tliis  exercise  is  to  familiarize  the  student 
the  reactions  which  are  utilized  in  toxicologic  analysis.  It  n- '  '" 
remembcrerJ  that  impure  products  pvc  these  tests  very  imp 
They  may.  however,  be  applied  to  tablets,  capsules,  etc.,  csp$i.  4  : 
these  are  first  treated  as  in  Exercise  0.  I-  The  tests  need  nu\  bf 
memorized.  The  results  .should  be  entered  in  the  notes.  Tht  phy* 
iologic  tests  should  not  be  tried  at  this  time.  Dcuiled  reference  to 
them  will  be  found  in  the  Index.  When  the  dry  substance  is  us«!. '*'« 
reaction  is  performed  on  a  glass  slide  or  watch-glass,  placed  an  wliKf 
paper;  or  on  a  porcelain  slab.  A  piece  of  broken  evaporatms  '''^'' 
may  be  used  if  the  reaction  requires  heat.  A  mere  trace  m*  ''i^  "'" 
stance,  about  a  millipiram.  should  be  employed.  When  j^olnti 
used,  the  reactions  arc  generally  made  in  a  tcsl-tube  nr  capsul-. 
student  should  remember  tliat  he  is  handling  very  strong  poisons 


I.  ALKALOIDS. 

t.  Strychnin. —  To  a  trace  of  the  powdered  alkriloid  add 

(o)    A  drop  of  cone.  HaSO*:  no  change;  then  a  small  crystal  KiCr 
Play  of  colors  through   blue,  violet,    red,  orange   (Otto) 

(M   A  drop  of  cone.  HNO, ;  heat  gently:  with  most  Aamplet  a  jtl 
color,  due  to  Briicin. 

(t')  Determine  the  dilution  at  which  the  bitter  taste  of  slO'd''^'*' 
just  disappears  (begin  with  i  :  50,000;  to  S  c.  c  of  thi"!.  adJ  watrr  m 
portions  of  i  c.  c. ). 

(PhysioI(»Ric  lest:  peculiar  convulsions  in  frogs.} 

3.  Brucin. —  (a)  Tn  a  little  of  the  powdered  alkaloid  add 
drop  of  nitric  acid:  lilood-red  color.  Add  a  few  drops  of  i*** 
thiosulphalc   (hyposulphite):  violet  color   ( Cotton  > 

(h)  To  some   powdered   Nux   Vomica  add  a  drop   of  cone.  HM 
orange  color,  due  to  Brucin. 

3,  Caffcin. —  Moisten  some  powdered  alkaloid  with  nn 
low  to  orange  color.     Evaporate  the  excess  of  acid  on  v 
expose  to  ammonia  vapor;  garnet  to  purple  color  (Murexid  tctcIwi' 
Stenhousc,   Rochleder). 

4.  Morphin. —  (a)  Tn  a  i  :  i.ooo  solution  add  a  little 
iotlate  solution,  a  few  drops  of  dilute  sulphuric  acid,  and 

other  reducing  substances   (Mnhr). 

ih)  To  a  little  (j%)   atjufous  solution  in  a  test-tube  add  a  dnf 
ferric  chloric;  blue  color   (Schaer). 

(r)  To  a  trace  of  powdered  alkaloid  add  a  drop  of  nitric  Ki« 
heal :  orange  color. 

(d>  To  a  trace  of  dry  alkaloid  add  a  drop  of  fresh  Marquis*  (Kowni 
reagent   (cone.  HsSO,,  20  re;  40%   formalin,  I   c. c  ).     Play  of 
from  purple-red  to  violet  blue.' 

*  This  rrajtcnt  Rives  somewliat  similar  rcadion*  wtih  |ih«noU  mbH  ilmr  *^ 
livr*  (carltotic  acitl.  wlicylic  acid,  rciorcin,  etc.).  (Oiit)<»«»l  <-^prfi<i»f  Uj-.  *_- 
color  in  Il-r  coli)  i%.  however,  nrnrr  pink  than  with  ni.-" 
the  only  nnr  which  could  pvc  riw  to  a  mistake.  Tht- 
thc  acidulated  snlmion  until  it  ceases  to  give  the  pbenut  . 

S.  M— Watcrbaths. 
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(e)  Mix  a  trace  of  dry  alkaloid  with  an  equal  qiiamitv  uf  airiinon. 
molybdate,  and  add  a  drop  of  concentrated  sulphuric  acid  (  Frochdc's 
reagent):  violet  color.  changiiTg  to  deep  Itlue. 

if)  To  a  few  drops  of  (2%)  aqueous  solution  in  a  test-tube  add 
about  2  c.  c.  cone.  HCl  and  a  few  drops  of  cone.  HsSO*,  Boil  in  water 
bath  for  one-half  hour:  Ajwmorphin  is  formed,  see  No.  7  ib).  Neu- 
tralize with  NaXOi  (solution)  and  add  a  drop  of  alcoholic  Todin: 
emerald  color.  Shake  wiili  clhcr:  this  takes  a  violet  color  (PcllaRri's 
reaction  —  also  given   t)y  codein). 

5.  Codein. —  Place  a  little  of  the  dry  alkaloid  in  a  capsule  and  add 
a  few  drops  of  cone.  HiSOt:  faini  greenish,  then  violet  color.  Add  a 
drop  of  cnnc.  HNO>:  plays  from  yellow  to  purple. 

6.  Meconic  Acid  (serving  as  a  test  for  opium). —  Dilute  a  few 
drops  of  imci.  opii  with  water  and  add  drop  of  ferric  chlorid :  red 
color,  not  bleached  by  HgCIa. 

7.  Apomorphln.—  (a)  To  a  trace  of  dry  alkaloid  add  a  drop  of 
nitric  acid :  blood-red  color. 

(b)  To  a  few  drops  of  I  1500  watery  sohition  (note  the  green 
color)  add  five  drops  of  NasCO«  and  a  drop  of  alcoholic  iodin:  emerald 
color.     Shake  with  ether.     This  becomes  violet. 

8.  CocAin.T— (d)  Heal  a  little  drv  cocain  in  a  test-tube  with  a  few 
drops  of  alcohol  and  of  cone.  HjSOt :  fniitv  odor  of  methvl-bcnzoatc 
(Biel). 

(b)  Boil  20  drops  of  a  fresh  1%  watery  solution  with  20  drop\  of 
5%  sulphuric  acid  for  a  few  minutes;  neutralize  exactly  with  NaOH 
and  add  a  drop  of  FcaCU:  brown  precipitate  of  ferric  bcnzoaic. 

(f)  A  mixture  of  cocain  and  calomel  is  blackened  by  moistening, 
with  dilute  alcohol   (  Fliickiger). 

( Phy*.io|oKic  test:     Local  anesthesia.) 

9.  Atropin. — Place  a  trace  of  dry  alkaloid  in  a  test-tube.  Add  to 
drops  of  cone.  H«SO,,  ami  heat  until  it  hcconies  brown;  then  add  2 
volumes  of  water:  characteristic  odor,  resembling  tuberose  (Gulichno), 
strengthened  by  KMnO,  (Reuss). 

(Physiologic  test:     Oilati'm  of  pupils.) 

91-3.  Physostigmtn. —  (Of*tional.) — (Notice  pinkish  color.")  (a) 
To  I  :  i.ooo  aqueous  .sohition  add  i  drop  of  NaOH  :  red.  becomes  green 
on  heating,  and  returns  to  red  on  cooling.  Add  Sulphurous  Acid: 
again  colorless    (Eber). 

(b)  Evaporate  some  solution  with  a  few  drops  of  NH.:  red  color, 
leaving  dry  blue  residue.  Add  water:  blue  solution.  Add  Acetic  .\cid: 
violet  in  transmitted,  coppered  fluorescent  in  reflected  light. 

(Physiologic  te^tr     (Jonstriction  of  pupil.) 

10.  Veratrin. —  To  a  trace  of  powdered  alkaloid  add: 

(a)  A  drop  of  cone.  H^SO*:  yellow  color.  Apply  heat  :  the  color 
changes  through  orange  and  deep  scarlet  to  a  beautiful  violet  red. 

(b)  A  drop  of  cone.  HCl  and  heat:  red  color  (Trapp). 
(Physiologic   test:     Peculiar  action  on   muscle) 

11.  Quinln. —  Use  a   saturated  aqueous  solution  of  qninin  sulphate. 

(a)  Notice  the  blue  flvinresccnce,  best  seen  by  drawing  the  solution 
into  a  pipette.     This  is  increaiied  by  acids,  diminisheri  by  NaCI, 

(b)  Thallcioquin  Reaction:  .\dd  2  drops  of  Rrnmin  Water  and 
then  cautiously  an  excess  of  annnnnia.  An  emerald  color  results,  which 
is  changed  to  red  by  HCl.  Hf  a  very  '^mall  f)uanlity  of  ammonia  is 
used,  the  color  may  be  magenta.)      ( Brandes.  Andre.) 

13.  Epinephrin. —  To  some  t  :  50,000  solnlion  of  adrennlin,  or  to  a 
dilute  extract  of  suprarenal  gland,  add  some  ferric  chlorid,  drop  by 
drop,  as  long  as  the  color  darkens:  a  green  color  develops.  Add  some 
NaOH:  the  color  changes  to  a  dark  brownish-red   (Vulpian's  Girotno- 
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gen  Reaction).     Dilute  solutions  of  cpinephrin  turn  pmk  on  proloafed 
standing. 

(.Physiologic  test;     Rise  of  blood  pressure.) 

(The  following  alkaloids  are  idcntiBed  especially  by  physiolugic  teiU: 
Aconilin:  prickly  taste,  action  on  frog's  heart. 
Coiiiiti,  Nicoiin:  odor.  paraly«>i&  of  ganglia,  of  motor  endings^ 
Curare:  paralysis  of  motor  endings. 
Pilocarpm:  salivation.) 

n.  GLUCOSIDS  AND  NEUTRAL   PRINCIPLES. 

13.  DigltAlin. —  Use  a  trace  of  the  dry  substance: 

{a)  Add  a  drop  of  FcsCI*.  and  of  cone.  HiSO*,  without  mi^H 
carinin  to  violet  zone,  changing  to  indigu   (Kiliani). 

{b)  Dissolve  in  glacial  acetic  acid  in  test-tube.  With  a  gUw  rod. 
add  the  merest  trace  of  FeaCU.  Add  e<iuai  volume  of  cone.  H.SOt 
without  intxing:  persistent  camiin  zone  (Keller). 

{Pi^itffxin  also  gives  a  characteristic  reaction  with  (fr),  tb<  '<x* 
changing  from  dirty  brown  to  bUie-green  and  indigo.) 

( Phy.siologic  test:    Slowing  and  systolic  standstill  of  frog's  hurt  I 

14.  Santonin. — 

((i)  Dissolve  a  little  in  alcohol,  add  a  small  piece  of  dry  KOH.*"!* 
warm:  reddish-green  to  yellow  color   (Ranfi). 

{b)  To  a  trace  of  the  dry  substance  add  a  little  concenlraicd  wi'* 
phuric  acid,  and  a  dnfp  of  ferric  chlorid,  an<l  heal .  dark  red  colo^ 
changing  to  violet  brown. 

((>   Santonin  in  urine;     Consult  Exercise   13. 

14  i-a.  Picrotoxin.— (a)  Note  the  intensely  bitter  ta^e  (one!  4"<* 
of  I  :  1,000  solution  on  tongue). 

(b)  Mix  an  equal  quantity  (trace)  of  picrotoxin  and  powd'.'f™ 
potassium  nitrate;  add  a  drop  of  concentrated  sulphuric  acid,  and  ihf 
drop  by  drop,  a  strong  sodium  hydrate  solution:  brick-red  color  (Lw*" 
ley's  Reaction). 

(Physiologic  test:    Peculiar  convulsions  of  frog.) 


lU.  COAL-TAR  DERIVATIVES. 

15.  Carbolic  Acid,—  Use  3  :  1.000  solution. 
(a)   Add   FcjCU:  blue-violet  color. 

(h)  Add   bromin   water:  yellow  precipitate  of  needle-shaped  fff^' 
(Landoh). 
(c)  Add   Millon's   reagent  and   heat:  blood-red  color  or  prfcipw** 

(PIURgc) 

(ii)  Note  that  the  reaction  of  Rtrong  carbolic  acid  to  litnw*  P"P 
is  nciilral 

16.  Resorcln.— To  a  trace  add  some  NaOH  and  CHO.:  P'» 
color   (Keillor) 

17.  Acetanilid.—  (a)  Heat  some  of  the  powder  with  NiOH  **'•: 
tion:  Dissolves,  with  odor  of  aniltn ;  add  a  few  drops  CHCLj^ 
heat  again:  Odor  of  phenyl-isonitril  (resembles  witch-hajel).  1^^ 
reaction  is  also  given  by  anilin  (see  first  edilrtm.  pagt  ;*0l;^ 
phenacelin.  etc]      (Hofmann.)  . 

(h)   Roil    with  cone.    HCl.  add   equal    volume   5%   CHiO  »n«l  Jl?: 
volume    calx    chloraia :     Red    turbid    fluid.     Supersaturate    with   N" 
Deep  blue.     (Berthelol,  Vnlpius. )  ^ 

(c)  Rub  together  equal  volumes  of  Acetanilid  and  NaNOa  afl<J  •** 
some  coiir    H^SO, :     Orange  liquid. 

18.  Phenacetln^— Gives  (o)  and  (6).  as  in  17-    Thete  iwrdnol^ 
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repeated.  With  {c)  gives  a  black  violet  color,  later  passing  into 
green. 

19.  Antipyrin. —  (a)  To  an  aqueous  solution  add  a  few  drops  cone 
Fc«Cl«:     Deep  red  solution:  +  HabO.:    Light  yellow  tCohn»  Knorr). 

(^)  To  an  aqueous  solution  add  some  Spirilus  .-Ktheris  Nitrosi. 
Slow  development  of  green  color  and  precipitate  of  isnnitroso-antipyrin. 

ao.  Salol. —  ia)  Alcoholic  solution  +FC7CI11:     Red-violet  color. 

(f»)  Dry  crystals  +  NaOH ;  heat;  Dissolves.  Add  cone.  HCl: 
Crystalline  precipitate  of  salicylic  acid  and  oHor  of  phenol. 


IV.  ORGANIC  ACIDS. 

ai.   Salicylic  Acid. —  Use   Sodium   Salicylate. 

ia)  To  a  dilute  solution  add  a  drop  of  ferric  clilorid  :  Red-violel 
color. 

<6)  Place  some  dry  salicylate  in  lcst-tul>e:  add  equal  parts  of 
methyl  alcohol  and  cone.  HaSO*  and  heat:  odor  of  methyl  salicylate 
(oil  of  wintergreen). 

33.  Benzoic  Acid. —  To  dilute  solution  of  sodium  bcnzoate  add 
drop  of  ferric  chlorid:  brownish-pink  precipitate.  Add  a  little  dilute 
HCl:  dissolves.  (A  while  precipitate  of  benzoic  acid  may  be  thrown 
<3own,  if  the  solution  was  conccntratedj 

3j.  Acetic  Acid.. —  Use  sodium  acetate. 

(a)  To  a  dilute  solution  add  drop  of  ferric  chlorid:  red  color 

(ft)   Heat  some  dry  acetate  in  a  test-tube  with  equal  volumes  of  alco- 
hol and  cone.  HjSO«:  odor  of  ethyl  acetate  (acetic  ether;. 
3.4.   Hydrocyanic  Acid. —  (a)   Notice  wlor. 

(7')  Impregnate  some  filter  paper  with  freshly  prepared  Tincture 
Guaiac,  let  dry,  then  pour  on  some  very  diluted  CuSO«:  expose  this  to 
tlie  vapor  of  1  ;  1,000  HCN:  Deep  blue  color  ( PaRenstccher,  Schiin- 
bcin,  Preyer.l.  Expose  another  paper  prepared  in  a  similar  manner  to 
the  vapor  of  NHi;  Green  color. 

<t)  Add  to  I  :  iX)0o  solution  some  FeSO*  and  FcrCU  and  a  few 
drops  of  NaOH;  boil,  let  stand  a  few  minutes,  acidulate  with  cone, 
HCl,  and  heal:  Green  to  blue  color,  or  precipitate  of  Berlin  blue 
(Hnsemann.  Ittner). 

35.  Oxalates. —  To  a  solution  of  potassium  oxalate  add  CaGs: 
Precipitate.  Add  acetic  acid  :  does  not  dissolve.  Add  dilute  HCl ;  solu- 
tion. 

V   HYDROCARBONS. 

36.  Alcohol. —  (Use  5%   solution.) 

(a  I  Add  snme  KjCriOi  and  dilute  HjSO.  and  warm:  Green  color 
and  odor  of  aldchyd  or  acetic  acid. 

ih)  Add  some  NaOH  and  lodin  solution;  heat  gently:  Odor  of 
iodoform;  and  precipitate  of  this  substance  may  be  seen;  examine  with 
microscope   (Lichen). 

(r)*  Place  a  pint  of  beer  in  a  liter  flask.  Stopper  tightly  with  a 
perforated  cork  bearing  an  upright  gla«-tubt*  of  a  bore  of  |4  inch  and 
at  least  4  feel  high.  Heat  slowly  to  lioiling,  and  continue  the  heat 
until  the  foaming  subsides.  Apply  a  lighted  match  to  the  upper  end 
of  the  tube :  The  alcohol  vapor  will  ignite,  most  of  the  watery  vapor 
bemg  condensed  in  the  l<mg  tube. 

36  1-3,  Methyl  Alcohol  fWood-Alcohol).— (a)  The  ttst  21  (*) 
may  he  modified  to  apply  to  methyl  alcohol. 

(b)  Test  for  the  presence  of  wood-aicohoj  in  f^rain  aJcohol:^  Apply 
th«  following  tests  to  two  solutions,  one  containing  10%  of  ethyl  alco- 

S.  M.     npmonstratioo  of  16  c  and  261-3  b;  plain  and  formaldehyd  milk. 
*  Deni>mitTation. 
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hoi.  the  other  5%  of  methyl  and  $%  of  ethyl  alcohol.  Detcrmint whidi^ 
sample  is  adiilleraicd.  Place  10  c.  c.  of  the  solution  in  a  Urge  tc 
lube.  Heat  a  spiral  of  copper-wire  red  hot  and  plunge  into  the  w 
lion.  Repeat  this  five  or  six  times.  (This  converts  methyl  ilrolwlj 
into  fornuJdchyd ;  the  further  test  is  for  this  substance.)  Filter. 
Boil  very  gently  imtil  the  odor  of  acctaldehyd  disappears  Pour  mto 
a  test-tube  and  cool.  Add  one  drop  of  14%  resorcm  solution;  shake- 
Pour  a  portion  of  this  liquid  into  a  second  icst-tube.  containing  c«l- 
centrated  sulphuric  acid,  held  in  an  inclined  position,  so  that  ibc  i«"Q 
liquids  do  not  mix.  Let  stand  three  minutes  and  rotate  slowly: 
n>^c-red  ring  indicates  methyl  alcohol  (due  to  formation  of 
maldehyd). 

37.  Chloroform.— Add  some  NaOH  and  a  trace  of  rcsorcin:  PiQ» 
color  (Crisincr.  Schwarx). 

a8.  Chloral. —  (0)   As  27:  gives  same  result. 

(b)  Dissolve  in  water  and  add  NaOH:  odor  of  chloroform. 

39.   Formaldehyd. —  Use  two  samples  of  milk,  one  pure,  the  ot 
mixed   with    i   :  5.000  absolute   formaldchyd. 

(d)   HcUncr's  Tt'st:     To  about  an  inch  of  cone.   H.-SOi  in  test-lobe 
add  few  drops  of  FcaCU  and  mix;  pour  on  formalin  milk  without  nil"! 
ing:     Violet  zone.     In  applying  this  lest  to  pure  formaldchyd  sololioM 
I  c.  c.  of  pure  milk  or  of  peptone  solution  must  be  added  to  5  lcoI 
the  formaldchyd  solution. 

{b)  Licbertttann's  Test:  Mix  some  of  ihc  formalin  solution  with* 
drop  of  5%  Phenol  solution  and  pour  cautiously,  without  raixmfc  <W 
some  cone.  H3SO4  in  test-tube :     Crimson  zone. 


VI.  PRELIMINARY  TEST  FOR  INORGANIC  POISONS 

30,  Reinsch*s  Test. —  Boil  a  slip  of  thin  bright  copper  foil  (al 
I  cm.  square)  in  a  test-tube  with  ro  c.  c.  of  concentrated  HC! :  V- 
reaipcnts  are  pure,  it  remains  bright.  Add  some  of  the  suspected  W 
(say  a  Kohition  of  arsenic)  and  bnil  again  for  half  an  hour-  a  rfsr 
stain  may  denote  As.  Sb.  Hg,  Bi:  no  stain  proves  the  absence  of 
metals 

31.  Preliminary   Teat    for    Phosphorus, —  Place    some   pbo«phoru> 
water  in  a  small   bottle;   stopper  it  loosely  and  between   the  cork  ww 
the  neck  of  the  Iwttle  suspend  two  pieces  of  filler  paper,  the  "O' 
pregnated    with   Silver   Nitrate,  the  other  with    Lead   .^cetate     If 
silver  paper  is  blackened  and  the  lead  paper  not,  tlte  presence  af  Ph^ 
phorus    is   rendered    probable,     (If  both   arc   blackened,   this  indicaM 
H=S.) 

(The  apparatus  for  distillation  with  steam,  the  Alitseherlich  ma  IW 
Marsh  apparatus,  may  be  shown  in  operation.) 

3«.  Inorganic  and  Organic  Iron.— Tlie  medicinal  iron  preparalintij 
are  either  salts  of  iron,  or  the  iron  is  a  firmly  bound  constituent  <>fj 
the  molecule.  The  first  class  ( inorganic  irons )  give  the  OfJiM^I 
iron  reaction:  the  latter   (organic  or  masked  iron)   n<>  not.  J 

(a)  Ma^alUtm's    Reaction:     This    is    the   most    delicate:   a  (Jn^  "^i 
fresh    Ji    hematoxylin    solution    gives    a    bluc-blnck    crdor  with  ii»^l 
ganic  iron  hut    not  with  organic.     The  test   is  best  applied  to  iJ»r  ^^ 
substance  or  concentrated  solution.     Confirm  that  the  following  prei"^*^ 
lions  are  correctly  classed  : 


inorganic:     Ferric  sulphate. 

Scale  salt  of  iron. 
Iron  albuminate. 


Organic:     Dried  blry>d 
Egg  yolk 
Iron  SomatftK 


{>•  M.~~  Steam-retort,  Mitscbcrlicfa  and  Marih  apparatttf^ 
S.  M--XO.    3i. 


lie  action  of  dilute  hydrochloric  acid  liberates  the  inorganic 
m  some  of  the  masked  compounds,  but  not  from  others.  To 
rate  this  add  a  Itltle  5%  hydrochloric  acid  and  a  drop  of 
m  ferrocyanid  to  ovofcrrin  and  to  egg-yolk,  and  boil ;  The  first 
e  Prussian  blue  reaction,  the  second  not. 

omc  alcohol  hardened  sections  of  spleen  in  the  ferrocyanid, 
ers  in  the  acid-fcrmcyanid  mixture.  Spleen  contains  loosely 
rganic  iron  (ferralin)  and  therefore  colors  in  the  acid  mixture, 
in  the  plain  tcrrocyanid. 

weetening  Agents. —  Determine  the  sweetening  power  of 
Glucose,  Lcvulosc.  Glycerin,  and  Saccharin,  as  compared  with 
e  Sugar.  Start  with  a  10%  solution  of  the  first  four,  and  a 
olution  of  saccharin.  (The  experiment  may  be  divided  be- 
•veral  students.)  Dilute  the  solution  to  be  compared  with  an 
amity  of  water,  and  continue  until  it  tastes  less  sweet  than  the 
far.  Then  try  two  dilutions  between  this  and  the  preceding. 
It  the  taste  differs  somewhat  qualitativt^ly.  Tabulate  the  con- 
as  multiples  of  cane  sugar  If.  1..  saccharin^joo  X  cane). 


^        SUPPLEMENT  TO  EXERCISE  10. 

receding  exercise  should  be  supplemented  hy  the  cxaminaiion 
Dwn  substances;  the  use  of  text-books  l>cing  permitted.     For 


substances 
Stions  sub- 
to     you 

V' 


1,  a  and  b:  Nitrogen? 

2,  a  and  b-  An  alkaloid? 

3,  0,  b,  and  c:     CafTein  nr  morphin? 

4,  a.  b,  and  c:     Opium? 

5,  a.  b.  and  c:     Veratrin  or  quinin? 

6,  a,  b,  and  c:     Salicylic,  hydrocyanic,  or  carbolic 

acid  ? 
An  oxalate  or  acetate? 
Phenacetin,  salol,  or  acetaniltd? 


7.  a,  b.  and  c: 

8,  a,  b,  and  c: 


RCISE   IL— DETECTION    OF   PRESERVATIVES   IN 
[  MILK. 


Study  after  Chapter  V  or  XVII. 
«  and  an  adulterated  sample  should  be  submitted  for  each 
student  being  required  to  detect  which  is  adulterated.  The 
X  proportions  may  he  used,  per  liter  of  milk:  Formaidehyd. 
of  formalin;  salicylic  acid.  0.2  Gm. ;  bfnxoic  acid,  05  Gm.; 
.5  Gm.  The  preliminary  distillation,  evaporation  and  incinera- 
r  be  performed  by  members  of  the  class,  or  by  ihe  demonsira- 
ucts  being  examined  by  students  in  pairs. 

hyd.— >As  a  preliminary,  apply  Hehner's  lest  (29  a. 
tly  to  the  milk:  then  disti'll  100  c.  c.  of  the  milk,  collect- 
fir«;t  10  c.  c.  of  the  distillate.  ^?ix  ^  c.  c.  of  distillate  with  I 
urc  milk,  and  apply  Hchncr's  test  (Exercise  10.  No.  jg). 
ftcylic  and  Benzoic  Acid.—  Evaporate  50  c.  c.  to  dryness  on 
ith:  extract  with  alcohol  acidulated  with  HCl;  ncntralize  the 
extract  with  ammonia;  evaporate  to  small  bulk  and  extract 
^.  Test  bv  Ex  to,  No.  21  (a)  and  22  (a). 
not  or  Boric  Acid.— Evaporate  20  c  c.  to  dryness;  incinerate 
HO»;  dissolve  in  HCl;  moisten  strip  of  turmeric  paper  with 

•olotson  contains  more  tljan  one  tutHtancr. 

—  No.  32. 

—  Cnknown    •olutioirf. 

fun  ind  pre«ef"»ed  milk,  ew.— See  eseraic  11. 


842 


CHEMIC    EXERCISES. 


CH.    XXXV. 


this  solution ;  dry  at  100''  C. :  red  co!or»  changed  to  black  by  sodium 
hydrate. 

EXERCISE  12  — TOXICOLOGIC   ANALYSIS   {Oftionat), 

Some  mixtures  contatning  unknown  poisons  may  be  subroitlcd  to 
students  for  systematic  analysis,  if  the  time  permits,  or  as  electivrt. 
Sec  Chapter  V;  and   Scfiacr  and  7.ericlti   I  page  791). 

It  is  better  to  let  ihe  beginner  know  to  which  anal>lic  group  the 
poison  li-Iungs.     The  fullowing^  may  be  suggested: 

Free  Acid  and  .•iikals. 

I'olalUe  Poisons.— Vh^wo\,  HCN,  Turpentine,  Phosphorus  (also 
with  admixture  of  alcoliol).  Chloroform,  Chloral.  Formaldchyd.  Nitro- 
benzol. 

Fixed  Organic  Poisotis. —  Acetanilid,  Morphin  (also  in  presence  of 
quinin  and  cafTein);  Aconite,  Digitalis.  Strychnin  (also  in  pre&encc  of 
Aloes),  Oxalic  Acid,  Alropin,  Picrotoxin. 

Metals. —  As,  Sb,  Hg  (also  in  presence  of  Bi),  Pb.  Quantitative  esb- 
malion  of  As.  Arsenic  in  wall-p^ipcr.  Excess  of  lead  in  solder.  Ex- 
cess of  copper  in  preserved  peas. 


I 
I 


EXERCISE  13  — TESTING  FOR  DRUGS  IX  THE  URINE 

Study  in  connection  with  Chapter  V  or  Vfl. 
The  drugs  mentioned  in  the  texi  may  be  distributed  amongst  the 
students.  The  urines  should  be  collected  for  24  hours,  the  lime  of 
collection  of  each  sample  being  noted.  The  samples  are  to  be  dii- 
tributed  so  that  each  student  need  analyze  but  one  specimen  for  eich 
drug.  A  reporter  should  he  appointed,  who  will  collect  and  labulatf 
the  results  of  the  entire  class,  and  render  a  report  at  the  next  mectm? 
The  notes  should  indicate  when  the  excretion  of  each  drug  15  fir«t 
observed,  when  it  reaches  its  maximum,  and  whether  it  disappear* 
again  during  the  period  of  collection.  Thchc  data  will  be  gathered 
fnini  tlu'  cUss-rcpnrl. 

Explanatory. —  iMany  drugs  are  excreted  by  the  urine:  some  im- 
chan^ed.  such  as  quinin.  iodid.  etc.:  others  after  havini?  undergont 
partial  decomposition  or  o'hcr  chemic  changes  during  their  sojonrti 
m  the  hndy  (acclanilid.  salol,  chrysophanic  acid,  santonin,  etc).  Tbf 
oriffinal  drug  or  its  derivative  may  then  be  demonstrated  in  the  uriiit- 
Tlii*  may  be  important  in  toxicology,  or  to  the  physician  who  may  t*  in- 
terested in  seeing  whether  the  patient  is  following  his  direcuo"*- 
These  reactions  (particularly  the  salol,  methylen  blue,  and  iodid >.  ^'^ 
afsn  utilized  to  study  the  rapidity  of  absorption  and  excretion  in  path- 
ologic conditions.  Many  drugs  arc  so  altereii  in  the  body  that  lii^J 
cannot  he  found  in  the  urine. 
Experiments: 

I,  Indophenol  Reaction.—  (Given  by  Actlanilid.  PhcnactUn,  Jn" 

other  phcnetidin  derivatives):  . 

L'sc  urine  after  takmg  0.3  Gms.  of  Ac'etanilid.    To  about  ic  -  f  °' 

urine  add  ^:4  volimie  fif  concentrated   HCl ;  boil:  allow  to  cr*oI :  add  » 

vrthlmc  of  5%  carbolic  acid,  and  a   few  drops  of  poi.  bid"-  ""■'•'■  •'^J^j 

•**d  color;  add  ammonia:  blue  color.     (The  acetan-  '^ 

ritnidophenol  comi>onnd   with  glycucuronic  and  l:    .  "*^ 

I*  pamniidophenol  is  liberated  by  the  HCl.  and  %\\ts  tbc  -l"^** 

irt  ion.) 

tlol. —  Urine  after  taking  0.3  Cms.  oF  Salnl : 
l:ite  a   lilllc  of  the   urine  in  a   lest-tul»e   with   Strong  sulphu'''^ 
Jd  ati  e<|ual   volume  of  ether,  shake,  draw  off  the  ether  *'»"  ^ 
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pipette  into  another  lest-hihc,  add  to  it  an  equal  volume  of  water,  and 
a  drop  of  ferric  chlorid :  shake:  violet  color. 

S-  Chrysophanic  Acid. —  (Appears  in  the  urine  after  taking  senna, 
rhubarb,  ca^ara  sagrada.  etc.)  U^e  nrine  after  taking  j  c.  c.  of  Fluid- 
ext.  Rhei. 

The  urine  is  reddish  brown.     Add  some  NaOH  :  deep  red  color. 

4.  Santonin. —  l!rine  after  O-03  CIm.   Santonin. 

The  urine  has  a  lemon  yellow  color.  Add  NaOH :  pink  or  red. 
The  (unknown)  coloruig  matter  is  nul  precipitated  by  lime  water 
(diflFercnce  from  clirysophanic  acid.  Munk,  1878).  [f  it  is  shaken  with 
ether,  it  pas<;es  inTo  this  s<:)Kent. 

5.  Alkaloids  (Quinin). —  l^rinc  after   0.2  Gm.  Quinin. 
Acidulate    with    dilute    sulphuric    acitl    and    add    drop    of   mere,    pot, 

iodid :  prccinitate, 

6.  Copaiba. —  (Vrine  after  10  Gm.) 

(d)  Add  cniic.  HCI :  red  color,  becoming  violet  on  hcatinir.  The 
spectroscope  shows  hands  in  the  blue,  jijreen,  and  orange.  (Quincke, 
1883).     The  reaction  is  not  produced  by  all  samples  of  the  drug;. 

(b)  Add  ammonia:  light  brown  or  bluish  Muoresccncc. 

(f)    Roil:  precipitates;  add  alcohol;   dissf^tlves. 

id)  Test  for  sngar;  the  result  is  often  positive  (due  to  glycuronic 
acid). 

7.  Methylen  Blue. —  (Urine  after  o.i   Gm.) 

The  urine  has  a  h!uc  or  green  color,  after  .10  to  50  minutes.  (De- 
colorizing under  the  action  of  bacteria.) 

(a)  Boil  with  a  few  drops  of  cone.  MCI:  the  color  becomes  pinkish 
red:  neutralize  with   NaOH:  returns  to  green. 

(b)  Add  a  few  drops  of  NaOH.  Uul  and  add  a  few  drops  of  1% 
glucose'  sohuion  :  the  color  disappears,  htil  reappears  on  shaking. 

ft.    Iodid.—  ( I'rine  after  0.3  CjUI^.  of  potassium  iodid) 
Add  2   few  drops  of  dilute  sulphuric  acid,  a  little   10%  NaNOa,  ami 
some  2%  starch  paste:  bluish  color. 

9.  Antipyrin.— (Urine  after  03  Gm.)  Add  a  few  drops  of  FcaCUs 
reddish -brown  color. 

10.  Methyl  salicylate. —  Rub  2  c.  c.  of  oil  of  wintcrgrccn  into  the 
skin.  Test  the  urine  as  for  salol.  (T.his  also  illustrates  absorption 
from  the  skin.) 

11.  Sodium  Acetate  or  Citrate. —  Empty  the  bladder  and  note  that 
the  reaction  of  tliL*  iirim'  11^  acid  tn  litmus.  Takf  10  <!m.  of  the  salt, 
dissolved  in  water.  The  reaction  of  the  urine  will  lie  found  alkaline 
after  a  few  hours,  the  organic  salt  being  oxidi/cd  lo  carbonate  in  the 
body. 

EXERCISE   14-— CHEMIC  ANTIDOTES. 

Study  in  connection  with  Chiiptcr  V,  p.  8R.  Consult  Exercises  18  C 
and  29  for  tlu-  applicatioti  of  antidotes  to  animals. 

Explanatory, —  One  of  the  first  objects  in  treating  a  case  of  poison- 
ing is  to  render  the  poison  hisoluhle.  thereby  delaying'  its  abiorjition. 
The  agent  which  h  u>ed  for  this  purpose  must  it-^elf  be  almost  harm- 
less, so  ihaf  it  can  be  given  in  unlimited  quantity  With  this  restric- 
tion, any  precipitant  may  be  used.  (It  is  useful  to  rcmemlHT  thai 
these  prccipitants  are  generally  employed  as  tests  for  the  substance.) 
The  subject  is  also  simplified  by  the  fact  that  the  same  chemic  antidotes 
are  used  for  all  alkaloids. 

I^otes. —  State  ynur  observations^   explain   tlic  chemic  changes. 

Conclusions. —  Tabulate  the  chemic  antidotes  for  alkaloids,  metals, 
lead,  barium,  oxalates,  phosphorus. 

'  The  urine  often  coniain?  cnoufth  reducing  sulisiance  to  dccDlorixe  on  bcatinf, 
even    w-ilhout    ttie    ndditii>n   at    rIucos«.      TtiU  may    be    tried. 
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Experiments: 

1.  Alkciotdi  and  Tannin. —  <a)  To  some  V»%  solution  of  Stryclmin 
Sulphate  add  a  little  infusion  oi  tea:  large  precipitate:  Add  to  half  o1 
this  some  alcohol,  to  the  other  lialf  some  dilute  HCl :  The  prccipitttn 
dissolve. 

{h)   Repeat  with  */tn%   Morphin  Sulphate;  only  a  slight  prccipttatt 
(f)   Repeat  {a)  with  coffee  infusion;  only  a  slight  prcctpitair 
Tannin  is  an  efficient  precipitant  of  some  alkaloids  but  not  of  other* 
(sec  page  89).     Coffee  is  less  efficient  than   lea.     The  precipitate*  dis- 
solve in  alcohol  and  in  dilute  acids. 

2.  Alkaloids  and  lodiit. —  To  some  saturated  aqueous  Quinin  Sul- 
phate add  some  solution  of  iodin  in  KI:  large  precipitate.  Add  some 
alcohol:   the  prociniiate  dissolves. 

3.  Alkali'ids  and  Permanganate. —  To  some  quinin  solution  add  *olo- 
tion  of  K.MnO, ;  brown  precipitate.     Add  alcohol:  no  solution. 

The  reactions  2  and  ^  apply  to  all  alkaloids,  so  that  these  resgents 
may  be  considered  univers;»l  alkaloidal  antidotes. 

4.  Afetais  and  J'attmtt. —  (o)  Add  some  tea  to  Lead  Acetate:  Ur^ 
precipitate.  Add  to  half  nf  this  some  alcohol:  no  solution;  to  the 
other  add  dilute  HCl:  The  lannate  is  decomposed  and  lead  chlorid 
is  precipitated. 

(b)    Repeat   (a)    with   HgCN:  very  little  precipitate. 
(e)   Repeat  (a)  and  ih)  with  coffee:  results  similar  to  tea. 
Some   metals   arc    precipitated   by    tannin,   others    not.     The   precipi- 
tates are  insoluble  in  alcohol,  somewhat  soluble  in  dilute  acids. 
Coffee-tannin  is  also  effective,  but  less  than  tea. 

5.  Metals  and  I'rotcids. —  Mix  some  HgCii  and  albumin  solution*: 
large  precipitate:     Practically  all  metals  are  precipitated  by  proteid*. 

6.  Barium  and  Sulphates. —  To  some  haruim  cblorid  solution  adtf 
NaaSO*  solution:  white  precipitate. 

7.  Oxalates  and  Calcium. —  To  a  solution  of  potassium  oxalate  idd 
some  Ca(OH)j:  precipitate. 

8u  Fhosphorus  and  Copper. —  Drop  a  small  piece  of  phosphorus  mto 
a  dilute  solution  of  CuSOi:  The  phosphorus  is  soon  covered  with  1 
film  of  metallic  copper. 


EXERCISE    15.— CHEMIC   CORROSIVES.— ACTION   ON   PRO- 
TEIDS  AND  BLOOD. 

Study   in    connection    with    Chapter   XXVIII.     Also   consult   plate*  ii 
Von   Mofmann's  .-Xtlas  of  Legal  Medicine. 
Explainatory. —  All    substances,    which    enter    directly    into    cheioif 
combinations  with  proteids,   produce  local   effects,  i.  e..  they  act  at  lh« 
place    where    they    arc    applied.     The    action    results    in    inflarrnDSfion; 
these   substances  arc  therefore  irritants;  if  (he  action  is  at  all  vtolcni. 
the  cells  arc  killed.     If  the  combination  of  the  reagent  and  pfoiopIa«ni 
is  fluid,  the  tissjie  is  dissolved.     This  is  termed  corrosion  or  eauteni^ 
tion.    If.  on   tht-  other   hand,   the  action   is  mild,  and  the  prodtict  in- 
soluble, ihe  effect  is  astriuf^ent:  i.  e..  mucous  membranes  are  con^tnf'" 
and  puckered,  and  the  phenomena  of  a  pre-existing  infl.irTmt.irjt*"  *f^ 
lessened.     Tliese  precipitau-s  also  serve  to  stop  the  lumen  of  bleedinj 
els.  and  are  therefore  stypfie  or  hemostatic. 
19  therefore  important  to  know  whether  the  action  of  these  «K<™f 
in  oreciptlation  or   solution.     This  may  be  sriidied  on  iv>/«»m 
,     It    must    be    remembered,    however,   that    the  effects  depend 
upon   the  concentration   nf  the  reagent:   the  precipiiate?  oltrti 
Ive  in  an  exces*  of  the  reaecnt  or  of  Ihe  protcid. 
■       ,'■'■■        upniinds  \<  often  imporlaiK  >n  diagnosis 
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EX.    i;    AND    l6:    CORROSIVES. 


Notes. —  State  the  results  (color,  precipitation,  solution)  :  state 
whether  the  addition  of  more  reag^cnt  modirti-s  these  results. 

Conciusions. —  Tabulate  the  rcjiiilts  to  show  the  reaRents  which  pre- 
npitatc.  those  which  dissolve,  and  thoiic  which  first  precipitate  uid 
then  dissolve. 

Which  of  these  drug?  could  be  applied  as  hemostatics? 

Which  give  characteristic  color  changes? 

Exercises: 

I.  On  Proteids  (Egg  Albumen). —  Place  in  each  of  twelve  tcst-tul»ei 
half  an  inch  of  a  solution  of  egg-albumen.  (The  white  of  2  eggs  to 
200  c.  c.  of  water,  strained.)  Add  tlie  following  rcatjcnts  (the  n^ual 
solutions),  drop  by  drop: 

(I)  HgC;  (2)  AgNOi;  (3)  CuSO.:  (4)  FesCU  (tincture);  (5) 
Lead  acetate:  (6)  H,SO*:  (7)  HCl :  (8j  HNO.:  (g)  NaOll;  (10) 
Carbolic  acid  (Mrong);  (n)  Alcohol;  (I3)  Tannin  ((>,  7,  K,  10.  and 
It  :  fuH  strength  1- 

A  white  precipitate  is  given  by  HgO,  AgNO,.  PbfC.H,(>.»,.  H.SO.. 
HCI,  C«H«0,  CjlKU,  and  tannin;  a  greenifth-white  preci|»ita!r  by 
CuSO*;  a  yellowish-brown  precipitate  by  Ke«CI«:  yellow  precipitate  by 
HNOi-    NaOH  gives  no  precipitate. 

Excess  of  the  reagent  redissolves  the  precipitate  in  the  case  of  acidti, 
but  not  witli  the  other  prccipitants.  (The  reagents  which  redtnAolve 
the  precipitate  arc  apt   to  penetrate  more  deeply  into  tissue**.) 

II.  On  Defibrinated  Blood. —  Place  about  2  c.  c.  of  defibritiated 
bliKMJ  into  12  icst-tul»cs.  ?nd  add  the   renKents  as  in   I. 

A  black  or  brown  clot  is  formed  with  KcjCI.,  H»SO..  and  HNO,;  a 
brown  or  dark  precipitate  with  CuSO..  HCI.  and  NaOH  ;  a  pink  or 
light  red  precipitate  with  C«H«0.  CiH«0.  and  tannin;  a  Kf»y  t»rr- 
eipitate  with  HgCU  and  AgNO^  Excess  of  the  reagent  redi*»olve« 
the  precipitate  with  a  brownish-red  color  m  the  case  of  aadi.  and  with 
a  garnet  color  in  the  case  of  soda.  The  others  do  not  rcdi«M»lvr. 
(Tlic  colo'  is  due  to  acid  hcmaiin  in  the  case  of  acid,  to  alkali  hcmaiin 
in  the  case  of  NaOH.) 


EXERCISE    16-CHEMIC    CORROSIVKS.    CONTINUED.— 
ACTION  ON  EXCISED  TISSUES. 

Explanatory. —  These  experimentt  arc  a  fiinhrr  applicstimi  nf  the 
preceding  exercise.     Il   will  be  seen  that  the  rffcfi   depend^  '    ' 

on  the  situation:  the  skin   i^  generally  more  rr«nlant,     Th* 

of  the   stain  can   be  studied   more  Mtiifactohly;  al«o  the    r-, .7    -.! 

penetration- 
Sotes. —  Record  the  results. 

C^nciusifins. —  Tabulate  your  re«ull«  to  Oiow  which  agentt  prodnre 
liardening.  which  softening :  which  charanrriftlic  fttxint :  which  act 
deeply  and  which  superficially.  Which  arc  the  tnont  prnrcrful  depiU- 
toric«  (1.  r  .  removing  hair) 

I.  Corrosion  of  Skin. — Ptare  bit^  of  ffe»b  mantmalijin  tlttn  into 
test-tubes  containing  ccmcentralrd  H.SO..  }\('.\,  HN'>..  NaOM.  an4 
KZ^W'JQ.  I^avc  for  t5  minute*,  rtn'--  ■  • 
the  hair,  and  on  the  f-pifb*-li;il   arul 

With  the  acids,  the  ffiOiflial  lurf . 
Somewhat  shrunken      With  morr  x.T' 
«Ticd.     With     HO    it    rcmariM     *?  t       ji 
Wownish      C«H*0  causei  a  m^r^    pr    •.-,  u; 
Hardening,    wiiho«t    <tjt?M-f)'i"-'i[    "ffyri-iv 
U  softened  and  diiAoIrrd  >■*  ^Se  NaOH 
i»    not    affected   by    C-H-O      The    e»nnf. 


d  oiAr  the  «fl«cf  tm 
'    lurfaeciw 

.'if  it    wbrtr.    haM     arul 
'  tirtfi    It    IK    : 

'  i    ficrhf 

■  i  -      k.ur 
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and  transparent  and   fs  finally  dissolved  by  the   NaOH  and  Iht  k 
and  st^iined  as   (he  epithelium.     The  carbolic  acid  affects  it  as  it 
ihc  epithclinm. 

II.  Corrosion  of  Mucous  Membranes. —  Slit  open  a  piece  uf  f 
dog's  iiitcslim-.  .^  mclics  lonp,  and  Hattcn  it,  epithelial  surfacr 
With  a  glass-rod  apply  a  drop  of  the  rtagtni^  used  in  I  Ol»?rne 
during  15  minutes.  Note  the  character,  color,  and  depth  of  the  elfccL 
See  whether  the  epithelium  riclaclics  more  readily.  The  acnh  fint 
turn  the  epithelium  whiit*  and  hard,  hut  soon  softer  and  darker  The 
underlying  tissues  appear  while  and  hard,  as  if  cooked.  The  epitWittra 
is  readily  detached.  The  actiott  extends  deepest  with  HNO».  Thn 
gives  n  yellow  tinge  to  the  stain.  HaSO*  gives  a  brownish  color. 
C.H.O  acts  as  it  does  on  (he  skin ;  its  effect  extends  deeply.  NaOH 
first  soflen-i  the  tissues,  and  then  renders  ihcni  gelatinous.  Tbc  epi- 
thelium scrapes  off  very  readily. 

IIK  Corrosion  of  Muscfe. —  Place  bits  of  muscle  into  ihf  rcagnils 
used  in  I,  and  observe  during  15  minutes.  Rinse  in  water  and  note  i)*- 
poarance  and  consistency. 

HjSO.  and  HC(  soften  the  muscle,  without  swelling  it:  the  color 
becomes  a  deeper  red;  the  muscle  then  gradually  disintegrates,  di^ 
solving  entirely,  with  a  garnet  color,  in  the  case  of  the  IliSO*  Ifl 
HNOi  the  muscle  shrinks  and  hardens,  the  color  changing  to  yrll"» 
or  brown,  with  partial  solution.  lu  CiH»0,  the  mu.scle  is  bleactinl 
shrinks,  and  becomes  hard,  assuming  a  "cooked"  appearance  NaOH 
causes  the  mviscic  Id  become  red  and  swollen ;  the  oiUer  layers  wXltfl. 
become  gelatinous,  and  dissolve  to  a  red  solution. 

iV.  Coagulation  of  Muscle.— Trace  a  bit  of  fre^h  frog's  m»*c\t 
in  normal  saline  on  a  slide,  examine  with  the  lower  power  of  ihe 
microscope:  add  a  drop  of  concentrated  HxSO*  and  observe  the  rriulf* 
Repeat  with  the  other  reagents  mentioned  in  1,  and  also  with  l^  cif- 
fein. 

The  acids  cause  the  fibers  to  shrivel  and  lo  become  contoned;  Ihf 
lurn  granular  and  opaque,  the  striations  are  lost,  and  gradual  soldtm 
occurs.  CiH«0  acts  at  first  like  the  acids,  hut  there  is  no  soltttic* 
NaOH  causes  the  fibers  to  swell,  to  Itecnme  transparent,  and  to  gnd' 
ually  dissolve,     Caffein  produces  a  granular  opacity. 
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EXERCISE    17  — CHEMIC  CORROSIVES.  CONTINL'ED.- 
ST.MNS  ON  HL'MAN  SKIN. 

Explanatory.—  It  will  be  seen  thai  the  observations  made  on  rxo-nl 
tissues  apply  aUo  to  Ihc  human  skin.  The  stains  may  be  mnov«i  i" 
the  maiuKT  indicated  in  the  experiment. 

Check  the  results. 

Exercises.—  i.  Apply  to  the  intact  skin  of  the  forearm  1  dfOfi « 
roHCi'tifnUrd  nitric  acid.  Wash  off  as  soon  as  there  is  itching  ^" 
intensely  yellow  stain  develops.  Apply  a  drop  of  ammonia,  tbf  ^t^'" 
turns  to  an  orange  brown  C xanthoproteic  reaction).  It  is  very  b'**'* 
and  wears  off  only  as  the  skin  is  desquamated. 

2.  Apply  10  another  place  a  drop  of  saturated  f>tcric  aad:  yellow 
stain.     Apply  amm<inia :  the  stain  is  removed. 

.V  Apply  concentrated  sulphuric  acid  and  hydrochloric  arid  to  diS"' 
ent  places;  wash  off  as  in  l  :  there  is  no  stain,  hut  redness 

4.  Apply  strong  alcoholic  solution  of  methyUn  blue:  wash  ""f  *5S 
one  hour.  The  stain  is  not  removed  by  water,  but  by  rubbini  «"" 
dilute  ammonia. 

5    Apply  a   drop   of  tincture  of  inditt,  leave   for   five   mintitw   *"*' 

■S.    M, —  Dead   Jor;   scisiorv  and   lotcv\t\;   frog;   microKope. 
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which  cannoi  he   washed  off.     Apply  ammonia,  the  stain 

removed   (formation  of  soluble   NHJ). 

b.  Apply  a  drop  of  10%  .-/^A'Oj  solution  and  leave  it;  a  black  stain 
develops  quite  slowly.  It  cannot  be  removed  by  water.  Apply  a  drop 
of  tincture  of  iodin  and  then  ammonia;  the  stain  disappears  (Agl  is 
formed  and  this  is  soluble  in  anunoriia). 

7.  .\pply  AgNOi  a*  in  6  (being  careful  that  the  skin  is  not  abraded)  ; 
rinse  the  stain  with  some  dilute  solution  of  KCN ;  it  disappears  <for- 
snatioii  of  the  soluble  double  cyanid). 
&  Carbolic  Acid.—  Consuh  the  next  exercise. 


EXERCISE   18.— PHYSIOLOGIC   EFFECTS  OF  IRRITANTS. 

Study  in  connection   with   Chapter  XXVIII. 

Explanatory. —  The  tissues  respond  to  irritants  by  the  phenomena  of 

inflaniination      Four  successive  stages  may  lie  recognized  in  //i*'  skin: 

(I)    Hubff action,  or  reddening  with  pain  and   itching;   {2)    t'cstcation, 

\oT  blistering;   (3)   Ptatulatiitn,  the  formation  of  isolated  pustules;  and 

(4)    Corrosion,   or   destruction   of   tissue.     The   degree   of    the   action 

depends   on    the    nature    and    the   concentration   of    the    irritant.    The 

rapidity   of   action    is   also    variable.     Oilorofnrm    and    luriH'ntinc,    for 

instance,   act   quickly,   but   scarcely   progress   beyond   rul>efaciion ;   can- 

>lharides,  croton   oil,  and   antimony  act   slowly,  but   progress,  the   first 

to  vesication,  the  last  two  to  pustulntion.     A  quick  action  is  generally 

■associated  with  volatility.     Vesication  demands  that  the  irritant  should 

remain  in  the  skin  suthciently  long  to  produce  an  inflammatory  exudate 

fUnder   the   impermeable    stratum   corncum.     Pustulants    have   a   specific 

[chemotactic  power  on  leucocytes. 

Mucous  membranes  show  only  rubefaction  and  corrosion;  the 
anatomic  conditions  feeing  unsuitable  for  vesication  or  pustulation. 
iThe  mouth,  however,  is  an  exception,  for  vesication  may  occur  here. 
Irritation  of  mucous  membranes  is  also  characterized  by  catarrh  —  t.  r, 
increased  excretion  of  mucus.  This  is  diminished  by  astring^Hls. 
hcse  aUo  cause  puckering. 

Irritation  of  the  lower  portions  of  the  alimentary  canal  is  studied  in 
Exercise  .^2. 

The  treatment  of  irritation  consists  in  the  removal  of  the  irritant  and 
the  application  of  fats,  glycerin,  or  mucilage.  This  may  be  studied  on 
carbijlic  acid. 

Record  your  observations.     Draw  the  conclusions. 
^      The  exercises  marked  •  arc  option.Tl. 

H      Exercises, —  A.  Irritants  on  the  Skin. —  i.  Rubefaction.— Rub  a 
^■little  chloroform  on  the  arm.     Note  the  burning  and  reddening. 
^■lorm  oil  the  ami.     Note  the  burning  and  reddening. 
^M     •  J,  Vesication. —  Apply  some  cerate  of  canthartiics:  vesication  after 
^nome  hours.     (Wash  oiT  the  excess  of  the  cerate  with  alcohol.) 
B     *  J.   Pustulation. —  (a)   Apply  a  drop  of  a  25%   solution  of  croton 
oil    in   cottonseed   oil   to  the   skm  of  ihe   arm;   a  pustular  eruption  is 
developed  after  some  time. 
H      (fr)   Apply  some    10%  ointment  of  tnrtor  emetic:  pustular  eruption. 
^b^The   tartar  emetic   is   decomposed   and    rendered   irritant   by  the   acid 
^fcccretions  of  iht-  cutaneous  glands,  and  the  pustulation  remains  tlierc- 
fore  confined  to  these). 

B;  Irritants  on  Mucous  Membranes.— *  4.  SnufT     a     very     little 
iinixture  of  one  part   of  veratrin  and   500  parts  of  starch.     Sneezing, 
md  all  the  phenomena  of  acute  coryza. 

Shake  a  bottle  containing  Sfn%p-bark  and  smell  it.     Sneezing. 
Place  a  drop  of  ten  times  dihiled  tinctitre  of  aconite  on  the  lip  of 
tongue ;  persistent  tingling  sensation. 


848 


CHEMIC    EXERCISES. 


CH.  xx: 


7.  Place  a  drop  of  Tr.  !odin  on  inner  surface  of  lip:  blister. 

8.  Observe  the  astringent  taste  of  a  5%  solution  of  alum,  or  ol 
Ferri  Oilor. 

C.  Treatment  of  Irritation  (CMrbolic  Acid).— 9.  Arrange  5  nnaU 
beakers  in  a  circle  so  that  the  fingers  can  be  plunged  into  iliem  simul 
tanconsU*.  Fill  these  beakers  with  5%  carbolic  acid  in  (a)  water 
{b)  2-^%  alcohol;  (f)  25%  glycerin;  (rf)  turpentine;  C^)  cottonwed 
oil. 

insert  the  five  fingers  of  the  left  hand,  one  in  each  solution;  kccfi'  _ 
for  five  minutes,  withdraw  and  note  the  blanching  and  wrinkling.  tB' 
tingling  (felt  especially  on  pressing  the  fingers  against  a  (ahtr).  ^ 
the  anesthesia. 

The  effects  (especially  the  blanching)  are  grcatef^i  in  tlic  water; 
less  in  the  alcohol  and  glycerin;  practically  absent  in  the  oil. 

Rinse  the  finger  whjch  has  been  in  the  watery  solution  in  a  IiIictJ 
quantity  of  water:  the  blanching  persists.  Rinse  it  in  95%  ilcobo): 
llie  blanching  disappears. 

10.  Pour  a  half-inch  of  inidilutcd  egg-white  into  two  lest-tubc*; 
pour  over  this  (without  mixing),  in  (ii)  nil  equal  volume  of  J^ 
phenol  in  water:  to  ((0  in  oil,  (o)  precipitates  at  once.  i^\  rrtT 
slowly.  The  phenol,  being  very  soluble  in  oil,  docs  not  (>aM  into  the 
watery  egg-white. 

Explanatory. —  The   reagents    (fr)    to   (e)   ol   Exp.  9  arc  all  (irt'<^ 
solvents   for  carbolic   acid    than   is   the  skin;   ihcy  consequently  W^' 
the  penetration  of  the  phenol  and  hence  its  effects  (Exp.  io>.     (TTif»* 
solutions  of  phenol  are  therefore  also  much  less  efficient  as  antiKptif* 
than  are   watery   solutions.)     The   glycerin   and   cottonseed  oil  arti" 
addition  in    virtue   of  their   viscidity    (1.    e..  as    rmoUi^nts),  himlfrini 
the  access  of  new  layers  of  the  solution  to  the  skin.     This  make*  tb«n 
more  effective   in    the  trcalniciil   of  carlwlic   burns;  hut,  on  llie  olhrt 
hand,  it  hinders  the  wa<ihing  off  of  the  phenol.     Lavage  of  the  stofwcb 
with   io%  alcohol  is  the  best  Ir^c^l   treatment  in  inlcnial  carl-'     '-"^ 
poisoning.     For  burns  on  the   skin,  the   surface  should  be  nn 
the  dilute  alcohol  and  then  dressed  with  glycerin  or  ml      1!; 
ment  does  not  lessen  the  effects  of  the  carix>iic  acid   which  1 
already   absorbed    (except   that    still   present  in   the  superficwl   ■ 
The  systemic  effects   of   phenol  are   best   treated   with   iniravenoui 
jection  of  sodium  sulphate.     (Consult  Exercise  $0*  No.  5  and  6.) 

•11  (Optional).  Dip  the  lips  of  two  fingers  into  undiluted  I 
fied  carbolic  acid  for  one  minute.  Very  little  burning  i>i  frii.  tmf 
skin  becomes  while.  Now  rinse  the  one  finKcr  in  water,  the  nil"'*' 
25%  alcohol.  The  latter  removes  the  blanching  but  not  the  ««i' 
phenomena.  It  is  effective  against  the  superficial  actiom.  hirt 
against  those  which  are  situated  more  deeply.  Glycerin,  <»U,  or  ^^^^' 
tine  act  like  alcohol.  Rinse  the  other  finger  in  the  alcohol.  Tk'^ 
will  be  some  subsequent  roughening  and  chapping  of  the  skin. 

EXERCISE  19.- EFFECT  OF  DRUGS  ON  FERMENTS 

Study  in  corneclion  with  Chapters  VI I  and   XV\l. 
Explanatory. —  Many  chemk  changes  within  the  living  '■nnoiini^'^ 
hronghl  at)out  by  the  aid  of  fenncnt*  or  catalysatorf :  r 
which   greatly   hasten   siJccific  reactions  without   being  th* 
manentiy    changed.     Small    quantities    of    the    ferment    are   t^ 
effective.    The    coagulation    of   milk   or  blood ;    the    solution  - 
drolysis  of  protcids  and  carbohydrates  in  digestion;  the  phcnon«^^  " 

S.    M. —  Experiment  q  and    10. 


oxidation,  etc.,  are  examples  of  these  actions.  The  ferments  may  act 
within  the  cells  (yeasi),  or  they  nviy  be  secreted  (gastric  juice,  etc.). 
Organic  ferments  arc  accelerated  b>  moderate  and  destroyed  by  exces- 
sive heat;  they  are  injured  by  a  number  of  poisons,  notably  by  the 
antiseptics,  cyanids.  and  quinin.  With  the  last  two,  the  activity  reap- 
pears when  the  poison  is  removed.  Most  ferments  regiiire  a  certain 
reaction  of  the  medium,  neutrality,  or  a  specific  dcKree  of  acidity  or  alka- 
linity. Certain  ftTmcnts.  especially  rennin  and  fibrin-fcrmem,  also  re- 
quire the  presence  of  calcium,  which  probably  participates  in  the  reac- 
tion. 

Finely  divided  inorganic  matter  —  such  as  spongy  platinum  and 
other  metals  in  "  colloidal  solution  " —  also  act  as  ferments ;  probably 
by  "surface  action";  i.  c,  by  condensing  molecules  on  their  extensive 
surface  and  thus  bringing  them  in  closer  contact.  It  is  remarkable 
that  these  inorganic  ferments  are  impeded  by  the  same  poisons  as  the 
organic,  and  in  corre&pondingiv  small  quantities.  This  does  not  suffice 
to  establish  the  identity  of  the  mechanism  of  action  of  the  two  classes 
of  ferments.  With  the  inorganic  ferments,  the  retardation  is  doubt- 
less due  to  alteration  of  the  surface  produced  by  chemic  actions. 

The  effects  of  ferments  are  generally  studied  in  physiology.  A  mere 
reference  to  them  suffices.  The  comparison  of  the  retarding  effects 
of  poisons  requires  so  many  precaution.s  that  the  results  are  apt  lo  be 
unsatisfactory  in  an  elementary  course.  The  experiments  are  therefore 
made  opiionai 

Experiments. —  (See  Stewart's  Manual  or  Practical  Physiology, 
Bcddanl.  etc.  for  the  details  of  these  experiments.) 

A.  PhyBlology  of  Ferments. —  i.  Peptic  Digestion. —  Demonstrate 
the  solution  of  fibrin;  the  production  of  albnmoses  and  peptones:  the 
influence  of  Te:ictiun  and  tt-niperature. 

J,  Papain  Digestion. —  .As  above,  Papain  is  a  vegetable  ferment; 
its  action  is  largely  independent  of  the  reaction  of  the  mcrlium 

3.  Pancreatic  Digestion. —  As  above.  Also  show  the  accelerating 
action  of  entcrokinase  <the  scrapings  from  the  duodenal  mucosa), 
which  converts  the  inactive  trypsinogen  into  active  trypsin.  Also 
study  the  amylolylic  and  lipolytic  tt-rmcnls  of  the  pancreas. 

4.  Coagulation  off  Milk. —  Study  the  effect  of  rennin;  the  effect 
of  temperature  (alwut  40*  C.  is  the  optimum).  Confirm  that  thi:  coagu- 
lation does  not  occur  when  the  calcium  is  removed  (>y  excess  of  an  oxa 
late,  but  reappears  when  an  excess  of  calcium  chloric!  is  added.  The 
effect  of  the  addition  of  barley  water  and  formaldehyd  may  he  demon- 
strated. The  former  gives  a  finer  clot ;  the  latter  inhibits  the  coagula- 
tion 

5.  Clotting  of  Blood. — Study  the  effects  of  temperature;  of  de- 
fibrination ;  of  magnesium  sulphate ;  of  the  addition  of  oxalate  or 
citrate;  and  <jf  calcium.  Sodium  fluorid,  formaldehyd  (i  i^oo).  and 
leech  extract  retard  or  prevent  the  roagidation.  Peplnnc  renders  the 
blood  non-coagulable  when  it  is  injected  intravenously;  but  not  when 
it  is  added  to  shed  hlood. 

6.  Citrates  or  Tartrates,  when  added  to  Calcium  in  the  molecular 
proportion  of  3  :  l.  render  the  laller  inactive  wiihont  precipitating  it. 
The  calcium  is  no  longer  precipitated  by  oxalates,  and  cannot  be  util- 
ized in  the  ferment-rc.ictions. 

7.  The  transformation  of  sulphur  Into  sulphid,  which  occurs  in 
the  intestine,  is  effected  at  least  in  part  \\y  proteids.  It  is  not  affected 
by  heat,  so  that  ferments  are  probably  not  involved :  Throw  some 
pieces  of  fresh  intestine  into  20  c.  c.  of  boiling  water.  Strain  into  a 
small  flask.  Neutralize.  Add  a  pinch  of  washed  sulphur.  Stopper, 
suspending  a  piece  of  lead  acetate  paper  from  the  stopper.  In  another 
sinular  flask  place  some  water,  sulphur,  and  lead  paper.     Observe  that 
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after  a  time  the  paper  in  the  intestinal  flask  becomes  blackened 
through  the  evolution  of  sulphuretted  hydrogen.  (Other  protcOs 
give  the  same  result.     Tlic  cx|>crinR*nt  is  m>i  always   successful* 

B.  Experiments  on  the  Retarding  Action  of  Poisons. —  Oeoertl 
Directions. —  Equal  quantities  ot  the  solutions  of  the  termcnl  ami  the 
test  object  are  placed  in  icsi-tubes.  These  are  made  of  twice  the  oirti- 
mum  strength  in  acid  or  alkali.  To  each  lube  is  added  an  cquil 
quantity  of  the  drug  to  be  tested,  also  of  twice  the  desired  strengtfi 
Pure  Wattr  is  added  to  one  of  the  tubes  as  a  citniroL  The  tut»c?  Jie 
then  stoppered  and  digested  at  the  proper  temperature.  Every  precjo- 
tion  must  be  taken  to  have  the  conditions  perfectly  equal  for  all  Mx 
tubes  and  several   controls  muse  be  made. 

The  following  poisons  are  suggested.  ( Rcmeml>cr  that  the  fcul 
strength  is  one-half  of  that  given  here): 

Water;  Quinin  hydrochlorid.  i  and  2%;  Phenol,  i  and  5%;  Alum. 
5%;   Formaldchyd,  0.2  and  2%;   Mercuric  chlorid,  0.02  and  o.i*^ :   ^' 
cohol,  2,  10,  and  50%  :  Saturated  aqueous  solution  of  salicyhc,  ' 
and  boric  acid,  and  of  salol ;  Hydrocyanic  Acid.  2%;  Caffein.  •  ■ 

8.  Saliva* — Use  a  mixture   of  2%  boiled   starch   and   Mli\^ 
the  poisons.     incul>ate  at  40"   C.  for  an  hour.     Add   an  equal 

of  10%  XaOH.  Plunge  all  the  test-tubes  simultaneously  into  a  l-lm-^ 
water  bath.     Examine  the  depth   of  color. 

9.  Pepsin. —  Use  a  0.1%  solution  of  U.  S.  P.  pepsin  in  04%  HCL 
Add  a  Metts'  albumen  tube  to  each  test-tube.  Add  the  poison^  In- 
cubate at  40*  C.  for  a  day  and  note  the  amount  of  albumen  which  la* 
been  dissolved. 

10.  Trypsin.— As  in  9,  using  a  0.1%  solution  of  panrrcaiin  in  J* 
NaiCO».  with  the  addition  of  enterokinasc. 

11.  Oxidase. — ^Guaiac  resin  assumes  a  blue  color  when  oxidured 
This  oxidation  occurs  even  when  the  resin  is  susper-'  '  "  "' '" 
water,    but    very    slowly.     It    is    greatly    accelerated    by    .■ 

ments    (oxidases),   which   are  present   in    all    living   proii  - 

may  use  diluted  defibrinated  blood,  or  potato  peelings  or   ■  •* 

leaves  pounded  with  sand     and  water  and  straine<I.     Thr-  ' 

in  test-tubes,  with  a  drop  of  freah  guaiac  tincture  (U.S.  P.).  T^ 
poison  solutions  are  then  added  and  the  depth  of  the  bine  c^ilof 
noted  from  time  to  time.  Prussic  acid  is  especially  effective  in  re- 
tarding this  oxidation.  Caffein  hastens  it  somewhat.  It  is  'crj 
greatly  accelerated  by  hydrogen  dioxid. 

EXERCISE  20.— GENERAL   PROTOPLASMIC   POISOKS- 
ACTION  ON  MONOCELLULAR  ORGANISMS. 

Study  in  connection  with  Chapter  VIT  and  XVII.    Also  cixualt 
Exercise  44. 

Explanatory. —  Poisons  are  divided  into  two  groups:  (l)  Tb&« 
which  kill  nil  forms  of  living  tissue  to  which  they  may  be  appli<^' 
and  (2)  Those  which  act  selectively,  1".  /.,  which  have  a  much  sttonfrf 
action  on  some  tissues  than  on  others.  The  first  arc  called  {^*f^ 
(protoplasmic  poisons;  the  second,  muscie-ncrrc  (•(n'sons.* 

The  general  protoplasmic  poisons  are  again  sulidivided  int<^  '^^ 
which  act  also  on  dead  protcids  —  the  corrosives  —  and  ihote  wh'j 
act  exclusively  on  living  cells  —  protoplasmic  poisons  in  the  rrtt***** 
sense. 


'  Their  action  ii  not  neccsHrily  restricted  to  moacoUr  ind  o»r*OB»  l**^ 
at  Ihr  name  would  imply.  Il  may  «l«o  he  rterld  on  gUnd  cwih  *e.  TV  ■•■ 
tinctive  fcaiurt  of  the  classt6cation  i«,  that  itic  adioa  ta  •elcclivc. 
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Tlie  effects  of  general  protoplasmic  poisons  are  studied  most  con- 
veniently on  monocclluinr  organisms. 

Tlic  boundary  between  the  general  protoplat^mic  poisons  and  the 
muscle-nerve  poisons  is  not  sharply  defined.  Many  of  the  t3i)n:ally 
selective  poisons,  such  as  strychnin,  are  toxic  to  all  tissues  when  they 
are  used  in  sufficient  concent  ration.  The  protoplasmic  poisons  also 
«how  some  specialization.  Quinin,  lor  instance,  kills  ameboid  cells 
much  more  readily  than  it  does  hacteria.  All  protoplasmic  poisons, 
however,  are  10  some  extent  bactericidal;  and  all  antiseptics  can  be 
counted  in  this  Kroup. 

Experiments  (Of>tionai)—i,  Bacteria. —  The  estimation  of  the  an- 
tiseptic power  of  protoplasmic  poisons  belongs  to  the  domain  of  bac- 
teriology. The  drugs  mentioned  in  the  preceding  exercise  may  be 
Iried. 

a.  Yeast  Cells. —  (Demonstration.)—  Make  a  fairly  concentrated 
suspension   of   yeast    in   35   c.  c.   of   5%    glucose    solution.     Shake   and 

measure  out  three  portions  of  to  c.  c.  into 
i^  y-'-Ty     test-tnbcs.     Add  to   {u]    to  c.   c.  of   J/i% 

^  ijuinin  solution;  to    \b)    10  c.   c.  of  }/£% 

strychnin:  to  (c)  lo  c.  c.  of  water.  Fill 
Ihem  into  the  fermentation  tubes  (Fig. 
121),  and  set  into  the  bath  at  37**  un'il 
the  upright  of  tube  in  (f)  is  almost 
filled  with  gas.  Note  how  much  Ras  has 
been  evolved  in  the  other  tubes;  it  will  be 
seen  that  the  quinin  lias  the  greater  re- 
straining action,  but  the  strychnin  also 
hinders  the  gas  formation  somewhat. 

3.  Infusoria. —  Macerate  a  little  hay 
in  water  for  several  days,  until  infusoria 
are  developed.  Place  a  drop  of  the  infu- 
sion on  a  slide  and  note  with  the  micro* 
scope  the  movements  of  the  infu.soria. 
Place  a  drop  on  each  of  four  slides:  add 
to  slide  (o)  a  drop  of  yi%  quinin;  (b) 
V^%  cocain;  (c)  1/3%  strychnin;  (d) 
Vw%  HgGj.  Cover  with  cover-glasses 
(interposing  a  hair  to  prevent  pressure) 
and  examine  at  once,  and  then  every  ten  minutes  The  HgCU  kills 
the  infusoria  at  once,  fixing"  them  in  their  original  elongated  shape. 
The  others  act  much  more  slowly ;  the  movements  liecome  more 
sitiggish,  and  finally  the  infusoria  contract  to  round  halls  and  die. 

The  quinin  kills  first,  then  the  cocaiii,  and  last  the  strychnin.  The 
observations  need  not  be  continued  after  tlic  animals  in  tlie  cocain  have 
died- 

4.  The  action  of  poisons  on  leucocytes  can  also  be  studied,  either 
with  the  warm  stage,  or  more  simply  by  leaving  them  with  finely  pow- 
dered animal  charcoal  for  an  hour  at  J7*  C,  and  examining  wluther 
they  have  taken  up  the  pigment.  (If  they  have  not  been  injured,  about 
8%  will  be  found  pliagocyiic. ) 

5.  Quinin  on  Emigration  of  Leucocytes. —  Dispose  a  frog  for  the 
observation  of  the  mesenteric  circulation  (see  page  796).  Apply  some 
1%  solution  of  quinin  hydrochloric  to  a  limited  space.  Observe  the 
effect.  Place  an  unpoisoned  portion  in  the  field  and  inject  I  or  2  c.  c. 
of  the  quinin  solution  in  ihe  dorsal  lyniph-sac.  Compare  the  results 
with  figure  73,  page  332.  Continue  the  observation  for  half  an  hour, 
if  necessary. 


FcnDentatioD  tube. 
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EXERCISE  21  — EFFECTS  OF  DRUGS  ON  HEMOGLOBIN 

Study  in  connection  with  Chapter   V'U  or  XVM 

Explanatory. —  The  blood  pigment,  hemoglobin,  give*  i  chanKltni- 
tic  absorption  spectrum  (Fig.  79.  page  J78.)  It  i<  easily  tltercd  tiy 
chemic  reagents,  with  corresponding  moditicatiL'n»  in  the  spectrum. 
This  is  sometimes  important  in  diagn«»sing  poi>onnig  (It  i»  not  ww** 
sary  to  repeat  those  experiments  which  have  been  performed  in  the 
phv^io!oRy  course.)  ^ 

Experiments. —  Use  a  solution  of  four  parts  of  defibrinated  blood 
in  100  pnru  of  water  or  of  '/!«%  ^aOH. 

I.  Oxyhemoglobin. —  Place  some  of  the  solution  in  a  test-tube  aod 
examine  with  the  spectroscope  and  note  tijc  two  dark  bncs,  bctw«o 
yellow  and  green    (dihning  if  necessary) 

a.  Reduced  Hemoglobin.—  Add  a  few  drops  of  frefh  ammoninm 
siulphid  to  tlic  tcst-tulu;:  notice  the  darker  color  and  observe  the  iiftjlf 
band. 

3>  Carbon  Monoxid  Hemoglobin. — (a)  Pass  some  coal  gas  tkroai!^ 
a  little  of  the  original  blood.  The  spectrum  is  almost  unchangAl  Tl* 
color  is  1  deeper,  brighter  red.  Add  a  few  drops  of  the  sulphid:  Tic 
double  band  persists:  there  is  no  reduction. 

Carbon  Monoxid,  which  is  the  principal  toxic  ingredient  of  c«>«I  gi^ 
acts  by  combining  so  firmly  with  hemoglobin  that  \i  cannot  takf  v9 
oxygen.  Death  therefore  occurs  by  asphyxiation.  The  oimhinAticn  t» 
broken  up  by  a  great  excess  of  oxygen,  so  that  recovery  U  pos«Ne 
willi  artificial  respiration  or  the  inhalation  of  r.xygcn. 

The  skin  and  mucous  membranes  arc  of  a  bright,  cherr>'  red  color  w 
carbonic  oxid  poisoning:  whereas  they  are  blue  in  ordinary  asphy^i* 

The  color  of  the  bluod  itself  is  the  most  certain  proof  i?f  cir^w"^" 
oxid  poisoning.    The  test  is  performed  as  follows: 

(ft)  Add  a  drop  of  undiluted  blood  to  each  of  two  tc5l-inl)f«.  h*" 
filled  with  water.  Pass  a  stream  of  coal  gas  through  i.tnc  of  tht  tnh*^ 
and  note  that  the  color  changes  from  amlwr  to  carmtn.  In  >tt*(i«tj« 
poisoning,  a  drop  of  blood  is  drawn  from  the  finger,  diluted  xf  in  WiJ 
above,  and  compared  with  the  control  tube.  Tlic  depth  of  ih(  rn 
color  permits  an  approximate  estimate  of  the  degree  to  whifh  **" 
hemoglobin   is  saturated   with   CO. 

4.  Alkali  Hematin,— Add  a  few  drops  of  scwiium  hydrate  to  tj 
diluted  blood.  The  color  deepens;  tlie  speclrnm  change*  to  a  brow, 
diffuse  band 

5.  Acid  Hematin.— Add  a  little  dilute  acJd  to  the  diluted  bM^ 
the  color  becomes  brownish,  and  some  precipitation  n»y  occtif.  >■■ 
spectrum  shows  a  sharp  line  in  the  red. 

The  blood  in  the  vessels  does  not  show  acid  or  alkali  hcm»t«:  ^^ 
in  severe  poisoning;  but  they  may  be  discovered  locally;  /.  g..  "  '■* 
vomit. 

6.  Methemoglobin. —  Put  some  of  the  diluted  Wood  ('abo-: 
into   a    scries   of   ^.ix    test-tubes.     Add   the   reagent*    mentior.ci.;  ' 
and  note  changes  in  color  and  spectrum  at  once      If  none  appof*  P*^ 
in  a  water  bath  at  40*  C.  and  observe  every  half  hour. 

t.  25  drops  saturated  KCIOi. 
i.    '^       '^      5%  Pol    fcrricyanid. 


fo^r  NaNO,. 

t%  KMnO.. 


*  Doc's  blood  cnntaini  on  an   average   15%  of  hcfnoj^lobin;   Inw-r*  — - 
5.     M.—  WalrrhAth^,     Hilutcd     hlocxl     Cl     Uteri,    undituied    .Ir^HrtnalM 
f  0  c.  c. 
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5.  25  drops  Phenylliydrazin. 

6.  *'        "       10%      Pyrogalfol      ( Methemoglobin     spectrum     and 
precipilate  of  HemogaMol). 

Metheinoglobin  has  a  rather  brown  color  and  shows  a  sharp  band  In 
the  red,  closely  rci^emhlinK  acifl  hematin  (see  figure). 

To  one  of  the  icbl-tubcs  which  shows  a  good  methemoglobin  band, 
add  a  little  ammonium  sulphid :  tht  reduction  occurs  comparatively 
siowl}'.  and   more  of  the  rcaRtiU  is  required. 

Explanatory.— Methemoglobin  is  a  peculiar  modification  of  oxy- 
hemogloljiii.  It  differs  from  the  latter  in  being*  less  readily  reduced. 
The  cnnvcrsion  of  any  considerable  proportion  of  the  btood  pigment 
into  melhemogliihin  therefore  leads  to  asphyxia,  characterized  by  in- 
tense cyanosis.  This  conversion  lakes  place  even  more  readily  in  the 
body  than  in  the  test-tube;  the  chlorate  and  the  coal  tar  products  are 
especially  apt  to  produce  the  effect  in  living  mammals,  whilst  they  act 
sluggishly  on  shed  blood. 

The  conversion  of  hemoglobin  into  methemoglobin  can  be  effected 
by:  Oxidizing  agents  (r,  2,  4).  reducing  agents  (3,  6),  coal  tar  de- 
rivatives (5).  The  rapidity  of  the  conversion  varies  considerably;  in 
2,  3,  and  4  it  is  almost  instantaneous:  in  i  it  may  require  several 
hours;  the  others  arc  intermediate.  The  results  arc  somewhat  differ- 
ent in  the  intact  mammals.  CIO^  and  the  coal  tar  products  being  quite 
active.     (5)   may  also   show   the  band   of  reduced   hemoglobin. 

7.  Cyan-HemogJobin. —  Add  a  drop  of  2%  hydrocyanic  acid 
10  some  of  the  diluted  blood,  and  to  some  methemoglobin  solution. 
The  first  shows  no  change.  In  the  second,  the  color  brightens  and  the 
spectrum  changes  so  as  to  resemble  reduced  hemoglobin  (see  figure), 
Thii^  reaction  may  be  used  as  a  test  for  hydrocyanic  acid  or  for  met- 
hemoglobin. 

This  peculiar  combination  of  cyan  and  hemoglobin  does  not  occur 
normally  during  life  —  since  the  blood  does  not  contain  methemoglo- 
bin The  latter  may  be  formed  after  death,  especially  in  ecchymotic 
areas ;  and  the  bright  red  color  of  these  spots  is  a  characteristic  feature 
of  cyanul  poisoning. 

Formulaic  conclusions  on  the  whole  exercise. 

EXERCISE  22  — EFFECTS  OF  DRUGS  ON  RED  BLOOD 
CORPUSCLES. 

Study  in   connection   with  Chapters  VIT.  XVIIT,  or  XXIV. 

Explanatory. —  The  pigment  of  the  corpuscles  may  be  altered  in  the 
manner  studiefl  in  the  preceding  exercise.  The  strncture  of  the  cor- 
puscles may  alvti  bo  affected  by  poisons.  The  principal  changes  are 
hemolysis   (lakitig).  crenatiou.  and  agglutination. 

A.  hemolysis  (Laking). —  Tliis  consists  essentially  in  a  solution  of 
the  corpuscles;  after  a  preliminary  swelling,  the  hemoglobin  and  salts 
pass  from  the  corpuscles  into  the  serum  (which  therefore  becomes 
colored).  The  •stroma  can  at  first  l>e  distinguished,  especially  by  stain- 
ing, as  colorless  "ghosts,"  floating  in  the  amber  colored  fluid.  These 
also  are  eventualty  flissolvcd. 

Laking  agents  act  by  increasing  the  permeability  of  the  cell -envelope. 
This  consists  largely  on  fatly  flipoid }  substances,  especially  lecithin 
and  cholcsterin.  All  fat  solvent^;  —  ether,  alkalies,  saponin,  etc  — 
therefore  produce  laking.  They  may  be  robbed  of  this  action  by 
previously  saturating  them  with  oil.  The  bacterial  hemolysins  probably 
act  analogous  to  saponin. 

The  entrance  of  water  into  the  cell  also  causes  laking.     This  occurs 

S.  M. —  Water   baths,  diluted   blood    (1    Liter),    undiluted    dcfibrinated    bloody 
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when  the  cUI   is  laid  in   water,  or  in  any  solution  of  a  weaker 
content  than  serum.     The   result  is  due  lo  osmosis  (see  below). 
Urea  ia  an  exception:  it  does  not  prevent  taking. 

B.  Stronger  salt  solutions,  on  the  other  hand,  withdraw  water  ifota 
tlic  cell,  and  shrivel  it,  producing  "  crenatlon.*' 

Other  cells  iK-have  in  a  very  similar  manner. 

C.  Agglutination  consists  in  the  clumping  of  corpuscles  It  i* 
probably  due  lo  a  change  in  the  viscidity  of  the  envelope.  It  may  1* 
produced  by  dilute  acid  and  some  other  chemJc  agenls»  but  is  ««i 
most  typically  with  certain  toxins,  the  agglutinins. 

ExpcrimentB: 

Record  the  results  and  summarize  the  conclusions. 
I.  In  Tcst-Tubes: 

Put  into  8  perfectly  clean  and  dry  test-tubes: 
(a)  5  c.  c.  of  0.9%  sodium  chlorid. 

("6)  5  c.c.  of  0.9%  sodium  chlorid  containing  */f%  of  crude  Sapftnin. 

(r)  5  c.c.  of  o.y%  sodium  chlorid  containing  Vip%  of  crude  Sapoai" 

and  5  drops  of  cottonseed  oil. 

(rf)  5  c.c.  of  0.9%  sodnim  chlorid  and  20  drops  of  ether 


{c)  5  c.c.  of^o.9%  sodium  chlorid  containing  1%  of  urea. 


7)  5  c.c.  1%  urea. 

(r)  5  C.C.  2%  Na,CO,. 

(rt)  5  c.c.  of  di.tttlled  water 

{e  and  /  must  be  freshly  prepared) 

Add  to  each  tube  2  drops  of  defibrinatcd  blood  and  shake,  Ob«n* 
after  half  an  hour  in  which  iiihc  laking  has  taken  place,  as  HcnotfO  tj 
the  clearness  of  the  mixture,  or  the  color  of  the  supernaiant  flwul 

Isotonic   solution  of  sodium  chlorid   (a)   is  indincrcnt,  and  <' 
cause  laking.     Tlic   addition   of  sapotoxin    ih)    dissolves  the   ii-' 
vclope.  and  thus  allows  laking.     If  oil  is  added.   \.c\    the  saooloxtc  '- 
bound  and  cannot  act  on  the  corpuscles,  and  (here  is  no  laking.    1 1" 
the  body,  the  cholesterin  and  lecithin  of  the  blood  act  as  pmtectivf* '" 
this  way.)     Either  (rf)  and  other  fat  solvents,  as  also  alkalies  iO  ''*^ 
cause  laking  by  dissolving  the  fatty  envelope.     Water   (A)   inj':-   '  *■ 
corpuscles  by  removing  the  salts.     Urea   (f)   acts  like  water.     1 
case   the  addition   of   salt   in   isotonic   proportion    (a   and  r)   (ut:     ' 
laking. 
II.  Microscopic: 

{a)    Place   a  drop  of  defibrinatcd  blood   on  a   slide  under  a  W^*" 
glass.     Kxamine  with  the  medium  power  of  the  microscope.    Ad''  '.' 
one  edge  a  drop  of  2%  saponin   in  09%   NaCI.  strongly  tinv'^ 
nicthylcn   blue.     It   will  be   seen   that  the  corpuscles  lose  their 
glubin,  but   the   stroma    ("ghosts")    remains   for  a  consideriblf  i'"**^ 
and  can  be  discerned  faintly  by  the  methylcn-blue  stain. 

(b)  Repeat  the  last  experiment,  but  add  water  tinged  with  mf ***^" 
blue    in    place   of   the    saponin    solution;     The    corpuscles   arc 
swell   and  to  lose  their   hemoglobin,   but   more  slowly   than  w;; 
saponin. 

(c)  Repeat  the  experiment,  adding  amyl-alcohol  in  place  of  »« 
waler:  Move  the  cover-glass  a  little:  the  corpuscles  become  W*' 
tinatcd  into  small  clumps  and  then  lose  their  hemoglobin. 

(rf)   Hyperosmotic  Solutions  on  Blood  Corpuscles. —  To 
fibrinatcd   blood   under  tlie  microscope  aAA   a  drop   of   - 
solution :    The   corpuscles   shrivel   and   become   crrnatcd,   ny   \,\^  - 
straction   of   water.     Similar   phenomena    can   be   seen    in   ii»*t  <^^ 

f  K-  ,    .     ,„ 

(r)  Phstnolysis   (Optional). —  Add  some  saturaterl   salt  solntiOfl  ^ 

S.   M. —  Micro»cop«    (tncdiura    power) ;    slides   ind   cown.     Srirovrrfc-    ^'^ 
defibrinatcd  blood. 
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enre»djM»t spirogyra  (a  green  fresh-water  alga)  under  the  micro- 

>pc;     The  protoplasm  retracts  from  the  cell   wall. 

(/ )  Aggiutination  by  I  'egctablc  Toxin. —  On  one  end  of  a  slide 
place  a  rather  large  drop  of  ag%  NaCl ;  on  ihe  other  end.  a  similar 
drop  of  0.1%  ricin  in  0.9%  NaCl.  Add  to  each  a  small  drop  of  de- 
fibrmaied  blood,  cover,  and  examine  with  the  microscope  after  6ftcen 
minuter:  The  corpuscles  in  the  ricin  solution  will  be  "agglutinated" 
into  clumps.  Many  toxins,  and  the  sera  of  foreign  species,  have  a 
similar  action. 


EXERCISE   23  — PHYSICAL    PHENOMENA   OF   OSMOSIS. 

t  Study  in  connection  with  Chapter  VIl  or  XXIV. 

The  physiologic  effects  of  osmosis  are  studied  in  Exercises  46  and  70. 
Explanatory. —  It  wa.s  seen  in  the  preceding  exercise  that  the  proto- 
isni  of  cells  takes  up  water  and  swells  when  they  are  placed  in  dilute 
tolutiun>i:  ivhilst  it  loses  water  and  shrinks  when  they  are  placed  in 
strong  solutions  of  salts,  and  indeed,  of  most  soUihle  substances.  This 
process  i.%  called  osmosis.  In  order  that  osmosis  may  occur  it  is  neces- 
sary that  the  two  solutions  (in  this  case  the  protoplasm  and  the  salt 
solution)  have  a  different  concentration;  and  that  they  are  separated 
by  a  membrane  (the  cell  wall)  which  is  permeable  to  water,  hut  not 
to  the  dissolved  midecules.  A  membrane  of  this  kind  is  called  semi' 
pifrmcahlc  A  membrane  which  is  not  quite  impermeable  to  the  dis- 
iplved  molecules  but  which  interposes  more  resistance  to  them  than 
^Kdocs  to  water,  may  Ije  termed  partly  semipermeable.  Most,  if  not 
^Pl,  cell  walls  belong  to  the  last  class;  so  docs  parchment.  These 
membranes  often  possess  a  different  degree  of  permeability  for  differ- 
cnl  vilts. 

KThe  molecules  of  a  substance  in  the  state  of  solution  behave  precisely 
ce  the  molecules  in  a  gas  (Van't  Hoff's  Theory),  and  obey  the  same 
BTS  (Gay-Lussac's.  Avogadro's.  Boyle-Mariottc's).  They  therefore 
tend  to  distribute  themselves  evenly  through  the  space  at  their  dis- 
>»al,  t.  c  ,  through  the  solvent  When  they  are  prevented  from  doing 
by  the  interposition  of  a  semi  or  partly  seniipenneable  membrane, 
fv  exert  a  pressure  which  is  strictly  proportional  to  the  number  of 
>iecnles  present  in  a  unit  of  space,  and  independent  of  the  nature  of 

molecules.     This  is  called  the  osmotic  pressure. 
[A   mot   (molecular  weight  expressed   in  grams)   dissolved  in  a  liter 
water   exerts  the   same  pressure  as  a   mol  of  gas   confined  in   the 
space,  i.  e..  22.34  aimnppherc?  at  0°   C.    This  osmotic  pressure 
onlj-  be  realized  under  the  above  conditions  —  1.  e..  when  two  sola- 
rs are   separated   by  a   semipermeable  membrane.     If  the  two  solu- 
is   have   the   same    molecular   concentration    (mols   per    liter\    they 
jjll  be  under  the  same  osmotic  pressure;  they  are  said  to  be  isotomc. 
they   are  of  different    concentration,  the   stronger    solution    will   be 
ler  a  higher  pressure;  it  is  said  to  be  hyperisotomic :  the  weaker  is 
i\  ^    '  V.     This   difference   of   pressure   lends    to   equalize   itself   by 

111'  of  the  solvent  through  the  membrane,  *:o  as  to  render  the 

,■  ..ii.vins    of   equal    concentration.     This    changes   the    volume    of 
solulifins:   the   weaker   solution   diminishes,   the  stronger  gains,   in 
(nme.     This  is  the  explanation  of  the  changes  in  t  .e  volume  of  the 
Is  in  the  preceding  and  following  experiments. 

i<   law    that  the  osmotic   pressure   is   directly   proportional   to  the 

ilecnlar   concentration    holds   strictly   only    for   substances    like   urea. 

Sohol.  sugar,  etc.     It  needs  to  be  modified  for  acids,  bases,  and  salts: 

in    dilute    solutions    the    molecules   of   these  substances    fall    apar, 

frugments   acquiring   charges   of  electricity,    and    being   known    as 

\Arrhenius'    Hypotliesis).     The    degree    of    ionization    increases 
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with  diUiiion.    Each   ion  behaves  physically  like   an   entire   moleoilr. 
A  very  dilute   solution  of   NaCl  therefore  exerts  twice  the  calculated 

osmotic   pressure;    sulphuric   acid    (H-H-SO*)    three    times;    sodiitiD 

+  +-!-  — 
phosphate  (Na-Na-H-PO#)  four  limes,  etc.  (The  4-  and  —  indicate 
the  nature  of  the  electric  charge  which  is  carried  by  the  ion.)  The 
undi.ssociated  molecules  and  the  ions,  existing  in  a  solution  under  given 
conditions,  arc  called  collectively  mol-ions.  It  is  really  the  molions, 
and  not  the  mols,  which  determine  the  osmotic  p^e^ftu^e. 

The  experimental  dclerniinalion  of  the  absulute  osmotic  pressure  t» 
beset  with  srrions  icclmic  difiictilties.  It  requires  the  construction  of 
a  vessel  with  strictly  semipermeable  walls,  of  sufficient  strength  to 
withstand  the  high  prt-ssurc. 

The  PIcfFer  cell  is  the  nearest  approach;  a  porous  clay  cell  i«  filM 
with  copper  sniphate  and  set  in  a  solution  of  potassium  ferrocyanid 
The  two  solutions  meet  in  the  pores,  and  cause  a  precipitate  of  the 
reddish  brown  copper  ferrocyanid,  which  functionates  as  a  semiper- 
meable membrane.  Osmonu'lcrs.  thistlc-shaiied  tubes  closrd  with 
parchment,  bladder,  or  peritoneal  membrane,  are  useful  in  certain 
physiologic  experiments  ;  but  they  are  only  partly  semipermcal>le. 

Fortunately,  there  are  other  properties  of  solutions  which  vary  pre- 
cisely with  the  molecular  concentration,  and  which  arc  much  more 
easily  determined.  Sucli  are  the  boiling  point,  or  most  conveniently, 
the  frec7ing  point.  Each  molion.  added  to  a  liter  of  water,  depresses 
the  freezing  point  of  the  water  by  exactly  1.85**  C.  (Raonlt's  La«>. 
This  depression  of  freezing  point  is  denoted  by  \  A  1%  NaCl  solu- 
tion gives  ^0.589. 

A  table  of  other  solmJons  having  the  same  -^  is  given  on  page  000 

The  freezing  point   can  he  used   for  the  following  calculations; 

A 

I.  The  Molecular  concentration  := 

1.85 

A  X  1697  8  I" 

a.  The  Osmotic  pressure  =  - -X(l  +  — )   cm.  of  mer- 

1.85  27 J 

A  X  22.J4                        t' 
cury   or  X    (I    +  )    atmospheres    (t*^ temperature  m 


I 


273 


1.85   X   Cra  per  liter 


(if  no  ionifi- 


A  X  molecular  wfieht 


1.85 
degrees  centigrade). 

J.  The   Molecular   Weight 

tion  occnrs). 

4.  The  Dissociation  Coefficient  (factor 0  = 

1.8s  X  Cm.  per  Iilf 
(This   factor  gives   the  ratio  on  molions  to  moU.     It   is  used  for  dr 
ducing  the  actual  freezing  point  or  molecular  concentration,  from  that 
which  is  calculated  on  the  assumption  that  no  dissociation  occurred^ 

i  — 1 
5-  The     proportion     of     ionized    molecules      ( factor    a)  =  — ^ 

n  — 1 
lg  the  factor  of  the  last  paragraph;  n.  the  largest  number  of  i<*> 
Wiich  the  molecules  can  «pltl  (2  for  NaCl,  3  f«'r  Na-SO*.  etc.). 
ffk  out  the  following  problcnrs  and  check  the  answers: 
iVhat  i?  the  molecular  concentration  of  blood  sernm.  if  A=©S55' 
0.3. 
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580. 


2.  What  is  its  osmotic  pressure  at  38°   C. ?     Answer: 
or  7.6  atni. 

J.  What  is  the  molecular  weight  of  urea,  if  a  2%  soliuion:=  A0.62? 
Answer:     59.7. 

4.  What     is    the    dissociation    coefficient    of    a    i%    NaCl    solution 
(A  0.589:   molecular  weight,  58.4)?     Answer:     1.85. 

5.  What  fraction  of  the  molecules  is  ionized?     Answer;    0.85. 
Osmotic   Prt'ssurtr    Through    Fartly  Semit*erm fable   Membranes.—  It 

is  evident  that  this  cannot  rtach  Ihe  theoretic  level ;  for  some  of  the 
molecules  will  escape.  If  the  membrane  is  as  permeable  to  the  dis- 
solved molecules  as  it  is  to  water,  there  can  he  no  osmetic  pressure 
whatsoever,  no  matter  what  the  concentration.  Such 
a  solution  will  therefore  be  hypoisotonic  to  a  solu- 
tion, the  dissolved  molecules  of  which  cannot  pass 
the  membrane.  One  may  therefore  see  the  para- 
doxic phenomenon  of  a  weaker  solution  (of  a  non- 
permeating  substance)  being  hyperisotonic  to  a 
stronger  solution  Cof  a  permeating  substance).  The 
law.  that  equimolecuUr  solutions  (having  the  same 
molecular  concentration)  are  isotonic,  holds  there- 
fore only  for  strictly  semipermeable  membranes. 
The  cell  membrane  of  the  red  blood  corpuscles  is 
strictly  semipermeable  to  most  substances,  The 
corpuscles  are  therefore  isotonic  to  a  0.9%  NaCl 
solution,  and  to  cquimoleeular  sofutions  of  most 
other  substances.  Urea  and  ammonium  sails  are 
exceptions;  they  penetrate  readily,  and  their  solu- 
tions are  consequently  hypoisotonic  and  produce 
taking  (see  preceding  exercise).  Many  other  cells 
{for  instance,  those  of  the  kidney),  show  more  nu- 
merous peculiarities  of  penetration  (see  below). 

Solutions  of  substances  with  very  large  molecides 
always  exert  a  low  osmotic  pressure,  since  even  the 
strongest  solutions  must  have  a  low  molecular  con- 
centration. To  this  class  belong  the  colloids  — 
gums,  proteids,  gelatin,  ctc- 

Osmosis  is  most  conspicuous  with  the  substances 
of  small  molecular  weight,  the  crystalloids.  It  is 
most  important  in  the  case  of  salts;  the  subject  of 
osmosis  is  therefor  often  called  S.^lt-Action. 

Exercises  (Demonstrations) —  i.  Determination 
of  Freezing  Point. —  This  is  done  by  the  Beck- 
mann  Apparatus  (Fig.  122).  This  consists  of  a 
thermometer  (g),  with  an  arbitrary  scale  (which 
must  be  adjusted   for  each  determination,  see  be-  pj       i^j— Beck- 

low)    graduated   in  o.or"   C.     This  is   supported  by    mum  Hcidenhain'iiap- 
a  cork  in  a  large  strong  ttst-tube    (e),  which  may    (laratus   for  deicrmin- 
hear  a  side  piece   (f)    for  the   introduction  of  ice.   rf\  soim.o"'"'''' 
The  cork  is  perforated  for  a  platinum  stirrer   ih). 

The  test-tube  is  supported  in  a  larger  lube  (rf),  which  acts  as  an  air 
jacket,  equalizing  the  temperature.  This  sits  in  a  jar  (a)  of  freezing 
mixture,  together  with  a  stirrer  ( c )  and  ordinary  thermometer. 
The  principle  of  the  method  consists  in  ovcrcooliug  the  contents  of 
the  test-lube  until  ice  forms,  when  the  thermnmctcr  column  suddenly 
rises  and  comes  to  a  standstill  at  the  correct  freezing  point.  The  zero 
3>oint  is  first  controlled  by  the  standard  sodium  chlorid  solution  (lO 
Cms.  of  dried   salt  dissolved   in  a  liter  of  water.  ^^0.589). 

Fill  the  outer  jar  with  a  freezing  mixture  of  pounded  ice  and  salt. 
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This  is  stirred  occasionally  throughout  the  determination,  and  kept  a 
about — 5"  C  by  the  addition  of  salt  or  ice.  Place  the  standard  ytiiium 
chlorid  solulion  in  the  tube  and  insert  the  thermometer,  so  thai  th< 
bulb  is  raised  about  a  centimeter  above  the  bottom  uf  the  lube.  Tht 
level  of  the  solution  should  be  i  to  J  cm,  above  the  bulb.  Plunfr 
the  tube  directly  into  the  freezing  mixture,  stirring  the  solution  con- 
stantly. The  mercury  will  be  seen  to  recede  from  the  rcjervoir  uid 
descend  into  iht'  stem;  at  a  certain  point  it  will  reverse  its  motion  ut4 
ascend.  Transfer  the  tube  quickly  from  the  mixture  to  the  jacket- 
tube,  continuing  the  stirring.  When  the  columns  come  to  a  ManiJ- 
slill.  lake  a  reading:  this  is  merely  approximate.'  Remove  the  tubi 
and  stir  until  only  one  or  two  particles  of  ice  remain  melted.  Plunge 
for  a  moment  in  ihc  freezing  mixture,  then  into  the  jackei-iubf.  im 
stir  until  the  mercury  is  constant.  Take  a  reading  with  a  lem.  i»6 
rt'peat  melting  and  freezing  twice.  The  reading.^  should  not  differ  by 
more  than  oooj"  C.  Take  the  average.  Adding  0,580  to  the  rewh 
gives  the  zero  poim  of  the  thermometer,  from  which  all  other  readinp  ^ 
must  be  subtracted.  The  A  of  dcf^brmatcd  blood  and  a  ^mptc  ol  ^ 
urine  may  now  he  determined. 

3.  Hamburger's  Blood-Corpuscle  Method. —  Blood  corpuscles  an 
laked  when  placed  in  a  solution  of  a  certain  concentration  labutK 
0.525%  NaCI);  the  rclaiive  concentration  of  solutions  may  thercfnrt 
be  determined  by  comparing  them  with  a  known  sodium  chlond  soliv 
tion.  This  holds  true  only  if  the  blood  corpuscles  are  equally  i^lpc^ 
mcable  to  the  observed  substance.  It  may  be  accepted  as  correct  for 
most  substances,  with  the  notable  exceptions  of  urea  and  ammoniorp 
salts. 

Prepare  solutions  of  NaCI,  NaNOi.  and  Urea,  all  having  the  SAmt 
freezing  point  (1%  XaCI ;  1.535"^  NaNO,;  1.89%  Urea),  Set  up  J 
scries  of  clean  test-tubes,  of  about  15  c.  c.  capacity,  and  of  cQial 
diameter.  With  a  pipette,  graduated  accurately  in  Vi»  c.  c.  place  m 
the  first  4  c.  c.  of  the  NaCI  solution  and  6  c. c.  of  water;  in  the  seconi 
4,5  c.  c.  NaCI  and  5.5  of  water:  third.  5  c.  c.  and  5  c.  c;  fourth  >• 
c.  c.  NaCI  and  4.3  c  c.  water;  fifth.  6  c.  c.  NaCI  and  4  cc.  wiifr 
Place  corresponding  dilutions  of  NaNO«  and  of  urea  in  the  otbff 
tubes.  Mix  the  contents  of  each  tube.  Add  to  each  10  drops  oi  <1<- 
fibrinated  blood.  Let  stand  overnight.'  Note  the  tube  in  each  »enf< 
in  which  there  is  just  perceptible  laking.  This  will  be  the  safflf  (or 
the  chlorid  nnd  nitrate,  hut  all  the   urea  tubes  will   be  laked 

3.  Osmotic  changes  in  the  weight  of  Tissues. —  Place  the  folkiff- 
ing  solution.s  into  evaporating  dishes. 

a.  Water. 

b.  5%   NaCI. 

f.   1%  NaCI.  - 

rf.  l-rea.  ?  Of  the  same  freezing  point  as  1%  N»0 

e.  Sodium    Citrate.  S         see   page   822). 

fresh  dog's  or  rabbit's  kidney  into  sections  about  i  mm  tliiHt. 

section   in   t%   NaO   for  a   moment.  dr>-   it   superficiallv  witl* 

filter  paper,  and  weigh;  lay  it  in  solution  a     Prepare  other  section^  ^t 

the   same  manner,   laving   them   in   the  other   solutions.    Lea%T  in  tkf 

)lutions  for  half  an  hour,  then  again  dry  and  weigb  the  sections,    TV 

S.    M.— Becktnann    apparatus;    mU:    noundeil    ice:    1%   NsQ:    *«*»*'>•**»  "Pi 
iluttons   for  Hamburfrcr's   method;   defihrinatcd  blood;   sections  of  kidney;  «""• 
aoliitioni    for    kidney    rxperimciit.      Analytic    balance. 

1  ff  this  point  come*  at  an  inconvenimt  place  ni  the  »trm.  the  tbenaoiPCW* 
must  be  taken  out  and  some  mercury  tuhtracted  or  added  %o  tht  CDhuBfl.  ^ 
grntly   ^bakinn. 

'  Tlic  preccdintt  part  of  the  experiment  may  be  prepared  on  ttK  prtwfcil 
day,   onI\    the   rc»ull»  beinR  demnnftrated. 
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weights  win  he  changed,  the  sections  having  absorbed  or  lost  water 
tJirough   osmosis : 

|(fl)  increase  of  weight  —  water  being  strongly  hypoisotonic. 
(b)  decrease  "        *'      — 5%  NaCl  being  strongly  hyperisotonic. 
(c)   increase    "        "     — The  protoplatini   of   the  kidney  cells   is 
therefore   hyperisotonic   to    1%    NaCl 
(and   consequently   to   blood   serum). 
It    requires    about    1.8%    of   NaCl   to 
keep   the  weight   unchanged. 
(</)  increase  '*        "     — much  larger  than  in  (c).    Consequently, 
the  kidney  cells  are  easily  permeable 
to  urea. 
(#)  decrease  "        '*     — The  sodium  citrate  penetrates  less  read- 
ily than  sodium  chlorid. 

The  experiment  illustrates  strikingly  that  the  osmotic  pressure  de- 
pends not  only  on  the  molecular  concentration,  but  also  on  the  per- 
meability of  the  cell  wall,  which  is  different  for  each  substance,  in  the 
tncy.     Urea  penetrates  readily,  chlorid  Jess,  and  citrate  still  less  so. 


CHAPTER  XXXVI. 

EXERCISES  ON  FROGS  AND  INTACT 
MAMMALS. 


Preliminary  Renurlcs. —  Before  starting  on  this  division  of  the 
work,  the  student  should  read  the  methods  (pages  792  to  820)  ;  also  the 
remarks  on  note-taking  (page  823).  The  contents  of  the  lockers 
should  be  checked  (Table  XXIII.  page  785). 

The  conditions  in  animal  experiments  are  much  more  complicated 
than  in  chcmic  work.  The  student  must  learn  to  fix  his  attention  on 
the  main  phenomenon,  without  neglecting  anything  whatsoever.  The 
more  functions  he  can  embrace  in  his  observations,  the  more  valuable 
will  be  the  results  and  the  training. 

On  account  of  slight  differences  in  dosage,  in  the  surrounding  con- 
ditions and  in  the  idiosyncra.sy  of  the  animals,  the  results  are  often 
atypical.  This  should  be  reported  to  the  demonstrator;  for  these  ab- 
normalities sometimes  demonstrate  some  fact  of  elcmentar>*  impor- 
tance, which  it  might  be  difficult  to  reproduce  by  intentional  experi- 
ments. They  should  be  shown  to  the  class.  The  demonstrator  should 
sec  to  it  that  every  member  of  the  class  sees  the  typical  effects;  if  not 
m  his  own  experiment,  then  at  least  by  the  demonstration  of  the  re- 
sults of  another  set.  The  time  elapsing  between  the  administration  and 
the  occurrence  and  disappearance  of  the  symptoms  should  be  particu- 
larly noted. 

The  class  may  be  divided  into  small  sets  of  3  students,  four  of 
which  should  be  in  care  of  a  demonstrator.  Two  sets  may  share  a 
locker.  It  is  not  necessary  that  every  student  pcrfonn  every  experi- 
ment :  in  many  instances,  it  is  more  profitable  to  divide  the  exercise 
between  the  sections.  Every  student,  however,  should  see  each  experi- 
ment. 

A  class  reporter  should  he  npi>ointcd  each  laboratory  day.  He 
diouid  be  relieved  from  the  performance  «if  the  experiments,  but 
iM  collect   and   summarize   the   results   and  conclusions,   and   read 
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his  report  at  a  weekly  meeting.  This  report  should  be  criticized  by 
the  class  and  instructor  and  should  count  in  the  final  grade  Tbe 
conclusions  should  be  restricted  to  the  results  of  the  expcrimaU 
The  reports  should  be  filed  for  reference  by  future  classes. 


EXERCISE  24  — THE  ABSORPTION  OF  DRUGS. 

Exercises  24  to  29  may  be  studied  in  connection  with  Chapter  Y\\. 

The    experiments    may    be    demonstrated,    or    divided    amongst   the 
students. 

Read  up  the  administration  of  drugs,  pages  803  to  805. 

Explanatory. —  Most  drugs  must  be  absorbed  before  they  can  pro- 
duci*  any  action.  This  holds  particularly  for  drugs  whidi  act  syr 
icmicaily;  i.  c,  on  the  body  cells  (in  contradistinction  to  the  li^fnHy 
acting  drugs,  the  effects  of  which  are  confined  to  the  place  where  the? 
are  applied,  or  to  reflexes  originating  from  this  point).  The  subject  oi 
absorption  has  therefore  a  great  practical  importance.  Absorption  nuy 
occur  from  most  of  the  surfaces  of  the  body,  but  with  very  differctit 
facility.  The  intact  skm  of  mammals  is  almost  impermeable  to  ■«" 
tcry  .solutions,  but  absorbs  oils  and  volatile  substance  (consult  exer- 
cise t3,  No.  lo).  The  skin  of  frogs,  however,  absorbs  walenr 
solutions  readily.  In  mammals,  the  most  usual  channels  of  absorp- 
tion arc  the  alimentar^y  canal,  the  subcutaneous  and  muscuUr 
tissue,  and  the  lungs.  The  rapidity  of  absnrjMion  varies  with  th* 
nature  of  the  drug  and  the  place  of  administration.  It  i"^  '.''"-"i'* 
priipitrlional  to  the  volatilily  and  solubility  of  the  drug.  %■ 
stances  arc  absorbed  most  rapidly  from  the  lungs;  water> 
from  intramuscular  and  subcutaneous  injections ;  resins  and  oil* 
from  the  intestinal  tract.  The  absorbability  from  the  different  por- 
tions of  the  alimentary  canal  varies  for  different  animals  and  draft' 
It  is  generally  most  effective  from  the  small  intestine:  less  so  from 
the  stomach  and  rectum.  In  man,  the  stomach  generally  absorbs  bel- 
ter than  the  rectum:  the  reverse  is  true  of  the  rabbit.  The  uninjtirrJ 
urinary  bladder  is  practically  impermeable,  whilst  the  mucosa  of  the 
urethra  is  a  good  absorbing  surface.     Most  mucos;e  absorb  readily 

Absarplion  is  retarded  by  the  presence  of  fats  or  colloids,  gum*. 
protfids,  or  "extractives." 

Experiments:  (To  be  Demonstrated") .—  I.  Absorption  of  J^olubte 
Drugs  18  Generally  More  Rapid  When  They  are  Given  Hypo* 
JcrmicaUy,  Than  When  They  are  Given  by  Mouth. —  Give  tn  1 
rabbit  i.o  mg.  per  Kg.  of  strychnin  sulphate  (i.o  c.  c.  per  Kg.  of  '/>•'** 
hypodermically,  and  to  another  rabbit  the  same  amount  by  the  sionuoiv 
tube.  The  first  rabbit  shows  the  typical  strychnin  convulsions;  il;* 
second  shows  verj-  little  effect.  Draw  a  sketch  of  the  typical  teiaflic 
condition. 

II.  Drugs  Which  are  Insoluble  in  Water  May  be  Absorbed 
More  Efficiently  from  the  Stomach. — Give  to  a  dog  i  c,  c.  per  Kj; 
of  fluide.xtr.ict  (diluted  with  two  volumes  of  water)  of  Caimohu  /*• 
ifica  hypodermically,  and  to  another  dog  the  same  dose  by  stonucli* 
tube.  The  former  animal  shows  little  effect  beyond  local  irritatttw- 
the  latter  shuws  the  typical  effects  of  the  drug  (ataxia  and  *IrtP» 
possibly  preceded  by  nausea  and  vomiting). 

Materials  N ceded:  (for  entire  class). —  3  small  rabbits;  3  snull  dt*?: 
2  guinea  pigs;  I  frog:  large  hypodermic  syringe  and  needle;  gnihiJt^ 
stomach-catheter  and  bulb.  Vto%  strychnin  sulphate  (35  c.c);  r* 
(S  c.  c  )  ;  Fluidext.  Cannabis  Ind.  {20  c.c.)  ;  Nicoiin  (few  drops*  ;i^ 
HON  (fresh)  (5  c.c);  Vi«%  strj-chnin  sulphate  in  25%  ttiucil 
^5   c.c). 
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III.  Absorption  May  be  Extremely  Rmpid,  Even  When  the 
Drug  U  Given  by  Mouth. —  i.  Place  two  drops  of  nicoitu  on  the 
gums  of  a  dog. 

J.  Inject  5  c.c.  of  2%  HCN  into  the  mouth  of  a  rabbit  or  dog. 
Notice  the  very  rapid  onset  of  the  effects.  (The  sytnptoms  are  qailc 
similar  in  both  cases,  and  consist  in  nausea,  convulsions,  severe  pros- 
tration. Death  may  occur,  the  respiration  stopping  before  the  heart; 
or  the  animals  ^K^y   recover.)      <  Fig.   52.  paRC    185.) 

IV.  Absorption  is  Impaired  by  Colloids. —  Inject  into  a  guinea 
pig  50  c.c,  per  Kg.  of  a  /in%  solution  of  strychnin  sulphate  in  water; 
and  into  another  animal  the  same  relative  quantity  of  strychnin  dis- 
solved in  a  25%  mucilage  of  acacia.  Note  that  the  6rst  animal  shows 
ihc  greater  effects. 

V.  Absorption  From  the  Frog's  Skin. —  Paint  some  1%  strychnin 
over  the  im.^ct  skin  ol  a  frog.  The  animal  stxin  goes  into  convul- 
sions, which  arc  typical  of  this  poisnn. 

Absorption  may  also  occur  from  the  lungs  {recall  the  phenom- 
ena of  ether  and  chloroform  anesthesia)  and  from  the  rectum 
consult  Exercise  26.  No.  2.  HiS;  Exercise  61,  No.   i.  Urcthanc 

Not  all  Soluble  Substances  are  Absorbed  from  the  Alimentary 
Canal. —  CoM^ult  Exercise  63.   No.   i    <MgSO.). 

SutHHiarize  the  actions  of  Cannabis  Jndica,  Chapter  XXXVUf,  No.  t. 
Optional  Experiments: 

VI.  1  lie  alfsencc  of  absorf>tion  from  the  rabbit's  stomach  or  bladder 
may  be  demonstrated  on  anesthetized  rabbits  by  exposing  these  vis- 
cera, tying  the  oi>enings.  and  injecting  25  mg.  per  Kiln  of  strychnin 
into  the  interior  (.5  times  the  fatal  dose  per  mouth  L  This  produces 
little  or  no  effect.  When  the  same  dose  is  placed  in  the  intestine, 
the    animal    succumhs    quickly. 

VII.  The  comparative  efficiency  of  intrai'enous  and  intramuscuhr 
injection  may  be  shown  by  connecting  an  anesthetized  rabbit  lor  blood 
pressure  and  injecting  04  c.c.  of  T  :  1,000  adrenalin,  first  suhcutancmis- 
ly :  and  after  a  time  a  second  dose  the  pectoral  muscles.  The  subcu- 
taneous injection  is  almost  ineffective.  The  intramuscular  injection 
causes  a  considerable  rise  of  blood  pressure. 


EXERCISE  25— TflE    REFECTS   OF   DEMULCENTS   AND 

EMOLLIENTS. 

Read  up  Reflex-time,  page  795. 

Explanatory. —  Viscid  substances  lessen  the  absorption  and  the 
local  actions  of  drugs.  They  arc  used  therapeutically  as  "soothing" 
agents,  to  les.scn  iiillammalion.  Those  whicli  arc  used  especially  on 
mucous  surfaces  (mainly  gums  and  other  colloids)  are  called  dentu!- 
ctnts:  those  which  are  used  on  the  skin  (oils  and  fats)  are  termed 
emollients.  Glycerin  Iwlungs  to  both  classes,  but  is  also  somewhat 
irritant,  by  abstracting  water. 

The  action  nf  these  suhsLince.-!  is  due  to  their  viscid  character.  They 
form  an  indifferent  protective  coaling,  which  prevents  drying  and 
the  access  of  irritant  substances  or  bacteria.  Even  when  the  drug  is 
added  directly  to  the  solution,  they  hinder  its  access  to  the  tissues  by 
preventing  currents  in  the  solution. 

The  effect  of  these  substances  on  absorption   was  studied  in  Exer- 

Materiats  Needed:  (for  the  entire  class).— 2  frogs:   frog-tools  and 

hook;   jar  of  water;  capsule   with  0.1%   HCl  and  another  with  0.1% 

HCi   in   15%  acacia  1%  citric  acid  in   10%  starch  paste  and  in  water 
{2S  c  c.  of  each). 
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cise  24,  No.  4;  and  in  Exercise  18,  Nos.  9  and   10.     These  iihouitl  be 

consulted. 

Experiments: 

1.  Colloids  lessen  the  Effects  of  Irritants. —  Decapitate  two  irogv 
and  noU"  ihc  rt'Acx-limc  of  each  on  dipping  ihc  leg  in  0.1%  //u 
Wash  off,  dip  the  leg  of  one  again  in  0.1%  HCl.  the  other  in  a  solu- 
tion of  0.1%  HCl  in  15%  Gum  Arabic.  The  reaction  time  i$  deUyvd 
by  30  to  100  seconds. 

2.  Observe  that  a  r%  solution  of  citric  acid  in  10%  starch  pa«e 
tastes  much  less  acid  than  a  watery  solution  of  the  same  strength. 

Summarise  ih^  cfft'Cts  of  DemuUi'ttts  and  Emollunts  in  Chapttr 
XXXVIII,  No.  2. 

EXERCISE  26-THE  EXCRETION  OF  DRUGS. 

Explanatory. —  Drugs  may  be  excreted  by  various  channels;  gaMt 
and  volatile  drugs  are  excreted  mainly  by  the  lungs;  mctaU  by  the 
intestinal  cells;  most  substances,  however,  especially  sails  and  alka- 
loids, are  excreted  in  greatest  quantity  by  the  urine.  The  saliva,  bilt. 
skin,  and  milk  may  also  aid  in  excretion;  but  generally  these  play  i 
very  subordinate  role. 

A  knowledge  of  the  excretion  of  drugs  has  considerable  practical 
importance;  it  teaches  how  frequently  the  drug  mu«l  t>e  adminisierw! 
to  maintRin  .1  continuous  action;  it  also  indicates  hnw  to  hasten  (be 
elimination  of  poisons. 

The  tliminaiion  of  drugs  by  the  urine  was  studied  in  Exercise  13. 
Thi-i  should  bo  consulted. 
Experintents: 

I.  Elimination  by  the  Saliva  (to  be  assigned). —  (a)  Take  a  cap* 
sule  of  03  CIm.  of  poiassiimi  iodid.  Test  the  saliva  every  ten  mi*'- 
uies  for  the  presence  of  iodid.  by  Exercise  ij.  No.  8. 

ib)  Take  a  capsule  of  o.j  Gm.  of  salol.  collect  the  saliva  O'er}'  ten 
minutes,  and  test  for  salol  by  Exercise  13.  No.  2. 

Report  ihc  results  to  the  class. 

J.  Volatile  Drugs  may  be  Excreted  by  the  Langs. —  \  Demon- 
stration.) — Hold  a  paper  saturated  with  lead  acetate  before  the  tioi- 
trils  of  a  rabbit;  note  that  the  paper  is  not  blackened;  now  pa<$  sorof 
H:S  into  the  rectum;  the  paper  becomes  blackened  (the  H=S  being 
absorbed  from  the  rectum  and  excreted  by  the  Iuprs).  If  the  dcMf  of 
HjS  has  been  excessive,  the  rabbit  may  show  paralytic  and  coninilsnt 
effects.  (The  experiment  is  not  quiic  conclusive,  (or  the  gas  mifhl 
have  reached  the  paper  through   the  esophagus.) 

Not  all  gases,  however,  are  capable  of  excretion  by  the  Itmgs  {cftrr 
pare  Exercise  51,  No.  3,  Ammonia). 

3.  (Optional).— Time  Required  for  Excretion  by  Urine  tad 
Saliva.—  (To  be  assigned.)—  {a)  Take  0.3  Cms.  of  Kl.  dissolvfd  m 
water.  Examine  the  urine  and  saliva  by  Exercise  13,  No.  8,  rvrry 
hour  for  5  hours,  then  three  times  a  day  for  two  days.  Report  ibc 
results. 

( fr )   Take  0.3  Gms.  of  Salol.  powder,  and  proceed  as  in  I,  testing  \rl 
Exercise   13,   No.  2,  and  reporting  the  results. 

'  ' '      KI   will  appear  more  quickly  than  the  salol,  since  the  former 
^Iwd   from  the  stonKich,   the  latter  almost  exclusively  from  uf 
ine.)     (f)    Review    the    excretion    of   (he    other   dniiti   used  m 
13. 

\ls  Needed    (for   the    entire   class)  —  Rahbi».   H,S  aPP^pJ"*: 
Lead  acetate  paper:  capsules  of  03  Gm.  Kl  of  a3  SlJol, 
re  H.SO. ;  March  paste;   10%   NaNO,;  Ether;  FcO^ 
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EXERCISE  27.— DECOMPOSITION   OF  DRUGS  IN   THE 

BODY. 

Explanatory. —  A  considerable  number  of  drugs  undergo  chemic 
changes  during  their  sojourn  in  the  body,  being  oxidized,  reduced, 
hydrolysed,  combined,  etc.  In  some  cases  the  substance  is  absolutely 
destroyed.  Alcohol,  for  instance,  is  almost  completely  oxidized  to 
carbonic  acid  and  water.  In  other  cases  the  changes  arc  not  so  pro 
found.  The  benzol  ring  always  remains  intact,  but  the  transfomiiition 
of  acctanilid  into  paramidophenol  illustrate  the  changes  which  occur  in 
ihc  side-chains.  Benzol  derivatives  arc  further  excreted  as  paired 
compounds,  with  sulphuric  and  glycuronic  acid. 

Chemic  reaction  between  (wo  drugs  may  also  occur  within  the  body  — 
a  fact  which  must  be  kept  in  mind. 

ExperimentB: 

I.  Chemical  Reactions  with  Normal  Body-Constituents;  Libera- 
tion of  lodin  from  Kl  by  nitHtes  of  the  saliva.—  (Each  pair  of 
students  should  try  this  experiment.) —  Mix  equal  parts  of  r%  KI 
and  1%  HjSO.,  add  a  little  starch  paste,  place  in  three  test-tubes  and 
add  to: 

(a)  saliva;  (/»)  boiled  saliva;  C^)  water,  a  and  h  both  turn  blue, 
whilst  c  remains  unchanged.  Since  the  reaction  is  not  destroyed  by 
boiling,  it  cannot  be  due  to  ferments.  (It  is  caused  by  the  presence 
of  nitrites  in  the  saliva;  the  depth  of  color  varies  greatly  in  different 
individuals.) 

a.  Chemical  Reactions  Caused  by  the  Presence  of  Other  Drugs. 
Administer  to  a  rabbit  50  c.  c.  of  1%  Kl  by  the  slomach-tubc.  (There 
may  be  some  depression  from  the  manipulation.)  In  an  hour  dust  a 
little  calomel  into  ihe  eye  of  this,  and  of  a  normal  rabbit.  The  iodid 
rabbit  manifests  greater  irritation  at  once.  In  an  hour,  the  normal 
rabbit  shows  no  cflTcct  from  the  calomel:  but  in  the  iodid  rabbit  there 
is  intense  conjunctival  congestion  and  edema.  (CafomW  should  never 
be  used  with  indids. )  HgrCli  and  Kl  react  together,  resulting  finally 
in  the  vellow  Hgl..  which  is  as  irritant  as  HgCU  ( HgTCi; -f  2KI  ^ 
Hgl,  — Ifg  — -'KC1>, 

3.  Vasoconstrictor  Action;  Treatment  of  Conjunctivitis. —  The 
above  rabbit  mny  be  utilized  for  demnneilrating  the  following;  Apply 
to  the  inflamed  conjunctiva  a  drop  of  1%  roraiw;  the  congestion  di- 
minishes at  once,  and  the  pupil  dilates.  The  effect  is  only  short. 
When  it  has  passed  off.  apply  a  drop  of  ^/w%  adrenalin;  vasocon- 
striction ;  this  effect  also  passes  ofT.  Apply  a  drop  of  Vi«%  hydra- 
stinin  hydrochlorid  :  vasoconstriction,  which  is  somewhat  more  lasting. 
Dust  some  orthoform  in  the  eye     This  will  greatly  lessen  the  pain. 

Summarise  iodid  excretion  m  Chapter  XXXi'ifl,  Xo.  3. 

Materials  Required  (for  entire  classV — \%  KI  plus  1%  HjSO*,  with 
a  little  starch  paste  {js  c.c);  1%  KI  (50  c.c);  2  rabbits;  stomach- 
catheter  and  bulb ;  calomel  ( r  Gm.) ;  camel's  liair  brush ;  a  smalt 
quantity  of  1%  cocain;  Vw^  adrenalin;  Vm.%  hydrastinin;  orthoform. 


EXERCISE  28.-RAaAL  IDIOSYNCRASY. 

Explanatory. —  Idiosyncrasy  !s  the  term  applied  to  an  abnormal  re- 

^tion  to  a  drug.     The  abnormality  is  generally  qnantitative  only;  but 

it  may  appear  nualttntivc.  by  bringing  into  prominence  some  action  of 

(he  drug  which  is  ordinarily  so  small  as  to  escape  observation.     Most 
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instances  of  idiosyncrasy  may  tlicrcforc  be  brought  under  the 
of  exaggerated   siisceplibiliiy   or   tolerance.    These   may   Iw 
or  acquired.     Some  arc   readily  explained   by  analontic  or  physiolt 
peculiarities.     Others  arc   due   to   diflfcrcnccs   m   the    ahsorpti'in,  c^c 
tion,  or  destruction  of  the  poison.     Many  phenomena  of  idiosyncr 
have    not    yet    been    satisfactorily    explained.     Tlie   continued   ailmir 
tration  of  a  (Wug  often  altera   the   suscepttbilit)'  of  the   patient  Id 
action:   this  may   be   diminislicd    (fmhituation)    or   increased   {cmmuk- 
the    action).     Congenital    idiosyncrasy    may    be    individual    or   racul 
The    student    will    probably    encounter    some    example:^    of    individiul^ 
idiosyncrasy  in  the  course  of  his  future  work.     The  following  V^pert-' 
ments  refer  to  racial  idiosyncrasy: 

Experiments.^  I.  Inject  into  a  dug  and  into  a  rabbit  $  mg.jM7 
Kg.  of  atropin  sulphate  (0.5  c.  c.  per  Kg.  of  i%»  hypodcrmically.  01>- 
serve  the  pulse,  pupiU,  respiration,  and  the  general  symptoms  Thf 
effects  are  very  much  greater  in  the  dog  than  in  the  rabbit  (the 
heart  rate  is  quickened  by  paralysis  of  the  vagus  endings;  the  re^pin- 
tion  is  first  increased,  then  diminished.  The  general  effects  are  ti-^' 
excitant,  later  depressant;  the  ptipils  are  dilated  through  paraK 
the  oculomotor  endings V  Let  the  rabbit  inhale  a  little  an  1: 
whilst  feeling  the  heart  beat :  the  heart  is  not  stopped,  as  it  irouto  y: 
in  normal  animals. 

The  reason  of  the  general  resistance  of  the  rahhit  (and  othrr  hr 
bivorous  animals)  to  atropin  is  not  known.  One  peculiarity.  ^  • 
ever,  is  easily  explained.  It  will  have  been  noted  that  the  pntsm  ' 
is  greatly  quickened  in  the  dog.  but  scarcely,  if  at  all.  in  the  n»W>it 
This  is  because,  in  the  dog,  the  heart  is  normally  kept  slow  bv  iht 
tonic  activity  of  the  vagus  center.  This  is  cut  out  by  atropia  "the* 
tonic  impulses  are  very  weak  or  absent  in  the  rabbit,  so  that  ti\(\J 
abolition  does  not  alter  the  heart-rate.  The  ammonia  expcnr 
shows  that  the  atropin  has  paralyzed  the  vagus,  in  the  rabbit  a« 
as  in  the  dog. 

2.  Read  page  799  for  method  of  exposing  the  heart.  A(>ply 
(10%)  infusion  of  digitalu  in  0.75  NaCI  solution  to  the  exposed  hnt 
of  a  pithed  toad  and  frog,  and  notice  that  the  effect  on  the  frof  l» 
much  greater  (Observe  that  the  heart  is  slowed,  and  the  *y«nk_ 
increased,  peristaltic  wavc."i  and  arj-thmia  become  apparent,  and 
heart  may  be  arrested  in  systolic  standstill,  as  a  small  white  lump.  I 

The  skin  of  the  toad  secretes  a  poison  with  an  action  analogoi» 
digitalis.     The  tolerance  of  this  animal  is  therefore  somewhat  anak 
to  habituation. 

3.  Inject  into  a  dog  and  into  a  rabbit  10  mg.  of  af»om^>r^hm  Iiydnv 
chlorid  (i  c,  c.  of  1%)  h>'podermically ;  the  dog  vomits  the  raWal 
does  not.     The  rabbit  may  show  signs  of  cxciiemcm. 

The  reason   for  the  tolerance  of  rabbits  to  apomorphin  is  foo»d 
the  fact  that  rodents  are  incapable  of  vomiting. 

4.  Compare   the   action   of  morphin   on  different   animals.     (Com* 
Exercise  40,   No.    i.)     The   reason   for  these   peculiarities  lies  perfup^j 
in  the  different  degree  of  development  of  the  central  ner%'oas  systtm 


Materials  Required  (for  entire  class). —  2  smalt  dogs;  .^  snull  rib- 
bits;  I  frog;  I  toad;  t%  atropin  sulphate  (15  c.  c>:  lo*?-  infi^i*^" 
digitalis  in  075%  NaCI  (S  c  c);  t%  atKimorphin  hydrochlorid  (r« 
c.  c);  large  hypodermic  syringe  and  needle;  2  frog  boards,  dis«ctifl| 
tools,  pins. 
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EXERCISE  29.— TREATMENT  OF  POISONING. 

Study  in  connection  with  Chapter  V.  page  881 
[ptaiwtory. —  The   main   (eattires   of   the   treatment  of  poisoning 

|s^^  in: 
I  >   Chcmic  precipitation,  neutralization,  or  destruction  of  the  poison. 
[2)    Removal  of  the  poison. 

)    Physiologic  antidotes. 
[4>  General  supporting  measures. 
Jl  treatment  mu.*.t  be  as  prompt  as  possible. 

I)  Chcmic  Antidotes. —  These  have  been  discussed  in  Exercise  14, 
:h  should  be  consulted. 
[2}  Remoial  of  thr  J^oison. —  Tliis  is  accomplished  by  washing. 
£M$,  lavage,  catharsis,  and  diuresis. 
^(3)  Physiologic  Antidotes. —  The  effects  of  depressant  drugs  are 
counteracted  by  atimulanl^.  and  vice  versa.  It  must  be  remembered. 
hoincver,  that  the  action  of  stimulants  passes  readily  into  depression, 
which  would  increase  the  danger,  .\nlidotes  should  therefore  be 
given  in  rather  moderate  doses.  It  should  al^o  be  borne  in  mind  that 
physiologic  antidotes  remove  only  the  symptoms,  and  not  the  action 
of  the  poison.  Thcj*  arc  therefore  useful  only  when  the  symptoms 
a.re  a  direct  source  of  danger.  In  the  case  of  strychnin,  for  instance, 
death  is  due  to  the  direct  depressant  action  of  the  drug,  aided  by  the 
exhaustion  consequent  on  the  convulsions  Chloral,  curare,  or  arti- 
ficial respiration,  by  preventing  the  convulsions,  arc  able  to  save  an 
animal  from  several  times  the  fatal  dose,  but  they  are  quite  ineffective 
against  d'»ses  sufficiently  large  to  kill  by  the  direct  depressant  action 
^X  the  poison. 

^■4^  General  Supporting  Measures. —  The  immediate  cause  of  death. 
BBi  most  poisons,  consists  in  failure  of  the  respiration.  This  should 
t>c  carefully  watched  and  supported  Iiy  hot  coffee.  Should  this  prove 
instrfficient,  artificial  respiration  must  be  instituted,  and  this  before  the 
natural  respiration  has  ceased.  The  patient  should  l>e  kept  warm. 
Pain  <  from  corrosives,  etc.)  should  be  controlled  by  morphin  or  the 
local  u*e  of  cix-ain. 

Experiments. —  Numbers  I  to  V  of  the  following  experiments  illus- 
trate   the    general    principles    of    treatment    on    strjchnin.     The    symp- 
ttwns   of  strychnin   poi.soning   may   also   be   studied.     Obser\*e   the  res- 
piration: the  rectal  temperature    (page  8jo)  ;  the  increased  reflex  ex- 
citability; the  type  of  the  convulsions,  which  occur  especially  by  reflex 
stimulation   (jarring  the  table")  ;  make  a  sketch  of  the  position  of  the 
animal    during    the    convulsion.     The    spasm    is    at    first   clonic    (1.    e... 
intermittent),   then  tetanic    (fixed),  then   again  clonic-     The  animal   is 
npral>iic   between   the  convulsions.     Note    the    respiration    during   and 
fEwcen   the  convuUions.     In  case  of  death,  observe   that   the  respira- 
llSn    5tops    before    the   heart.     Rigor   sets    iu    very   early    (as   with   all 
convul'^ani   poisons).     If  the  animal   recovers,  keep   under  surveillance 
irveral  hours,  as  a  relapse  may  occur. 
trychnin  is  not  absorbed  from  the  stomach  of  rabbits :  so  that  the 

Materials   Needed    (for   t8   students). —  6   small    weighed    rabbit*  of 

iximately  equal   size;  6  stomach-catheters  and  bulbs;  hypodermic 

[e  and  needles  and  capsule:   six   10  c. c.  measuring  pipettes;  six 

c.  graduates :  catheter  and  glass  svringe.     Vi-^  strychnin  sulphate 

c-c);  1%  KMnO.  (50C.C.);  5%  Diuretin  (^  c.  c.)  :  10%  Chloral 

c.  c.)  :  50%  Alcohol    (.10  c.  c.)  ;   1%  Caffein    (10  c.  c.)     (This  is 

ifcrrcd  to  the  citrate,  as  being  less  irritant.) 

1—55 
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poisoning  occurs  only  when  the  alkaloid  reaches  the  intestine.  The 
bymptoms  ihereforc  occur  much  later  than  (hey  do  in  man,  being  de- 
layed for  half  an  hour  or  longer.  1  he  passage  from  tlie  ±>toiiucb  ntto 
the  intestine  occurs  gradually,  and  at  a  different  rate  in  OilUml 
animals.  A  variable  amount  may  therefore  be  excreted  before  all  of 
the  poison  lias  been  absorbed.  This  makes  the  fala!  dose  Mnmrwtul 
uncertain.  The  average  fatal  dose  of  strychnin  sulphate  for  rjU>liia. 
by  the  stomach,  may  be  placed  at  4.25  mg.  per  Kg.  A  »ur«l)  Uul 
dose  of  0  mg.  per  Kg.  is  used  in  these  cxpcnmenii.  On  accouiti  of 
the  differences  m  absorption  it  may  happen  that  some  of  the  animal* 
which  have  received  antidotes  show  more  severe  effects  than  the  ceo- 
Irol ;  but  this  is  altogether  exceptional.  The  permanganate  alwie  in- 
variably prevents  all  symptoms. 

One  animal  may  l>c  as^igned  to  each  set. 

Experiments. —  I.  Control  Rabbit.— Inject  6.0  mg.  per  Kf  of  the 
strychnin  sulphate  {b  c.  c.  per  Kg.  of  Vw  %)  by  the  5tomach-tul>r 

II.  Chemic  Antidote  (KMnO«).— Administer  the  same  dose  si  in 
I  and  follow  it  immediately  with  15  c.  c  per  Kg.  of  \%  KMnO*.  The 
permanganate  destroys  the  strychnin  by  oxidation. 

III.  Physiologic  Antidote  (CA/(>ra/).— Administer  the  same  doK 
as  in  I  and  follow  it  immediately  by  0.4  Gm.  per  Kg.  of  chloral  U 
c.c.  per  Kg.  of  10%).  Oiloral  depresses  the  central  nervous  jy»l«» 
and  thus  prevents  convulsions.  This  dose  of  chloral  would  Iowct  the 
temperature  in  normal  animals;  strychnin  prevents  this,  altbotigh  it 
ha«   itself  very  little   direct  action  on  temperature, 

IV.  Artificial  Respiration.— .\s  in   I,  followed  after  half  ui  bottf 
by  gentle  arliticial  respiration,  which  is  continued   for  one  hour    Tfe 
artiBcial  respiration  acts  partly  by  preventing  asphyxia,  which  15  »n 
portant  conlributorj-  factor  in  the  death  from  strj'chnin.     It  alw)  \o 
the  reflex  excitability  of  the  ner\-ous  centers,  and  thus  diminishes 
convulsions. 

V.  Elimination. —  Inject  into  the  stomach  05  Gm.  per  Kg.  of  Dtiff- 
tin  (10  c.  c.  per  Kg  of  5%)  (this  may  be  done  before  the  <Jcnion«n' 
lion).  Follow  this  in  half  an  hour  by  strychnin  as  in  T  Widi  0^ 
the  bladder  every  15  minutes  (see  page  830).  The  diuretin  hnt<a» 
the  elimination  of  the  sirvchnin:  but   it  is  not  uniformly  *uci*eisftf' 

VI.  Physiologic  Antidote.— CafTcIn  and  Alcohols  Onmt  tl»' 
respiration  and  take  the  rectal  Icmperature.  Administer  to  nilibit  hj 
stomach  12  c.  c.  per  Kg.  of  50%  alcohol.  When  the  paralytic  con- 
dition is  so  pronounced  that  the  animal  does  not  move  <r-.r.'.'iro;!'v 
count   the   respiration.     Inject   hypodermically   20  mg.   p- 

cafTcin  (2  c.c.  per  Kr.  of  1%).  The  animal  revives  a  p: 
short  lime.  Take  the  respiration.  Continue  the  r.hsef\aiH>ii>.  ^^^ 
caiTein  docs  not  generally  suffice  to  improve  the  condition  perTnanentl* 
This  is  an  instance  of  the  antidotal  effects  of  a  stimulant  to  a  deprt«»»* 
The  recovery  of  the  temperature  is  an  indirect  effect,  a*;  with  vncb- 
nin  and  chloral :  the  stimulant  does  not  act  directly  on  the  temperate 
but  on  the  general  depression  which  caused  the  fall. 
For  other  instances  of  treatment  and  antagonism  consult: 


bottf 

Jl 


Exercise  14. —  Chemic  Antidotes- 

18  C— Carbolic  Acid.  local, 
"        22. —  Sanonin  and  Oil  on  Red  Corpu^tet. 
"        5?- — Pilocarpin  and  Atropin  on  Saliri. 
"        54.— Pupil. 
"        67.— Intestine. 


1 


to:    EMETICS. 


867 


EXERCISE  JO— EMETICS  ON  DOGS. 


Exercise  50. —  Vagu*. 

59k  5  and  6. —  Carbolic  Acid  and  Sodium  Sulphate. 
'ummarisf  the  effects  of  permanganate  m   Atkohidal  poijoning,  m 
Chapter  XXXl'JH,  \o.  4- 

I  Study  in  connection  with  Chapterf  XIV  and  XXVIII. 
etics  arc  divided  into  two  classes :  Those  which  stimulate  the 
vomiting  center  in  the  medulla  directly  (central  emetics)  and  those 
which  stimulate  it  rrflexly  (heal  emetics).  Tlic  central  rmctics  act 
al  least  equally  well  when  they  are  injected  hypodcmiically.  Apo- 
morphin  is  the  principal  example.  Local  emetics  act  hy  irritating  the 
sensory  endings  in  the  pharynx  or  stomach.  They  are  eflFective  only 
if  they  arc  administered  or  excreted  by  this  channel.  All  irritants 
(»e1ong  to  this  class;  but  only  those  are  practically  useful  which  have 
only  a  slight  toxicity,  or  which  act  so  promptly  that  they  are  expelled 
before  absorption  can  occur. 

If  a  drug  produces  vomiting  when  injected  into  the  circulation,  and 
not  when  it  is  given  by  mouth,  its  action  is  surely  central;  and  vice 
^^ersa.  If  it  causes  craesis  in  either  case,  the  relative  quantity  and 
the  time  required  arc  taken  into  consideration:  if  it  is  more  efficient 
by  the  circulation,  its  action  is,  at  least  mainly,  centra! :  and  vice 
versa.  The  absolute  distinction  is  made  by  ligating  all  the  vessels  of 
the  stomach,  exclusive  of  the  nerves:  a  centrally  acting  emetic  will 
now  be  effective  only  when  injected  into  the  circulation,  a  local  emetic 

ff  when  placed  in  the  stomach. 
tmesis,   the   act    of   vomiting,   is   preceded  by   nausea,  and   followed 
depression.     The  relative  duration  of  these  stages  is  of  grcit  prac- 
tical   importance. 

Experiments  (Demonstration  or  .Assigned). —  Observations  to  be 
Made. —  The  onset  and  duration  and  symptoms  of  nausea;  onset  and 
frequency  of  cmcsis :  pulse  and  respiration  of  normal  animal,  in  luiisca, 
jurt  before,  during,  jusi  after,  and  some  time  after,  vomiting  Note 
bow  soon  the  dog  will  drink  water  and  eat  meat  again.  Report  the 
resniis. 
Distribution  of  Work. —  Each  set  may  be  given  one  of  the  experi- 

E!S 
Apomorphin. —  (Consult    Exercise    aS,    No.    3). —  Inject    hypo- 
lically  2  mg.   per  Kg.   (o.j  c.  c.  per   Kg.  of  1%).     Emesis  in  j  to 
15    imnutes,   repeated   >eversl    linics.      (Central   action,) 

a.  Zinc  Sulphate  or  Copper  Sulphate. —  50  c.  c.  of  i'^  by  stomach. 
Repealed  emesis  in  about  10  to  30  minntcs.     (Irritation  of  the  stom- 

Hfe,  Other  emetics  may  also  be  used  by  mouth  (optional),  such  as: 

^Ha)   Ipecac  (2  c.  c.  of  fluidextract) 

^H^)   Tartar  emetic  (20  c.  c.  of  !4^)- 

^Hf)   Mustard    (teaspoonful)  in  warm  water. 

^Rrf)   Ammonium  Carbon;tte  C20  c.  c.  of  $%  solution). 

^Kr)    Senega    (5  c  c.   of  flnidextraci). 

^|.  Paralysis  of  Vomiting  Center.— Inject  10  mg.  per  Kg.  {yi 
c  c.  per  Kg.  of  4%)  of  morphin.  sulKUtaneously,  This  will  cause 
Tomiting,  probably   by  an  action   similar  to  apomorphin    (which   is  a 


faleria!  Required  (for  entire  class). —  3  dogs  recently  fed;  hypoder- 
mic syringe:  stomach-catheter:  meat:  10  c.  c.  and  25  c.  c.  graduate: 
1%  apomorphin  hydrochlorid  (5  c.  c):  1%  zinc  sulphate  or  copper 
sulphate  (50  cc)  ;  4%  morphin  salt  (5  c.  c). 
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derivative   of   morphin).     After   half   an    hour. 


inject   apomorphin  il  ^ 
in  I.     This  will  be  ineffective,  as  the  morphin-stimulation  of  the  %omil»  ^ 
ing  center  {■^  followed  hy  a  profound  depression.     AH  other  rmclicj  wiH 
be  similarly  ineffective.     This  is  utilized  in  experimental  technic.  when 
it  is 'essential  to  have  an  irritant  drug   retained  in  the  stomach, 

Summariri'  the  efFcfts  of  Apomorphin.  Copper,  and  Zinc,  in  ChcpUr 
XXXi'llL  Xos,  5  and  6. 


EXERCISE  3I.— CATHARTICS. 

Study  in  connection  with  Chapter  XXX 

Gxplanalory. —  AM   drugs   which   irritate  the   mucous   memhranc 
ihc    inie.stinc    increase    peristalsis,    and    thus    produce    catharsis.    N 
every  irritant,  however,  can  be  utilized  therapeutically.     The  irhtatiw 
must  not  exceed  the  required  degree;  the  drug  must  not  be  poisfln..ih 
in   cathartic  doses;   the   irritation   should   he   confined   to  the  imestiar. 
and  should  not  involve  the  stomach. 

A  number  of  salts,  particularly  the  sulphates  and  magnesium,  ir* 
not  absorbed  from  the  intestine.  In  virtue  of  their  osmotic  prewort. 
Ihcy*  also  retain  fluid  and  this  acts  as  a  mechanical  stimulus  1^^ 
stimulation  is  comparatively  mild,  and  is  not  accompanied  hy  iniUfflma- 
lion.     The  feces  are  rendered  soft  or  fluid. 

Most  other  cathartics  act  chemically  and  are  more  or  less  irntiBt 
As  a  rule,  this  irritant  action  is  confined  to  the  intestine;  the  irriiant 
principle  being  liberated  only  by  the  chemic  processes  in  the  in- 
testine. 

Many  cathartics  give  a  green  color  to  the  stools.  This  was  fortncrlt 
attributed  to  an  increased  secretion  of  bile,  and  these  remedies  wtr? 
therefore  called  "  chologogues."  The  name  is  still  used,  although  ■> 
has  been  shown  that  the  green  color  is  not  due  to  an  increased  qw- 
tity.  but  to  a  lessened  decomposition  of  the  bile;  the  quick  propuUwn 
of  the  intestinal  contents  leaving  less  time  for  bacterial  deeompo*' 
lion.  Calomel,  the  most  typical  of  these  so-called  chologogues,  i*  Jil"' 
antiseptic ;  it  is  partly  converted  into  the  sulphid,  which  serves  (•' 
darken  the  color  still  further. 

Experiments. —  i.  (Optional.)  —  The  student  is  advised  to  try  t* 
himself  the  action  of  cathartics  such  as  Rhubarb.  Senna,  CaK^ra. 
Epsom.  Glauber's,  and  Rochelle  Salts.  Cream  of  Tartar.  Sulphirr. 
Manna,  Castor  Oil,  Calomel.  Compound  Cathartic  Pill.  The«  cafl 
also  be  tried  on  animals,  if  it  is  desired,  using  for  dogs  al)0ul  Jl  p* 
the  dose  for  man. 

Consult  also  Exercise  67. 

3.  Chologogue  Action  of  Calomel  (Demonstration)  —  Place  in  I't 
incubator  some  bile  in  which  a  knife-point  of  calomel  has  hff" 
added,  and  another  sample  without  this  addition,  for  control.  Thf 
color  changes  first  in  the  latter  sample. 

Material  Needed, —  Incubated  bile,  with  and  without  calomel 


I 

I 


EXERCISE   j2.— GASTROENTERITIS. 

Study  in  connection  with  Chapter  XXVTIT. 
Explanatory. —  The  most  important  phenomena  of  poisoning  br  "^' 
tants  are  caused  by  gastroenteritis.  The  principal  symptom*  cfl«i^'*j 
in  very  severe  abdominal  pain;  profuse  vomiting  and  diarrhea;  ^^ 
reflex  collap<ic.  If  the  irritant  is  also  corrosive,  the  discharge*  ^- 
bloody  or  otherwise  discolored.  The  stools  are  generally  very  »*" 
terv. 


f3:   IRRITANTS, 
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Refer  to  Exercises  15  lo  18. 

Obsentjtiotts  Required. —  Keep  in  cage  and  collect  urifie.  During 
life  note  the  vomiting,  watery  diarrhea,  and  general  depression.  At 
autopsy  note  the  congestion  of  the  abdominal  organs,  particularly  the 
mucosa  of  the  alimentary  canal.  Observe  the  character  of  the  con- 
tents, and  look  for  corrosions.  Corrosions  are  most  pronounced  in 
the  case  of  the  mercury :  iheir  absence  with  colchicum.  The  latter 
causes  intense  congestion  in  ridges.  Observe  that  the  arsenic  produces 
Its  effects,  even  when  it  is  given  hypodermically  (note  particularly  the 
fluid  contents).  The  animal  usually  hves  several  hours,  or  longer. 
The  urine  of  mercury  and  arsenic  will  generally  contain  albumen  and 
casts.  The  mercury  and  veratrin  animals  may  recover,  but  will  show 
erosion  of  the  stomach  on  autopsy. 

»As  the.sc  experiments  are  necessarily  painful  to  the  animal,  they 
Ould  only  be  demonstrated,  or  made  optional. 
Experiments. —  I.  Colchicum. —  i  c.  c.  per  Kg.  by  mouth,  to  a  dog. 
The  alkaloid  of  colchicum  is  practically  inactive:  but  is  converted 
in  the  tissues  of  mammals  into  oxydicolchicin.  which  is  the  toxic  agent 
This  explains  the  long  interval  between  administration  and  symptoms. 
The  drug  is  not  at  all  corrosive.  It  is  supposed  that  it  docs  not  irri- 
tate directly,  but  that  it  merely  exaggerates  the  normal  irritability  of 
Ihe  intestine. 

ta.   Mercuric  Chlorld.-  10  c  c.  of  V»^'  by  mouth,  to  a  rabbit. 
Notice  the   white    (cooked)   appearance  and  hardness  of  the  gastric 
Bcosa  at    the  antopsy. 
3.   Arsenate  of  Sodium. — 5  c.  c.  of  $^  hypodemucally,  to  a  rabbit 
The  symptoms  and  lesions  of  arsenic  poisoning  bear  the  clo.sest  re- 
semblance to  those  of  kvcal   inflammation  of  the  alimentary   tract     It 
can  be  shown,  however,  that   the  direct  irritant  or  corrosive  action  of 
the   poison  is  entirely  inadequate  to  produce  this   inflammation,  espe- 
cially when  the  poison  is  given  hypodermically  or   intravenously.     Its 
action    is   really   due  to  a  direct  paralysis  of  the  capillaries,   with   in- 
creased permeability.    This  is  also  the  main  phenomenon  of  inHamma- 
lion.     Tlie    lesions    are    therefore    identical.     A    characteristic    clinical 
feature  of  acute  arsenic  poisoning  consists  in  the  "rice-water"  stools-^ 
which  consist  of  a  profuse  watery  exudate  with  shreds  of  desquamated 
inucn«.n 
j$,  Veratrin. —  i  c.  c.  of  1%  by  mouth,  rabbit 

^^eratrin  is  one  of  the  very  few  alkaloids  which   are  directly  cor- 
II  ve. 

3.  The  corrosion  of  the  stomach  by  concentrated  acid  and  alkalies 
may  be  demonstrated  nn  deeply  anesthetized  dogs.     Compare  Exercise 


'nmmarize  the  effects  of  Colchicum  in  Chapter  XXXVIU,  No,  7, 


HD/d/fTria/    Required    (entire    class). —  Dog    and    3    rabbits;    graduate. 

l^podermic  syringe,  stomach -catheter.  Fluidextract  of  Colchicum  (root 
or  seed),  15  c.c. ;  i  :  i.ooo  mercuric  chlorid  (ao  c.  c.) ;  S%  sodium  ar- 
senate (5C.C-);  1%  veratrin   ^5  c.c). 

k  Study  in  connection  with»  Chapter  XXVIIT. 
naiory. —  The  action  of  irritants  is  proportional  to  their  con- 
n.  This  is  greatest  where  they  enter  and  leave  the  body  —  in 
the  alimentary  canal  and  in  the  kidneys.  During  their  passage  through 
the  body  ihcy  are  generally  diluted  to  such  a  degree  that  the  irritation 
crthcr    tissues    is    seen    only    when    they    are    administered    ccntin- 
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uously.  It  may  then  lead  to  increased  formation  of  fibrous  lis.  ^w 
(arteriosclerosis  and  cirrhosis).  Nephritis,  however,  often  occ^  ^^ 
acutely,  and  is  produced  by  all  absorbable  irriUnt:^.  The  intiammat 
may  involve  all  the  renal  tissues;  or  it  may  be  glomerular  or  pareiid 
mainus,  according  to  the  poison.  Continued  administration  leads 
intestilial   nephritis.  

The  nitlammation  is  characterized  by  albuminuria,  casts,  and  '^^he 
histologic  lesions. 

Experiments  ( Optional ) . —  Rabbits  can  be  conveniently  u»cd  '^ior 
the  production  of  experimental  nephritis.  The  presence  of  album-^^n, 
casts,  and  sugar  should  be  sought  for  in  the  urine,  and  the  kidney >j 
should  be  hardened,  stained,  and  exanniicd  histologically. 

1.  Arsenic  —  Mainly   Clomerules. —  Inject   hypodemiically    10  r^r^ 
per   Kg.  of  polassium   arsenate.     The   urine  becomes  albumtiiuus  in        jo 
minutes.     The   glomeruli    arc    dilated,    tilling    Bowman's   capsule.    T'fce 
epithelium   of  the  convoluted  tubules  is  affected  tu  a   varymg  degrcre, 
the  siraiKlit  tubules  arc  nnt  involved. 

3.  Aloin  —  Mainly  Epithelium  of  Convoluted  Tubules.— Inj  e«t 
hypodermically  2  c.  c.  per  Kg.  of  a  5%  solution :  repeat  for  tno  or 
three  days.    The  action  is  practically  limited  to  the  convoluted  tubule* 

3.  Chromates  — As  Aloin. —  Inject  hypodermically  30  rag.  per  Kg. 
of  poia>-^nini   hichrnniate ;  nephritis  i*  plain   in  24  hours 

4.  Cantharidln  —  All    Renal    Elements. —  Inject    hypodermicall;  5 
mg.  per  Ktf    (dissolved  in  acclic  ether).     .Mbuminuria  in  to  minute* 

5.  Mercuric  Chlorid — Mainly  Interstitial. —  Inject  hypodermiu'- 
ly   10  c.c.  of   1  :  1.000  siilution   daily:     Albuminurui   in  2  to   1  ihs^- 

6.  Oxalates  —  Occlusion    off    Tubules    by    Crystals    of   Cakioffl 
Oxalate. —  Inject  hypodermically   0.250   Gm.    of   ammoniutn  onbie 

inlo  a  rr.hbit. 
Summarise  the  effecis  of  Mercury  in  Chapter  XXXVlll,  No>  I 

EXERCISE  34.— GLYCOSURI.V 

Studj'  in  connection  with  Chapter  XIII. 

Explanatory. —  The  presence  of  sugar  in  the  unnc  may  be  do«  tf^ 
several  different  causes.  These  are  discussed  in  tcxt-booWs  of  9^' 
iology. 

The  presence  of  reducing  substance  in  the  urine,  after  the  »din«»^ 
tration  of  drugs,  is  often  due  to  glycuronic  acid,  which  it  gaicnPf 
excreted  in  paired  combination  with  the  drug  These  urineJ  redof* 
Feliling's  solution,  but  do  not  give  the  fcrmentntioti  test.   ^ 

The  followm|;  arc  examples:  Copaiba  (Exercise  13,  No.  6).  C^'"" 
ral.  Menthol,  Fhymol,  many  volatile  oils.  Cirbnn-monoxtd.  CW*"'^ 
furm,  Formates,  free  Oxalic  .\cid,  Benznidehyd.  Morphin. 

True  glycosuria  On  which  the  urine  al«»  gives  the  fennfnl»n<* 
test)  is  caused  by:  Phlorrhizin,  Adrenalin,  Uranium.  Cvtvt. 
Cyanids.  Atropin,  .Amyl  Nitrite,  Chromate«i  atwl  Bichromaltv  "^ 
cury.  Morphin,  Cantharidin.  extensive  salt  injections,  etc. 

Many  t>f  lliese  act  by  producing  asphyxia.  PhIorrhi»in  act*  dif*^? 
on  the  kidney  cells.  ^,  _ 

Experiments  (To  be  distributed  amongst  the  claRs).— i- WJ?** 
rhizin, —  (Renal  action.) — Inject  hypodermically  inlo  a  rabbit  ^  p* 
of  phlorrhizin  dissolved  in  5  c  c.  of  wann  water.  Keep  the  aw""' 
in   a  cage   arranged   for   the   collection   of  urine.     If   noiK  h«J  ***■ 

Materials   Required    (for   entire   class V^ 3   rabbits,   H—- ^•»-""*^  ^ 
ringc,  25  c  c   graduate,  catheter,  test-tubes,  etc.  for  sug 
phlorrhi/in.  4%   morphin  salt   (5  c.  c  V    Fplilim;'^.   nt  "■ 

and  NaOH  for  sugar  test. 


EX.    34   TO    36:    METABOLISM. 


871 


passed  in  an  hour,  withdraw  by  a  cathcicr  (see  page  8jo),  and  demon- 
strate ihe  presence  of  sugar  by  Fehling's  or  Trommcr's  tests. 

3.  Morphin  (Asphyxial  conversion  of  glycogen  into  glucose). — 
Inject  hypodennically  into  a  rahhit  2  to  3  c.  c.  of  4%  morphin.  Col- 
lect and  lest  the  urmc  as  in  Experiment  1.  A  respiratory  (racing 
may  be  taken  (sec  page  816)  if  the  animal  shows  Cheyne-Slokcs  breath- 
ing  (see  Fig.  5A  p.ige  185). 

3,  Adrenalin. —  Inject  subciitaneously  into  a  rabbit  1  to  2  c.  c.  of 
1  :  1,000  adrenalin;  in  two  hours,  collect  the  urine  and  test  as  in  Ex- 
periment  1. 

Summarise  the  cifects  of  Fhlorrhizin  in  Chapter  XXXVH!,  No.  9. 

EXERCISE  35.— METABOLISM. 

Study  in  connection  with  Oiapters  IX  and  XV'I. 

Explanatory. —  Dru^s  may  alter  niculx:)li5m  directly,  by  acting  on 
the  tissues  or  on  ceriam  nervous  centers;  or  indirectly,  by  influencing 
digestion,  absorption,  or  excretion;  or  by  making  the  animal  quiet  or 
restless,  etc. 

The  experimental  investigation  of  nitrogen  or  carbon  metabolism 
entails  extensive  preparation  and  surveillance  of  the  animals,  and 
time-consuming  analytic  methods.  The  following  experiments  are 
therefore  optional: 

Experiments  on  Nitrogen  Metabolism. —  Dogs  or  rabbits  may  be 
-usrd.  -Arrange  for  the  repjtilar  collection  of  urine.  The  animals  may 
\te  reduced  to  nitrogen  equilibrium  and  then  kept  on  a  uniform  diet; 
or  they  may  be  starved  until  the  nitrogen  is  practically  constant.  The 
urine  may  be  examined  for  total  nitrogen  and  for  urea.  The  follow- 
ing drugs  may  be  tried : 

Quinin :     0.05  per  Kg. 
Antipyrin :    0.02  Gm.   per  Kg. 
Water:     Large  quantity. 

The  following  drugs  ;  re  important:  Quinin  diminishes  nitrogen 
metabolism;  the  coal-tar  antipyretics  also,  but  only  in  fever.  Morphin 
diminishes  carbon  metabolism.  Phosphorus  in  toxic  doses  increases 
nitrogen    metabolism,    but    diminishes    urea.     Acids    increase    ammonia 


excretion  at  the  expense  of  urea;  alicalies  the  reverse, 
increase  nitrogen  excretion. 


Salts  and  water 


EXERCISE  36.— EFFECTS  ON  TEMPERATURE. 

Study  in  connection  with  Chapters  X  and  XVTL 
Explanatory. —  The  temperature  of  an  animal  is  determined  by  the 
relation  of  heat  dissipation  and  heat  production.  The  heat-regulaling 
mechanism  of  warm-blooded  animals  is  able  to  keep  the  temperature 
of  the  body  con«flant,  notwithstanding  all  ordinary  variations  of  ex- 
ternal and  internal  condition*^.  The  temperature  can  therefore  be  al- 
tered only  by  very  violent  changes,  or  more  commonly,  by  disturbing 
the  regulating  mechanism.  Several  centers  are  concerned  in  the  latter. 
Successive  stimulation  or  section  of  the  paths  is  necessary  to  distin- 
Ifui-ih  which  of  these  is  concerned  in  a  given  phenomenon.  These  ex- 
periments are  rather  complicated. 

By  the  tise  of  the  calorimeter  and  by  the  study  of  metabolism  it  is 

Afalt-rial  Required  (for  entire  class)  —  Rabbits,  thermometers,  stom- 
ach tube^.  and  hypodermic  syringes.  (Rabbits  4  and  7  should  receive 
the  albuniose  four  hours  before  the  cla«s  meets.)  16%  chloral  hydrate 
(is  c.c);  4%  morphin  salt  (10  c.c):  5%  cocain  salt  (to  c.c.)  20% 
Witte'*.  Peptone  (15  c.c.);  5%  sodium  santoninate  (jO  c.  c);  2% 
antipyrin  (So  c.c). 
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easy  to  determine  whether  the  change  of  temperature  is  dne  to  altered 
heat  production  or  heat  loss.  The  picthysmograph  will  show  whether 
changes  in  heat  loss  are  due  to  an  action  on  cutaneous  vessels.  The 
evaporation  of  sweat  may  be  excluded  by  atropin,  which  paralyzes  ttie 
sweat-glands. 

Tilt  drugs  which  increase  temperature  act  generally  on  heat  proijut- 
tion,  by  increasing  muscular  movement.  Cocain  act*,  on  the  centert 
of  the  caudate  nuclei.  The  hypodermic  injection  of  irritants  even  of 
water,  and  especially  of  albumose,  produces  some  hyperpyrexia  io  nfc- 
bits.     Bacterial  Toxins  arc  the  most  efficient  pyretics. 

The  drugs  zchich  Uni'er  temperature  may  do  so  by  producing  a  if*"' 
cral  depression  of  the  central  nervous  system  —  a  shock  or  coUap^ 
action.  Alcohol,  chloral,  morphin,  etc.  belong  to  this  class^  Th«e 
lower  the  temperature  even  in  previously  healthy  individuals. 

The  typical  antipyretics,  on  the  other  hand,  lower  the  temperature 
only  when  it  \S  abnormally  high,  i.  e.,  in  fovcr;  and  then  only  to  nor- 
mal. The  coal-tar  antipyretics  (acctanilid.  anlipyrin.  etc  )  act  cen- 
trally, and  increase  the  heat  dissipation  by  ddatmg  the  cutancout 
capillaries.  Quiiiin  diminishes  the  heat  production  by  a  direct  actioo 
on  the  muscular  metabolism. 

Experiments  (Optional). —  Observations  Required.— Recul  trm- 
peratiTfc  (every  half  hour),  (see  page  8iO).  The  ol>sc^%atlo^^  >hoaM 
be  made  before  giving  the  drugs,  and  a  normal  anmial  should  be  kfpl 
and  observed  under  perfectly  uniform  conditions  to  excliirle  aoo- 
dental  variations.  ( The  cflfects  are  usually  seen  in  two  lu  thttc 
hours.) 

J.  Chloral  (Fall  of  temperature  by  collapse). —  Give  a  nbbit  a6 
Gm.  per  Kg.  of  chloral  tO  c.c.  per  Kg.  of  io%)  by  the  siomach-uihe 
There  is  a  fall  of  temperature,  general  depression  and  partial  nr 
complete  anesthesia.  The  respiration  is  <lowcr  and  more  ^Hall*  * 
(Depression  nf  mt-dnllary  centers.) 

a.  Morphin  (Fall  of  temperature  by  diminution  of  mctabolUm. 
and  perhaps  by  a  specific  effect  on  temperature  centers).—  Imcrt 
hypndormically  oi  Gin  per  Kg.  (^5  c  c.  per  Kg.  of  4%  solution) 
The  effects  resemble  those  of  chloral,  but  are  not  so  severe.  (Tf»t 
urine  for  sugar.)  A  respiratory  tracing  may  l>e  taken  (see  pag*  P'<*^ 
if  the  animal  shows  Clieyne-Siokc^  rcpiration   (set*  Fie    5^,  page  18?^ 

3.  Cocain  (Rise  of  temperature  through  stimulation  of  tl" 
caudate  nucleus). —  Inject  hypodermically  so  mg.  per  Kg.  (i  c.c^ 
Kg.  of  5%).     Rise  of  temperature  of  t  to  2^  C. 

4.  Albumose  (Rise  of  temperature). —  Inject  hypodermiciHr  ^ 
Gm.  per  Kg.   (5  c.  c.  per  Kg.  of  20%) :     Rise. 

5.  Santonin  (Fall,  then  rise). —  Inject  into  the  stomach  05  C*^ 
per  Kg.  of  Santnninate  of  sodium  (10  c.c.  per  Kg.  of  5%) :  Tlier< '' 
at  first  a  fall  of  temperature,  due  to  the  increased  heat  Ios«^  Co«ii«I' 
sions  set  in,  and  when  these  are  violent,  the  temperature  may  ri*e  f" 
account  of  the  increased  muscular  activity.  When  the  con*'ulsiftW  f* 
place  to  paralysis,  there  is  a  second  more  profound  fall  of  tctnpf " 
lure.  (Santonin  illustrates  typically  the  effect  of  all  convulsani  poi«wi* 
on  temperature.) 

6.  Antipyrin  (Little  effect  on  normal  animals).— Give  a  r^^" 
0.1  Gm.  per  Kg.  (5  c.c.  per  Kg  of  .*'"()  by  the  stnmach-tube.  TV" 
is  little,  if  any.  effect 

7.  Antipyrin  in  Fever  (Reflation  of  temperature). —  Girr  tbt 
rabbit  albumose,  as  in  Experinu-nt  4.  and  follow  this  in  four  hcntr'  ^1 
anlipyrin  (as  in  Ex(>criment  6).  The  temperature  soon  reliim*  "* 
normal,  whilst  that  nf  4  remains  high. 

Summarise  the  effects  of  Aitiipyrin  in  Chapter  XXXVIIf,  So.  'ft 
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EXERCISE   37.— STIMULATION    AND    DEPRESSION 
(INTRODUCTION). 

Study  in  connection  with  Chapter  VII 

Pharmacologic  agents  act  by  increasing  or  diminishing  the  normaj 
functions  of  the  tissues.  They  never  create  new  functions.  Excep- 
tions to  this  rule  are  few,  and  indeed,  only  apparent.  They  depend  on 
the  exaggeration  of  a  function  which  is  normally  so  sligl;t  as  to  he 
imperctnuiblc;  or  which  may  be  latent  on  account  of  unsuitable  con- 
ditions. 

An  increase  of  function  is  called  stittiuhtiott.  If  it  is  accompanied 
by  infiammatory  phenomena,  it  becomes  an  irritation,  and  is  necessarily 
harmful  to  the  tissue.  A  stimulation  may  be  hannless,  although  it 
tends  to  pass  into  fatigue  or  exhaustion. 

A  diminutinn  of  function  is  termed  depression.  If  the  function  is 
entirely  al>olifc^hcd,  we  speak  of  f>aralysis.  This  permits  of  recovery,  if 
it  involves  only  one  function.  If  all  the  functions  are  paralyied,  we 
have  death. 

The  majority  of  drugs  and  poisons  produce  stimulation  at  first  or  in 
smaller  doses;  and  depression  in  larger  doses.  The  principal  differ- 
ences are  foimd  in  the  relative  degree  and  duration  of  the  stimulation 
and  depression.  A  fairly  large  numt)er  of  drugs,  however,  produce 
depression  without  preceding  stimulation;  in  a  few.  the  stimulation  is 
not  followed  by  depression.  In  a  ver>'  few  exceptional  esses,  a  depres- 
sion appears  to  precede  a  stimulation:  but  it  is  likely  that  this  is 
merely  apparent ;  for  instance*  it  may  depend  on  the  involvement  of 
diflfcreni  structures. 

The  immediate  and  late  effects  of  the  same  drug,  and  the  action  of 
small  and  large  doses,  arc  therefore  often  opposed.  As  a  general  rule^ 
the  large  doses  produce  at  first  the  effects  of  small  do«es,  even  when 
Ihcy  have  the  opposite  effect  later.  It  is  customary  to  distinguish 
the-^e  successive  actions  as  primary  and  secondary  (and  sometimes 
tertiary),  or  preferably,  as  early  and  late  affects. 

A  critical  analysis  of  the  actions  of  of  drugs  shows  them  to  be  very 
simple  in  principle:  The  great  majority  produce  a  primary  stimula- 
tion and  secondary  depression  of  most  of  the  structures  to  which  they 
may  be  applied.  The  details,  however,  present  an  infinite  variety,  ac- 
cording to  the  orgars  and  functions  v.hich  are  most  affected. 

Most  drugs  have  a  selective  action,  in  this  sense.  The  detailed  study 
of  these  selective  actions  constitutes  the  special  aim  of  pliarmaco- 
dytiamics,  and  is  of  the  greatest  importance  to  the   physician. 

It  is  rarely  possible  to  understand  the  actions  of  a  drug  by  the  ob- 
servation of  the  symptoms  which  it  produces.  Special  experiments 
are  required,  consisting  essentiallv  in  tlie  functional  i>olation  of  struc- 
tures which  might  be  involved.  The  following  principles  are  generally 
applicable : 

The  structures  which  might  be  involved  arc  considered  in  the  direc- 
tion of  a  reflex-chain    (Fig.  44,  page  121). 

In  case  of  stimulation,  the  links  of  this  chain  arc  successively 
paralyzed:  The  site  of  the  stimulation  is  just  central  to  the  point  at 
which  paralysis  abolished  the  action.  The  paralysis  is  accomplished 
by  section  or  by  drugs. 

In  case  of  paralysis,  the  links  of  the  chain  are  successively  stim- 
ulated: The  site  of  the  paralysis  is  just  central  to  the  point  where 
stimulation  is  effective.  The  stimulation  is  made  electrically  or  by 
drugs 

In  the  actual  experiments,  the  structures  are  not  taken  in  the  order 
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nanu'd,   but   according  to  convenience  of  tcchnic.     It    is   customary 
start  with  the  nerve  trunk  and  then  to  work  centrally  or   pcnplieral 
as  ihc  result   may  indicate. 


EXERCISE  j8.— STUDY  OF  THE  LOCATION   AND  TYPE  OF 
CONVULSIONS  ON   KKOGS. 


Study  in  connection  with  Chapter  VIII. 
Review  electric   stimulation,  page  792  and   7fii\  and  administrattoc, 

pajfo  795- 

Explanatory. —  This  exercise  involves  the  application  of  the  prin- 
ciples of  the  last  lesson.  Both  strychnin  and  picrotoxin  cause  coiivdI- 
sions.  The  action  might  conceivably  be  located  in  the  sensory  end- 
ings, in  the  brain,  medulla,  spinal  cord,  motor  endings,  or  raiuck 
fibers.  If  it  is  central,  it  could  be  due  to  direct  stimulation,  or  to  in- 
creased  sensibility   10  reflex  impulses. 

The  student  will  determine  the  correct  explanation  by  his  eiipen- 
ments. 

The  type  of  the  convulsions,  when  once  seen,  gives  a  very  pliin  hint 
of  the   prohable   location   of   the  action      The   student   should  tabuUte 
the    distinctive    differences    between    strychnin    and    picrotoxin.    Ttiw 
will  be  facilitated  by  the  use  of  the  following   terms; 
Ofyisthoionus:     Body  arched  backward. 
Etiiprosthotonus:     Body  arched  forward. 
Clonic   Conz'ulsious:     Intermittent,  jerky. 
Teianic  Convulsions:     Permanent  stiffening. 

Quite  a   number  of  poisons  produce   the   same  effects  as  sttyi 
for  instance.  5,mal]  doses  of  cafTein:  morphin  also  produces  the  nuw 
action,   after   a   time.     (Consult    Exercise  41.   No.    1.) 

Large  doses  of  oaffcin  and  veratrin  also  produce  effects  which  r^ 
semhle  those  nf  strychnin  superficially  (consult  Exercise  45I.  The  K* 
tion  of  cafTtiiK  however,  is  due  to  rigor,  for  it  persists  after  ntttinf 
the  nerve,  and  the  muscles  arc  inexcitable.  Veratrin  acts  directU  on 
the  muscle  fiber,  for  even  the  isolated  muscle  remains  contracted  fof 
a  long  time,  whenever  it  is  stimulated. 

Experiments.— Half  the  set  should  work  with  strychnin  (I)t  tl** 
other  half  with   picrntnxin    (If). 

I.  Strychnin  flncrfasod  reflex  excitability  of  the  spinal  ctwdl - 
I.  Type  of  the  Convulsions. —  Inject  into  the  lymph  sac  of  a  froU 
Ya  c.  c.  of  ^/^f,%  Strychnin.  Obs-erve"  the  type  of  the  convulsion*  ci"* 
fully.  Note  when  they  appear;  that  the  legs  arc  extended,  and  l^K 
arms  flexed :  the  frog  may  he  held  hnriy.ontally  by  the  feel.  The  cpn- 
vulsions  intermit,  the  frog  being  paralytic  between  the  spasm*  •''* 
spasms  may  start  with  a  cry.  Make  a  written  description  of  thecff*f^ 
and  Hrnw  a  sketch  of  the  typical  tetanus. 

a.  Nature  of  the  Stimulus.— fa)  Note,  on  the  above  frog,  tha 
the  convnlsions  appear,  as  a  rule,  only  when  the  animal  i»  stifnoljtfl^ 
Note  that  the  following  stimuli  are  effective  ■  touching,  )arfit>g  '»'' 
table,  sound   fclnpping  hands),  electric  stimulation  nf  the  skin 

(ft)  Pith  the  brain  (see  page  795)  of  the  same  frog  (or  of  jfwt'K* 
poisoned  by  strychnin)  and  remove  the  skin  from  the  muscle  of  onel«- 
expose  the  sciatic  nerve   (sec  page  796)   of  the  same   leg:  exp(«* '* 

Materials  Required  (for  six  students). —  8  frogs;  2  injection  pip<tte*j 
h>Tiodermic   .syringe   and   needle :    dissecting  apparatus :    induction  c^[ 
with    fittings;   2   pithing   needles.     Vi»%   stnchnin    sulphate   (5  ^^l' 
I  ;  250  aqueous  picrotoxin   (3  c.  c);  */«■%  strychnin  sulphate  (S  ^^ 
(The  last  for  demonstration.) 
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intestine.  Determine  the  weakest  current  which  will  set  off  a  spasm 
if  applied  to  the  skin  of  the  int.-ict  leg.  Try  the  same  current  on  the 
exposed  muscle,  nerve,  and  intestine.  Strengthen  the  current  as  neces- 
sary; an  effect  may  be  ohlaijied,  fir?;!  from  the  nerve,  then  from  the 
skin,  then  from  the  muscles,  and  last  from  the  mtcstine.  Formulate 
conclusions. 

3,  Location  of  Tetanus.—  Inject  %  cc.  of  Vit>%  Strychnin  into  a 
froR.  ia)  Immcdiaicly  after  the  convulsions  appear,  divide  the  sciatic 
nerve  of  one  leg :  ihc  leg  dtic>  not  participate  in  the  convulsions. 
ib)  Destroy  the  brain  in  the  -amc  frog;  the  convulsions  continue. 
(f>  Destroy  the  medulla  in  the  same  fruK ;  the  convulsions  continue. 
id)  Ligate  the  leg  of  another  frog,  exclusive  of  the  sciatic  nerve. 
Inject  }4  c.  c.  of  '/w^  strychnin  below  the  ligature;  no  convulsions. 
Formulate  conclusions   for  Experiment  ,v 

4.  (  Denionstralioii. )  Itiject  0.4  mg.  per  too  Gm.  of  strychnin  sul- 
phate (4  c  c.  '/i..,7p  iwr  joo  Gms.)  into  a  frog.  When  the  paralytic 
condition  predominates,  place  on  ice  over  night:  the  animal  ag^in  be- 
comes convulsive  (the  convulsions  were  ohscurcd  by  the  paralysis). 
(See  also  Baglioni's  experiment  and  exclusion  of  posterior  root  gan- 
glia, page  144:  the  technic  is  described  in  Edmunds  and  Cushny, 
page  75  > 

II.  Picrotoxin  (Stimulation  of  the  medullary  centers). —  Make  the 
experiments  as  for  strychnin  {!,  I.  2a,  30,  b.  c).  using  1.5  c.  c.  of 
I  :  250  solution. 

1.  The  convulsions  occur  only  after  a  period  of  depression  lasting 
10  half  an  hour.  The  animal  goes  through  a  regular  cycle  of  motions; 
a  characteristic  feature  is  that  the  !cgs  are  abrliicted  in  one  stage. 
The  animal  may  turn  a  somersault.  The  abdomen  may  be  bloated 
with  air.     Between  the  spasms  the  animal  is  paralyzed. 

2.  Note  that  the  convulsions  may  occur  in  the  absence  of  stimula- 
tion. 

X  a  and  b.  as  in  strychnin:  c,  the  convulsions  stop. 

ill.  Optional. —  Ammonium  Carbonate  0.025  Gm. ;  Camphor  Cr  cc. 
of  spirits)  or  Carbolic  Acid  M  c.  c.  of  1%)  may  be  used  in  place  of 
picrotoxin.  but  the  effects  are  less  typical. 

SHmmarise  the  effects  of  Picrotoxin  in  Chapter  XXXi'IU,  .Vo.   //, 


EXERCISE   39  — CONVULSANTS,   MAMMALS. 

Study  in  connection  with  Chapters  VIII.  XV,  XX,  and  XXI. 

Explanatory. —  The  effects  of  convulsant  poisons  are  very  similar 
in  frogs  and  in  mammals.  They  can  he  localized  by  the  same  methods, 
but  the  technic  is  naturally  more  dilTkult  in  the  higher  animals.  Only 
the  symptoms  will  be  studied  in  this  exercise.  The  seat  of  the  action 
is  the  same  as  in  the  frog. 

Sf*inal  Comvlsants  proiluce  increased  reflex  excitability,  and  then 
tetanic  opisthotanus.  Strychnin  is  the  principal  example;  caffein  be- 
longs  to  the   same  group. 

Medullary  Couvulsants  produce  clonic  .spasms  with  tendency  to 
cmprostbotonus.  Nicotin  and  hydrocyanic  acid  (consult  Exercise  24, 
No.  Ill)  belong  to  this  group  They  act  by  producing  asphyxia  which 
is  the  direct  cause  of  the  convulsions  Veratrin.  camphor,  picrotoxin. 
cornutin.  and  some  others  act  directly  on  the  centers. 

Cerebral  Conzuhants  act  on  the  motor  areas.  Tliey  produce 
rythmic  twitchings  of   mu«icles    (choreiform   contractions)    or  epilepli- 

Xfateriah  Required  (for  entire  classV — 3  rabbits:  bell  jar;  hypoder- 
■mic   syringe   and    needle;    guinea   pig.    Vw%    veratrin    (s   c.  c.) 
camphor  in  oil   (10  c.  c.)  :  coal  gas. 
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form  spasms.     These  are  somctitpes  seen  in  morphin  poisoning 
arc  also  produced  by  absinth. 

Psychic  Excitants  produce  constant  motion,  but  of  a  purposive  lyp^ 
plainly  due  to  excitement.     The  movements  may  a$5ume  vanotu  tv 
There  may  be  simply  an  increased  vivacity,  as  with  atropin   istc 
ercise  28,  No.   1 )  :  or  the  animal  may  becnme  maniacal,  as   sotnctim 
with  Cannabis  (see  Exercise  ^4,  No.  It);  or  it  may  run  constantly 
a  circle. 

The  centra!  action  may  also  remain  localized  in  certain  dfftnitf  en- 
ters. Small  doses  of  caffein,  for  instance,  cause  an  increaw  of 
psychic  activity  and  tendency  to  wakefulness.  Apomorphin  acts  nuinlj 
on  the  vomitinR  center;  the  antipyretics  on  the  temperature.  Vmp 
may  also  Rlimulale  the  vasomotor,  vagus,  or  respiratory  center,  etc 

The  action  of  convnisants  on  mammals  is  often  not  sharply  lucil- 
izcd.  but  involves  different  centers  in  .succession,  generally  from  tlie 
brain  downward.     Corain,  carbolic  acid,  and  asphyxia  are  example* 

[t  will  be  noted,  111  titt;  following  experiments,  that  the  stunulatioo 
is  generally  followed  by  depression. 

Present  the  differences  in  the  symptoms  from  spinal  and  meddlUry 
convulsants  in  tabular  form. 

Experiments  (Demonstration).— I.  Strychnin  (Increased  txaU-^ 
bility  of  spinal  cord).  iCuiisuU  Exercise  24,  No.  i,  ;^nd  Excrci^  jg.  I' 
these  have  been  suflicienily  illustrative,  they  need  not  !«•  repeated  )  In- 
creased re(U*x  excitability;  sudden  spasms:  opisthotonus;  micrniirtion* 
with  paralysis.     Make  a  drawing  of  a  typical  convulsion. 

El.  Veratrin  (Stimulation  of  Medulla). —  Inject  hypodermically  into 
a  rabbit  r  mg.  per  Kg.  of  Veratrin  sail  (i  c.  c  i>er  Kg.  of  W^\ 
Repeat  in  20  minutes,  if  necessary:  salivation,  inctwrdtnJltOA 
irregular  convulsions,  animal  jumps  straight  up  ("buck*").  Para- 
lytic condition.  If  death  should  occur,  the  rei^piration  stops  befort 
the  heart.  (The  commercial  samples  of  veratnn  vary  couMdcriMT 
in  their  activity  and  it  may  therefore  be  diflicult  to  hit  upon  the  proitrr 
dose  which  is  required  to  produce  the  "bucking") 

ill.  Camphor  (Stimulation  of  the  Motor  Areas  and  Mcdulla)- 
Admiiuster  JS  e.  c.  of  a  J0%  solution  of  camphor  in  *u]  to  a  rabliit  by 
stomach  tube.  The  convulsions,  which  occur  in  about  30  minute*  w 
later,  resemble  those  of  veratrin. 

IV,  Asphyxia  (Mainly  medullary  stimulation). —  Place  a  gomca 
pig  under  a  bell-jar,  and  pass  coal-gas  under  the  iar;  the  animal  p^f 
signs  of  discomfort,  goes  into  incoordinated  convidsions,  And  tb«i 
into  coma.  Remove  the  bell-jar.  and  start  artificial  respiration;  prompt 
recovery. 

EXERCISE  40— CENTRAL  DEPRESSANTS,   MAMM.\LS 

Study  in  connection  with  Chapters  TX  and  XIX. 

Exptanalory. —  Central  depressants  may  involve  the  same  Jt^" 
lures  as  the  convulsants.  The  action,  however,  is  not  usual)>'  locil'rt'' 
as  sharply;  especially  when  different  doses  arc  compared.  The  or-yj 
in  which  the  centers  arc  paralyzed  is  generally:  Brain,  fpin^l  ^^ 
mcdttlla. 

Depression  of  the  brain  interferes  in  the  first  place  with  the  hifli^' 
psychic   processes ;   this   passes   into   sleep,  and   finally  into  aoc*!!*^'^ 

Materials  .\'ci-dcd  (for  entire  class). —  3  small  dogs:  t  cat:  i  rt^^- 
2  guinea  pigs:  5  c. c.  h_\Tiodermic  syringe  with  large  needfe:  jtom*^"! 
catheter  and  bulb;  rectal  thermometer;  measuring  pipette;  tinnM"' *2 
cotton.  4%  morphin  sulphate  (^  c c)  :  ether  (100  c.  c.)  ;  chloral,  t''* 
(is  c.  c):  ethyl   chlorid  :  25%   MgSO.   (20  c.  c). 
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►rwision  of  the  spinal  cord  leads  to  loss  of  reflex  excitability;  de- 
pression of  Ihc  medulla,  to  fall  of  blood  pressure,  quickening  of  the 
pulse,  slowing  of  respiration,  and  fall  of  temperature.  The  location 
of  the  action  of  the  depre«Jsant5  is  therefore  indicated  hy  the  symptoms. 

The  readiness  with  which  the  successive  stages  may  be  produced, 
aiid  their  duration,  varies  with  each  drug,  and  determines  its  uses  in 
ihcrapruiics. 

Those  which  act  mainly  on  the  higher  centers  are  used  for  the  relief 
df  pain  (analgesics)  or  for  producing  sleep  (hypnotics):  Morphin, 
Cantiabis,  Alcohol,   Chloral. 

Those  which  act  profoundly  on  the  brain  and  spinal  cord  are  em- 
ployed for  operative  anesthesia  (general  anesthetics) :  Ether.  Giloro- 
form.   Ethyl  Chlorid,  etc. 

Paralysis  of  the  medulla  (Chloral,  Chloroform)  is  only  utilized  m 
experimental  tcchnic;  hut  it  is  important  as  a  source  of  danger  in 
anesthesia.     It   is  treated  irainly  by  artificial   respiration. 

It  will  be  remembered  that  most  central  stimulants  also  produce 
some  depression:  similarly,  ibc  depres^iants  often  cause  some  stimula- 
tion, Moiiibin  may  produce  excitement  in  certain  individuals;  it  may 
also  stimviiatc  the  vomiting  and  defecating  and  motor  centers.  It 
always  increases  Ihc  reflex  excitability  of  the  spinal  cord,  and  may 
even  cause  typical  sinchnin  spasms  in  the  lower  animals. 

Alcohol  and  the  general  anesthetics  produce  a  preliminary  stimula- 
tion. This,  however,  is  not  due  to  a  direct  stimulant  action,  bul  to 
inhiliiiion  of  restraining'  centers,  and  to  reflex  stimulation. 

Experimentt   (To  be  distributed  amongst  the  class) ; 

Consult  Exeirise  24,  No.  IF,  Cannabis  Indies. 


29.    * 

'     VI.  Alcohol. 

.t6.    • 

'      I.  Chloral. 

.^    • 

'     n.   Morphin. 

30.     • 

'     4,  Morphin. 

34.    ' 

'     2,  Morphin. 

39.     • 

'      IV.  Asphyxia, 

Ef  the  chloral  and  morphin  experiments  have  been  sufficiently  illus- 
tivp,  ihev  need  not  be  repeated.) 

I.  Morphin. —  (a)  Dog. —  Oh.srrvc  the  pulse,  respiration,  tempera- 
ture, reflexes,  and  pupils  of  a  dog,  taking  care  that  the  animal  is  not 
excited.  Inject  hypodermicaliy  2  c.  c.  of  4%  morphin  and  carefully 
observe  the  effects.  The  animal  will  prol  idly  vnmit  and  pass  feces 
and  sometimes  urine.  (Stimnlatinn  of  medullary  and  spinal  centers?) 
The  respiration  may  be  temporarily  quickened,  hut  will  soon  become 
slowed  and  more  shallow  (stimulation  and  depression  of  the  respira- 
tor)- center).  A  tracing  may  l)c  taken  (see  page  816  and  Tig.  $2,  page 
11*5)  The  pulse  rate  will  decrease  (stimulation  of  vagus  center).  The 
temperature  falls  (general  lowering  of  metabolism).  The  pupils  are 
variable  (central  action).  The  animRl  Iwcomes  more  (juict ;  does  not 
move  spontaneously,  and  the  movcm*yits  are  shivering  The  hind  legs 
are  especially  affected,  and  niny  be  dragged  when  the  animal  walks. 
The  dog  does  not  usually  fall  asleep:  but  pain  is  fell  less  acutely. 
The  reflexes,  however,  are  not  diminished. 

The  effect  is  on  the  whole  a  central  depression;  the  action  differs 
from  that  on  man  mainly  by  the  absence  of  sleep,  and  by  the  presence 
of  the  diarrhea,  by  the  variability  of  the  pupils,  and  by  the  more  pro- 
nounced motor  disturbances. 

(b)  Cat. —  Observe     pupils,     respiration,     and     pulse.     Inject     bypo- 
dennically   t   c.  c    of  4%   morphin.     The  effect  is  excitant,  the  animal 
nng  about.     The  pupils  dilate. 
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<f)  Guinea  Pig. —  Take  the  temperature  and  respiration  Inject 
hypodermically  i  c.  c.  of  4%  morphin.  The  animal  is  depressed,  and 
may  perhaps  die  eventually ;  but  death  is  preceded  by  convulsive  *htv- 
ering.  which  can  he  felt  by  suddenly  lifting  the  animal. 

II.  Chloral. —  Take  the  temperature  and  respiration  of  a  rabbit- 
Inject  into  the  stomach  0.6  Gm.  per  Kg.  of  Chloral  (6  c-c  per  Kj 
of  10%)  and  note  the  effects.  The  rahhii  becomes  depressed;  this 
may  increase  until  the  animal  lies  motionleiis  on  its  side.  Lift  a  leg 
and  note  that  Iherc  is  no  muscular  resistance;  painful  manipuUtinm 
produce  no  effect  The  respiration  is  slow  and  shallow  (dcprcMtio 
of  the  respinjiury  center).  The  lempcrature  falls  greatly  I  increased 
loss,  and  diminished  production  of  beat,  due  to  the  gerieral  dcprts- 
sion). 

III.  Etfaer  (see  page  803). —  Take  the  pulse,  respiration,  and  Icm- 
peralure  of  a  dog;  also  note  the  pupils.  Pour  a  tablespoonful  of 
ether  on  a  •ipongc  or  cotton,  and  apply  to  the  mouth  of  the  doj,  covet- 
ing the  entire  mouth  closely  with  a  folded  towel.  The  dog  must  bf 
held   firmly   between   the  knees.    The  animal  at  first  struggles  fiercely 

( first  stage  of  anesthetia ;  due  mainly  to  reflex  irritation  and  to 
asphyxia).  The  struggles  soon  cease,  the  animal  becomes  quiet  ind 
falls  on  its  side,  Lift  a  leg  and  note  thai  there  is  no  muscular 
resistance.  Painful  impre'^sions  (pinching)  produce  no  reaction.  Tlie 
conjunctival  ( winking)  reflex  usually  pcrsi'its  until  very  lalc  The 
respiration  is  slowed  and  shallow.  The  temperature  falls.  The  ptipih 
are  variable,  but  usually  constricted.  The  puIse-raie  is  slowed.  With- 
draw the  ether  and  note  that  the  animal  recovers  consciousness  rapidly, 
and  that  all  (he  functions  undergo  improvement.  Some  degree  of 
depression  and  motor-incoordination  persists,  and  the  animal  reimtni 
nauseated  and  very  thirsty  for  some  time.  The  effects  of  the  eihrr 
bear  a  close  resemblance  to  that  of  chloral;  but  with  chloral  the  *tni|' 
gling  is  absent,  ami  the  anesthesia  more  persistent. 

IV.  Ethyl  Chlorld.—  Put  some  cotton  in  a  tumbler.  Sptay  on  thit 
about  a  teaspoonful  of  ethyl  chlorid.  Invert  over  the  mouth  of  « 
dog,  wrap  with  a  towel.  .Anesthesia  occurs  very  promptly,  and  ff- 
covery  follows  as  quickly  when  the  tumbler  is  removed.  The  anesthe- 
sia is  a  mixed  effect  of  the  very  quickly  acting  aneMhetic,  and  of 
asphyxia. 

V.  Magnesium. —  Inject  hypodcrmically  into  a  guinea  pig  5  C-c 
per  Kg.  of  25%  MgSO,  (or  into  a  rabbit.  7  c.  c.  per  Kg.) :  Compkte 
anesthesia  in  an   hour,   followed  by  complete  recovery. 
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EXERCISE  41.— CENTRAL  DEPRESSANTS.   FROGS. 

Explanatory. —  This  exercise  should  be.  compared  with  Exercise  |i 
It  will  be  seen  that  the  phenomena  are  essentially  similar  The  *ti^ 
cessive,  descending  paralysis  of  the  higher  centers  by  morphin  is  ni"<" 
more   sharply  defined. 

Each  set  of  three  smdenls  may  take  one  of  the  experiments 

Experiments. —  1.  Descending  Central  Paralysis  (Morpfain)-'''^' 

ject  into  the  lymph  sac  of  a  frog  50  mg.  of  morphin  sulphate  (\\i  •■*  * 

of   4%),     Observe   the   symptoms    (which   correspond   to   the  ablatw^ 

of  the  central  nervous  system  at  successively  descending  levels).    '*>'■ 

Matfrials  Needed  (for  \2  students). —  4  frogs,  morphiniied  Cf<«: 'f*" 
jected  several  hours  before  the  exercise:  frog  l)oard;  2  tumblers.  '"■ 
duction  coil;  pipettes;  cotton.  4%  morphin  solution  (2  tc.),*).^* 
alcohol  (2  c.  c);  10%  chloral  {2  c-c):  ether  (loc.  .c);  35*  XUSO* 
(5  c.c). 
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lal  at  first  becomes  quiet,  and  does  not  move  spontaneously ;  it 
sits  erect,  however,  and  jumps  11  stimulated.  Place  the  ammat  on  a 
small  board,  and  tilt  the  head-end  ^slowly  up:  the  animal  will  climb 
up  the  board  Of  observed  suflficienily  early:  later  it  will  not  do  so). 
Laid  on  its  Lack  it  recovers  its  normal  position.  Place  the  morphin 
frog  and  a  normal  frog  in  a  tumbler  tilled  with  water,  and  invert  this 
over  a  large  jar  filled  with  water  (not  admitting  any  air  into  the  tum- 
bler). Both  frogs  will  rise  to  the  top  to  breathe;  but  the  normal  frog 
finding  no  air,  will  di%'c  down  and  out  of  the  tumbler ;  the  morphini/cd 
frog  remains.  Remove  it  from  the  tumbler  and  observe  that  it  can 
swim.  Remove  from  the  water.  .\s  the  action  of  the  poison 
progresses,  the  frog  will  sit  more  Hat.  Laid  on  its  back  it  makes  m- 
efTectiial  efforts  to  turn.  Still  later  the  frog  lies  quite  flat,  makes  no 
effort  to  turn,  and  cannot  swim.  On  punching  the  toe,  the  leg  still 
contracts.  This  shows  that  the  cord  and  the  peripheral  sensory  and 
motor  ner\'es  are  not  paralyzed.  Lay  the  frog  aside ;  in  the  course  of 
some  hours,  or  on  the  next  day.  the  animal  is  found  in  t>'pical  strych- 
nin convulsions.  (One  of  the  frogs  may  receive  the  morphin  several 
hours  beforehand,  and  the  convulsions  demonstrated.) 

II.  AJcohoL — Inject  into  the  lymph-sac  of  a  frog  about  0.5  c.  c.  of 
alcohol  (95%):  Paralysis,  abolition  of  reflexes,  and  respiration. 
Some  preliminary  excilenicnl.  due  to  local  irritation. 

Ml.  Chloral. —  Inject  into  l)Tiiph-sac  of  frog  t  c.c.  of  fo%  chteral: 
Effect*;  ai  with   alcohol. 

IV,  Ether. —  Place  a  frog  under  an  inverted  tumbler  containing 
some  cotton  saturated  with  ether:     Effects  as  with  alcohol. 

V.  Magnesium. —  Inject  into  tymph  sac  0,8  c.  c.  of  25%  MgSO«  for 
each  ID  Gni.  of  frog.  Complete  anesthesia  in  an  hour.  Recovery  by 
next  day. 

EXERCISE  42— PERIPHERAL  MOTOR   PARALYSIS,   FROGS. 

^H  Study   in   connection    with   Curare,   Chapter   XII. 

^^Explanatory. —  To  determine  whether  a  motor  paralysis  is  central 
or  peripheral,  the  sciatic  nerve  is  exposed  and  stimulated  electrically. 
If  there  is  no  response,  the  paralysis  is  peripheral.  If  the  muscle  con- 
tracts, the  central  scat  of  the  paralysis  is  located  by  successive  stimula- 
tion of  the  cord  and  medulla 

A  peripheral  paralysis  may  he  in  the  nerve-trunk,  the  endings,  or 
the  nni<'cle  fiber.  No  drug  is  known  which  acts  selectively  on  the 
motor  nerve-lrunk  when  applied  systemically.  The  possibility  of  this 
action  may  be  excluded  by  the  curare  experiments  described  below. 
If  the  motor  endings  are  paralyzed,  the  muscle  will  contract  if  the 
electrode*  are  laid  directly  upon  it.  This  effect  is  produced  most 
typically  by  curare :  but  it  is  also  shared  to  a  minor  degree  by  strych- 
nin, coniin,  lobelin,  camphor,  oriianic  ammoniums,  etc.  These  drugs, 
however,  have  other  actions,  which  are  much  more  powerful,  and 
which  generally  kill  the  animal  in  doses  much  smaller  than  those 
required  to  produce  the  curare  effect.  This  may  therefore  be  very 
incomplete,  or  may  be  demonstrable  only  by  local  application  to  frog's 
muscle?. 

MatericU  Seeded   (for  18  students). —  6  frogs:  dissecting  tools:  I 

c.c.  injecting  pipettes  (3)  ;  2  capsules  and  slides:  6  induction-coils  with 
batteries   and   electrodes.     Demonstration. —  Belljar,   cigar,    frog. 

Solutions    (all    in    normal    saline). —  ^3%    curare    (5    cc);    */n% 
curare  (20  cc);  0.2%  nicotin   (5  c.c);  0.1%  nicotin  (20  ct);  0.1% 
fsostigmin  (10  c.c);  Vi«^  sapotoxin  (10  c.c). 
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Experiments.^  One  experiment  may  be  asMgned  to  each  set  of 
Ihr-je  stiuknls.  For  instanct:  Scl  A  =  I,  l  and  2:  B^I.  3;  C  =  I. 
4  and  S;  V  =  ll,  t  and  2;  E  =  1I.  3:  F=IV':  III  =  Demonstration 
If  the  curare  experiment  has  heen  performed  satisfactorily  m  tht 
physiology  covirsc.  No.  1,  i — 3.  need  not  be  repeated. 
I.  Paralysis  of  the  Nerve  Endings  in  Striped  Muscle  (Corare). 

1.  GcHt'val  Symptoms. —  Inject  J  j  lo  1  c.  c.  »n'  a  !  _.'/c  Mihitum  (rf 
curare  into  the  lymph-sac  of  a  frog,  repeating  the  dose  every  iQ  min- 
utes if  necessary.  Note  Ihc  general  symptoms;  the  reflexes  disappear 
and  the  frog  shows  a  general  muscular  paralysis,  but  without  ihc 
prccceding  cerebral   depressions  which   was  observed  with  mon'hin.' 

2.  Seat  of  the  Paralysis. —  When  the  reflexes  liave  entirely  disap- 
peared in  the  above  frug.  isulatc  and  stimulate  a  sciatic  nerve  (»« 
page  796).  There  is  no  response  (or  if  the  poisoning  i$  inconiplflt 
only  a  slight  contraction).  The  paraly-^is  is  tlierefore  peripheral  to 
the  cord.  Apply  the  electrodes  directly  to  the  muscle;  there  i«  1 
strong,  normal  contraction.  The  muscle  fibers  arc  therefore  rot 
paralyzed.  The  curare  must  iherefore  act  cither  on  the  ncr\e-tnjnk, 
or  on  its  endings. 

3.  Seat  of  Paralysis,  Continued  (Claude-Bernard's  Experimentl- 
Takp  another  frog,  pith  its  brain,  and  ligate  one  leg.  excludintf  the 
sciatic  nerve.  Inject  the  dose  of  curare  used  in  (i)  into  the  lymnb- 
sac.  and  allow  it  to  develop  its  action.  Stimulate  the  sciatic  nervt  of 
both  legs;  the  unligated  leg  does  not  respond,  the  ligated  leg  eon- 
tracts-  Direct  stimulation  of  the  muscle  produces  contraction  in  eithw 
leg.  The  ligature,  which  prevented  the  action  of  the  curare,  excluded 
the  poison  fr<»m  the  nerve  endings,  but  not  from  the  greater  part  oi 
tlie  nerve-trunk.  It  follows  that  the  curare  paralyzes  exclusively  llw 
(motor)   ncr\'e  endings. 

4.  Seat  of  Paralysis.  Continued. —  The  conclusions  of  2  and  3  m»y 
be  arrived  at  more  simply,  and  on  one  animal,  as  follows:  Fii  1 
slide  across  a  small  evaporating  dish  containing*  some  Vw%  curait 
solution  in  normal  saline :  the  solution  should  not  reach  the  »IiOe 
Make  two  muscle-nerve  preparations  (see  page  797)  from  a  frtsh 
frog,  determine  the  smallest  current  (see  page  799)  which  will  pvf 
contraction  when  applied  to  the  nerve,  and  directly  to  the  muscle,  uy 
the  muscle  of  one  preparation  on  the  slide,  letting  the  ne^^•e  dip  in  liie 
solution.  Lay  the  nerve  of  the  other  preparation  on  the  slide,  letlini 
the  muscle  lay  in  tlie  solution.  Remove  the  preparations  every  fi« 
minutes,  testing  their  excitability  as  described  above ;  replace  ilwnu 
and  repeat  as  often  as  necessary.     Present  the  results  in  tabular  form: 


SriMut^TiON  or: 
Distance  of  coils: 

Before   laying  in   solution.. 

5    minutes 

10    minutes 

Etc 


Ner\*k  in  aoLL'Tiov.  Mi^scLE  ly  soimni*- 
McscLE.        Nerve.     Muscle.       Nnvr 


The  nerve  which  has  lain  in  the  curare  retains  its  its  excitability 
The  preparation  of  which  the  muscle  has  Iain  in  the  solution  lteci>iP^ 
incxcitahle  to  stimulation  by  the  nerve;  the  muscle  itself  retain*  ii< 
excitability.  The  action  of  the  curare  must  therefore  be  on  'onie 
structure  between  the  nerve-trnnk  and  the  muscle  fiber. 

5.  Antagonistic  Action  of  Physosttatttin. —  Lay  the  curartwd  tnu*clf 
of   the   last   experiment   in    I  :  t.ooo   Physostigmin    (in   normal  saline). 

*  With  Kunc  umples  of  curare,  strychnin   tctinui  precede*  the  panl»«ik 
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excitability   from  time  to  time:     Some  recovery  occurs,  ihe 
«n  removing  the  curare  bUx:k, 
Curare  Action  and  General  Depression  (Nicotln). 

I-  Inject  into  the  lyraph-sac  of  a  frog  2  mg.  <=i  c  c.  of  Oi%l 
nicoim.  Note  that  the  frog  becomes  graduali>  depressed,  assuming 
the  characteristic  positions  illustrated  m  Fig.  61,  page  J65.  ( Note  the 
peculiar  twitching  of  the  muscles.  Divide  one  sciatic  nerve :  the  t>*itch- 
iags  cease.  Stimulate  the  ner\e:  the>-  reappear.  The  scat  of  this 
action  is  therefore  in  the  muscle  or  endings,  but  it  can  only  find  ex- 
pression if  the  nerve  is  stimulated  from  the  brain  or  electrically.) 

2.  Make  a  muscle-nerx-e  preparation  from  the  frog,  and  test  the 
qtiantity  of  current  required  (1.  r.  the  distance  of  the  coi!s>  to  obtain 
a  contraction  if  the  electrodes  are  applied  to  the  ner\*e,  and  if  they  are 
placed  directly  on  the  mi'scle:  less  current  is  needed  on  the  muscle. 
Since  the  reverse  is  the  case  in  a  normal  preparation,  it  is  evident 
that  the  nicotin  must  have  depressed  the  nerve-trunk  or  the  endings. 

3.  Test  the  effect  of  i :  1.000  nicotin  on  the  excitability  of  muscle 
and  ner^e.  as  in  No.  1,  4.  It  will  be  seen  that  the  drug  depresses  first 
the  endinip,  then  the  muscle,  then  the  ner\e-lrunk. 

^  4.  ( Optional.)  The  following  dnigs  may  be  used  in  place  of 
nicotin : 

Ix  Lymph-sac.       Locally 

(in  a75  saline^ 

Camphor  01  Gm.  Saturated 

Lot^elia    2  Gm.  4% 

Coniiim    ..    2  Gm.  4% 

Coniin    . ..,. 10  mg.  0.2% 

Lobclin 10  mg.  0.3% 

Strychnin   I% 

in.  Nicotin  in  Smoke  (Demonstration). 

Take  a  small  tubulated  bcll-jar  fitted  with  ado  My  perforated  stopper. 
One  of  the  perforations  bears  a  tube  reaching  just  below  the  stopfer. 
Into  the  other  opening  of  the  cork  fit  the  drawn-out  end  of  a  wide 
g:las<  tube.  This  end  should  reach  to  near  the  l>ottoni  of  the  jar.  In 
the  other  end  of  this  tnlw  fit  air-tight  a  cigar,  willi  the  end  cut  off. 
Place  a  frog  under  the  bell-jar;  fix  the  latter  with  vaseline  on  a  glass 
plate.  Light  the  cigar,  invert  a  bottomless  test-tube  over  it.  and  blow 
the  smoke  into  the  jar.  The  frog  will  show  the  same  symptoms  as 
in  IT,  I.  since  the  nicotin  is  the  main  active  ingredient  ot  tobacco 
smoke. 
IV.  Paralysis  of  the  Muscle  (Sapotoxin). 

Test  the  excitability  of  any  muscle  of  a  frog  (see  page  jgg)  (direct 
slimulation)  :  place  it  in  a  Vi9%  solution  of  crude  saponin  in  0.75% 
NaCl.  and  note  loss  of  excitability  from  time  to  time. 

Other  protoplasmic  poisons  also  paralyze  the  muscle  cells  directly; 
e.  g..  cocain  or  quinin  (  i  :  i.ooo  to  I  :  100  solutions).     Apomorphinand 
copper  salts  have  the  same  effect,  even  when  injected  svstcmically. 
^^untmarhf  th^  effects  of  Sapotoxin  in  Chapter  XXXl'JH,  No.  u. 

"  EXERCISE  43— PERIPHERAL  SENSORY  PARALYSIS. 

Study  in  connection  with  Chapter  X. 
Explanatory. —  Sensory  paralysis  is  evidenced  by  failure  to  respond 
to  sensory  stimuli  (motor  paralysis  having  been  excluded  by  stiniula- 
lion  of  the  sciatic  nerve).  Central  paralysis  is  excluded  by  slinuila- 
tion  of  an  afferent  ncrve-tnink.  If  this  proves  effective,  the  sensory 
pafaly&is  is  peripheral.  This  may  involve  (he  ncr\'e  fibers,  endings,  or 
1—56 
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sensory  end  cc\U.  Ti  is  not  nlways  possible  to  distinguish  absolutely 
between  these.  Nerve-trunks  are  only  paralyzed  by  direct  applicalioa 
As  a  general  rule,  this  paralyzes  both  sensory  and  motor  fiber*,  hirt 
the  sensory  fibers  are  alTcclcd  much  more  readily.  It  is  somrwhaf 
easier,  however,  to  demonstrate  the  paralysis  of  the  motor  functions, 
as  in  the  experiments  below. 

Sensory  depressants  are  utilized  for  local  anesthesia.  General  anei- 
thcsia  may  be  produced  by  injecti  ig  them  into  the  subdural  canal.  U 
must  be  remembcrud  thai  ihcy  need  to  be  brought  into  direct  con» 
tact  with  the  structure  to  be  paralyzed.  They  are  quite  inactive  'in 
surfaces  from  which  they  are  not  absorbed,  such  as  the  intact  mam 
malian  skin.  On  the  other  hand,  ihey  are  effective  on  mucous  mem- 
branes and  ihe  frog's  skin.  In  other  situations  they  arc  used  by  h>TK'- 
dermic  injection  or  painted  on  the  nerve,  or  injected  under  its  sheath. 
Cocain  and  its  substitutes  are  the  bcit  exampter.  of  local  anesthetics. 

Nunc  of  the  peripheral  seUwOry  depressants  arc  sufiiciently  seicctire 
to  act  from  the  circulation  without  producing  general  intoxication 
They  arc  therefore  used  locally,  and  in  the  case  of  local  anesthetics 
the  action  is  further  confinvd  to  the  place  of  application  by  restricttng 
the  circulation  with  a  bandage  or  by  suprarenal  alkaloid. 

Sensory  anesthesia  may  also  be  produced  by  very  powerful  scman 
stimulalicn.  Most  irritants  are  succeeded  by  anesthesia.  Aconite  and 
menthol   are  examples. 

Experiments. —  Consult  the  action  of  cocain  in  the  eye:  Exercise 
.27.  Nu.  3;  and  Exercise  54.  Each  set  of  students  should  do  S'os.  I. 
II,  and  V  a.  Nos.  Ill,  IV  a,  b.  and  c.  and  V  b,  may  be  distributed 
amongst  the   sets. 

I.  Anesthetic  Action  on  the  Tongue. —  Place  the  drug  on  ihc  tip 
of  tiMiKuc  {ur  saturate  n  small  piece  of  filter  paper  with  the  solotioii 
and  place  on  tongue)  and  test  the  sensibility  to  touch,  L'sc  one  f^ 
the  following:  (a)  Cocain,  a  drop  of  1%;  (6)  Eucain,*  drop  nf  \^', 
ic)  Yohimbin  (chew  5  mg.  tablet);  (d)  Aconite  (drop  of  10^  tinc- 
ture).     In  ihe   last,  the   anesthesia   is  preceded  bv  prickling. 

II.  ParftiysU  of  Taste  Endings.—  (a)  {Specific.—  Vrrba  Santo).- 
Note  the  difference  in  taste  of  a  plain  */ti>%  solution  of  quinin  hyjro- 
cblorid,  and  the  same  solution  after  the  addition  of  10%  of  flaxl' 
extract  of  Verba  Santa. 

(b)  (General. —  Cocain.) — Place  a  drop  of  i%  cocain  on  lb* 
tongue;  after  a  few  minutes  apply  a  drop  of  the  quinin  solution;  n'* 
taste. 

({•)  (Ry  Over-stimulation. —  Strycfmin.^ — Place  a  few  drop*  of 
Vn«%  strychnin  on  the  tongue,  and  then  a  little  10%  *ugar  soIuli«i- 
no  sweet  t;^ste. 

ril.  Paralysis  of  Sensory  Nerve  Endings  (Cocain»  Frog's  Foot).- 
Dip  the  foot  of  n  ir(tg  into  a  1%  cocain  ■solution  CiMniMrc  tH<  "* 
citabilily  of  this  foot  (electric  stimulation,  pinching,  o.i%  HCl,  etc* 
with  the  normni  foot  from  time  to  time.  The  reflex  {and  sensJti«»* 
will   be  nmifilcteSv  To-^l   inside  r.f   to  mintilcv 

IV.  Paralysis  of  Nerve-Fibers  by  Direct  Application.— Make  two 

Maitrials  Needed  (for  12  .students).— 3  frogs;  dissecting  tooU:  Jl 
induction  coils:  filter-scrap:  3  camel's  hair  brushes.  1%  eueaio  <5 
c  c.)  :  yohimbin  tablets;  10%  aconite  (5  r.  c  )  ;  0.1%  quinin  M^J 
chlnrid  (10  c.  c);  same  in  Jo'>f  F.  E.  Verba  Santa  (  ro  ccl:  '* 
cocain  (10  c.c);  <;%  (>;  c.c);  '/.«%  strychnin  (to  c  c.1;  10^  «*"' 
sugar  {2S  c.c);  2%  HCN  (5  c.c);  ethyl  cblorid  tube;  25%  M«SO« 
(5  c  c). 

^  Or  snjr  of  the  cocain  substitutes  may  be  tued. 


I 


44:  DE^§STR?S^^  883 

scle-nerve  preparations  (page  797) ;  test  the  excitability  of  the 
vc     Then  pauit  oti  one   (o)  a  5%  solution  of  cocain,  on  the  other 

2%  hydrocyoHtc  atrid;  note  that  the  excitability  diminishes  and 
tpptan.  Wash  tlie  nerve  in  normal  sahnc;  the  excitability  re* 
X%s  ic)  ;  do  llie  same  exv>erimenl  with  J5%  MgSO«.  (This  cxperi- 
lU  may  also  be  tried  wiUi  ether;  or  the  nerve  may  be  cxpused  to 
ft  in  a  gas  chamber;  it  can  alsu  be  demonstrated  tliai  morphin  has 
effect  j 

d)  {.OptwHol  Experiment.)  The  fad  that  ether  depresses  the 
ducttfity  as  u/ett  as  the  excitability  of  the  nerve  can  be  demon- 
icd  by  arrangmg  the  sciatic  nerve  of  a  muscle-nerve  preparation 
I  small  gas  chamber  on  two  pairs  of  electrodes,  whicli  are  applied 
ihc  proximal  and  distal  extremities,  of  the  nerve.  On  conductmg 
*r  vapors  into   the  chamber,  the  excitability  disappears  first  at  the 

of  the  nerve  which  is  farthest  removed  from  the  muscle. 
\  Freezing. — (a)  Spray  some  ethyl  chlorid  on  the  hack  of  the 
d:  This  produces  pain  and  then  anesthesia,  {b)  Decapitate  a 
led  frog  and  trim  away  the  viscera,  .so  as  to  expose  the  sciatic 
Kuses.  Expose  the  sciatic  nerve  of  one  Ihigh  (page  796).  without 
ling  or  injuring  it,  and  support  it  on  a  match-stick.  Lay  the  fro^ 
h  the  ventral  surface  upward,  arrange  electrodes  on  the  plexurcs 
I  see  that  a  weak  stimulation  is  cflTcctive  (flexing  the  knee  before 
Dulatitig).  Freeze  the  exposed  sciatic  by  a  spray  of  ethyl  clilorid. 
c  leg  will  make  some  spontaneous  contraction  during  the  freezings 

in  a  short  time  it  will  cease  to  respond  to  the  electric  stimulation 
the  plexus,  the  conductivity  of  the  ner%'e  being  paralyzed.     Remove 

spray  and  melt  the  nerve  by  the  heal  of  the  finger:  the  stimulation 
in    becomes  effective   after  a   time. 

EXEROSE  44— PROTOPLASMIC  DEPRESSANTS. 

Study  in  connection  with  Chapter  VII. 
-xplanatory. —  These  paralyze  nervous  and  muscular  structures, 
differ  from  the  muscle-nerve  poisons  by  acting  also  on  monoceUn- 
organisms.  and  often  even  on  ferments.  These  actions  were 
iied  in  Exerci*ies  ip  B  and  20.  They  can  also  be  observed  con- 
iently  np  ciliated  cell^t  and  on  vegetable  seeds. 
|»eriments: 

,  Paralysis  of  Cilia  (To  be  assigned  to  a  few  sets). —  (0)  Cut  off 
lower  jaw  of  one  of  the  frogs  used  in  a  former  expeiiment,  so  as 
expose  the  ciliated  mucosa  of  the  pharj-nx  and  oesophagus.  Irri- 
■  with  normal  saline  solution.  Determine  the  time  which  a  small 
of  cork  requires  to  travel  a  certain  distance  (which  may  be  marked 
by  pin-pricks).  Take  a  number  of  obscr\ations.  Irrigate  with 
ether  solution,  and  after  a  few  minutes  repeat  the  observations. 
jvill  be  found  that  the  ciliary  movement  is  greatly  slowed  or  ar- 
ed.  If  the  cilia  have  not  I>ecn  too  profoundly  injured,  they  may 
»ver  if  Ihey  are  thoroughly  washed  with  normal  saline  solution. 
b)  The  ether  may  also  I)e  administered  in  vapor  form,  by  support- 
the  oesophagus  on  a  small  stand  in  a  tumbler,  which  contains  a  little 
on  saturated  with  ether,  and  which  is  covered  by  a  glass  plate. 
(.  Qermination  of  Seeds  (Optional). — "  .■Xr range  two  8-oui>ce  wide 
ith  uoltlcs  with  stoppers  fiucd  with  glass  tulies.  letting  one  tube 
tnd  to  near  the  bottom  of  the  bottle.  Suspend  in  each,  hy  means 
»tton,  a  dozen  seeds  —  corn,  wheat>  clover,  beans,  etc. —  and  intn^ 

^atrriaU  Needed. —  2  frogs;  dissecting  tools;  pipette;  tttraWer;  glass 
e;  cork;  normal  saline  saturated  with  ether;  ether;  cotton. 
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duce  just  enough  water  to  mainiain  a  saturated  vapor.  Set  bolh 
bottIc5  in  a  window.  Throujfh  one  pass  eth^r  t\i^ttr_  ihftvugh  tbc 
other  air,  twice  a  day  for  a  week.  The  seeds  in  both  will  swell 
the  absorption  of  water,  but  only  the  bottle  with  pure  air  mtff 
will  Rrow.  Reverse  the  two.  The  sprouting  grain  will  have  it* 
checked  and  the  etherized  seeds  will  begin  to  grow." — (C.  W.  Grecnt) 


EXERCISE  45-— THE  EFFECTS  OF  DRUGS  ON   STRIPED 

MUSCLE. 

Study  in  connection  with  Chapters  VlII,  XV,  and  XVT 

Review  the  technic,  pages  796  t  >  799. 

Explanatory. —  Thi:  actions  f  f  drugs  on  stripcrl  muscle  are  iartfJ| 
utilized  in  therapeutic. ,  but  they  help  tc»  explain  the  effect*  nit  tlw 
cardiac  muscle,  which  arc  very  important.  They  are  also  of  consirf' 
erablc  scientific  interest.  The  cfTects  may  involve  the  form  of  tU 
contraction  curve,  its  height,  the  rapidity  of  corrtraction  or  of  rfUn- 
tion.  the  load  which  th:  muscle  can  lift,  the  lolal  work  which  it  ci» 
perform,  the  promptntrsr  of  fatigue,  the  minimal  effecthc  =titnu!ti*. 
the  latent  period,  the  rale  of  stimulation  retjuired  for  fjtigur,  ctr  As 
a  general  rule,  thcic  functions  ar?  all  afTccted  in  tht*  same  -icnsf 

The  majority  of  muscle  poisons  may  be  arranged  in  three  gro:!^. 
which  are  itiustratcd  typically  by  cafTein.  qninin.  and   veratrin 

Caff  fin  increases  the  activity  of  the  muscle,  in  small  dosc<:  Unr* 
dnses  produce  phenomena  analogous  to  fatigue.  Very  large  d«^ 
throw  the  muscl:  into  rigor.  The  metbyl-xanthins  tcaffcin.  the** 
hromin,   etc)    ar     the   only  typical    representatives  of  this  grnup. 

Quinin  depresses  the  muscle,  and  finally  paralyrcs  it.  without  pco* 
ducing  rigor.  Only  the  smallest  doses  arc  somewhat  stimulant.  AD 
protoplasmic  poisons  and  apomorphin  and  potassium,  calciiftn.  n*^ 
metallic  salts  produce  these  effects. 

I'cratrin  causes  the  muscle  to  remain  contracted  for  a  comidcriW* 
time,  the  curve  resembling  somewhat  that  of  tetanus.  It  can  he  ifr* 
tinguished  from  this  by  the  secondary  contraction  (•lec  Kxpenma* 
No.  I.  31');  it  is.  however,  an  active  contraction,  for  ihtr  mn'^Hf  c« 
sustain  a  weight.      The  effect   is  lessened  by  all  agcnl«  ■  '«* 

the  muscle.     A  careful   inspection  of  most  veratrin   Ira.-  -^ 

indications  of  two  contraction.s,  the  first  of  which  ( Kig.  71J.  pJ|f 
336)  is  short  and  fuses  into  the  second  (Fig.  "t  ^.  page  ll6>.  pen*^** 
contraclinn.  According  tn  Bottazri'^  TJieor>'.  all  mu^clr  cantaiw  >•* 
contractile  elements,  the  rapidly  contracting  fibrillary  >ubstaK>e  ■* 
the  slowly  contracting  sarcoplasmic  substance  T  *"•  '  ■-t^"-»  '•  f™** 
more    excitable,    and    predominates    so    greatly    in    i  -* 

that   it    is  alone  represented   in   the  ordinar>'   contr  * 

acted   on    by   caffein.     Veratrin    stimulates    the    sar^  "* 

so  that   it  also  participates    in   the  contraction,  aoi  '^ 

prolonged  contraction,  the  second  portion  of  the  curve  "Ibr  ^JfP^ 
plasniic  substance  predommatcs  in  smooth  muscle,  so  that  it»  cmW; 
tion    is  normally  of  the   veratrin   type;   but   it    is   further   cm 


Materials  Nci'drd  (for  r2  students"!. —  6  frogs:  pipette:  4  aio»t^ 
levers  and  10  Gm.  weights:  2  maxim aI -toad  springs:  4  indncttofi  ew* 
arranged  for  single  break  shock:  4  drums,  fast  and  slow  speeds;  d**"' 
ligatures:  dissecting  tools;  thermometer;  ice;  water  bAtb,  4  siollte*- 
tubes.  a75  NaCI  (400  c.c).  The  following  drugs  are  all  dilWM« 
in  this  saline  solution:  2$  c.c.  of  each  are  required:  Caffein,  i  •  i<ft 
1  :  J. 000,  I  :  10,000;  quinin  hydrochlorid,  I  :  100,  t  :  t/M(v  I  >ttiO*: 
KCl.  I  :  10,000;  I  c.c.  of  Vi«%  veratrin. 
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by  verairm.  Digitalis  and  similar  drugs  belong  to  the  same  group. 
When  these  drugs  acl  on  tiic  heart,  they  increase  its  tone.  1.  *'.,  they 
tend  to  increase  the  systole  at  the  expense  of  the  diastole.  In  the 
frog's  heart  they  may  even  cause  systolic  siandsiill. 

In  studying  tlic  effects  of  drugs  on  skeletal  muscle,  they  may  either 
be  injected  into  the  lymph-sac,  or  the  muscle  may  be  laid  into  a 
solution  of  llie  drug  in  normal  saline.  Special  conditions  determine 
which  of  these  methods  is  to  be  preferred.  When  the  muscle  is  laid 
in  the  solution,  the  drug  is  not  always  rapidly  absorbed.  It  may 
therefore  happen  that  one  muscle  will  l>e  scarcely  affected  by  a  strong 
solution,  whilst  a  weak  solution  may  produce  severe  effects  in  another 
preparation. —  All  the  mviscular  poisons  acl  equally  well  after  curare, 
showing  that  their  action  is  indeed  exerted  directly  on  the  muscle 
cells. 

(Copies  of  the  tracings  should  be  inserted  in  the  note-books.) 
Experiments.— These  may  be  distributed  as  follows: 
Set  A  =  n  J  and  I   i;  B  =  1I  i  and  1  2;  C  —  IV  a  and  I,  3  a.  e,  b; 
D=^\,  3  a.  c,  d,  and  IV  b. 

i.  Form  of  Curve. —  i,  drffein. —  (0)  Adjust  a  muscle  lever  with 
10  Gm.  weight  to  a  smoked  drum  (fastest  ^^pecd).  Arrange  an  induc- 
tion coil  for  single  break  shocks  (see  page  792).  Excis<-  a  gastro- 
cnemius muscle,  with  3  bit  of  femur  and  Tendo  Achilles  attached  (see 
page  797).  Connect  it  with  the  muscle  lever.  Pass  fine  wire  elec- 
trodes from  the  secondarj*  through  the  muscle.  Make  a  tracing  of  a 
single  muscular  twitch,  ib)  Lay  the  muscle  for  5  minutes  in 
I  :  10,000  Caffein  (without  disturbing  the  apparatus  if  possible). 
Make  another  tracing.  Repeat  on  the  same  muscle  with  r  :  1,000 
and  I  :  ICO  Caffein  ( l*"ig.  49.  page  t64).  The  more  dilute  solutions 
cause  a  higher  contraction,  with  little  change  in  the  form  of  the  curve. 
Stronger  solutions  produce  a  lengthening  of  the  relaxation^.,  The 
curve  then  becomes  lower,  the  contraction  is  slower,  and  with  the 
strongest  solution  the  muscle  does  not  contract  at  all.  With  fairly 
strong  solutions  the  relaxations  may  show  a  series  of  waves,  which 
are  not  yet  satisfactorily  explained. 

2.  QiiiniM.— (a)  .\s  in  1   (see  Fig.  74,  page  332). 

(&)  Use  I  :  xojooo,  and  i  :  1.000  and  \  :  100,  each  for  five  minutes. 
The  weakest  solutions  may  increase  the  height  of  contraction  somewhat ; 
but  even  fairly  weak  solutions  lower  the  contraction,  and  finally 
paralyze  the  muscle  completely  fCocain.  apomorphin,  potassium,  or  cal- 
cium, etc..  may  be  substituted  for  the  quinin,  but  they  are  less  typical; 
Fig.  65.  page  306). 

3.  Veratrin. —  (a)  Arrange  the  apparatus  as  in  f.  a  (a  fairly  slow 
drum  may  be  used).  Inject  into  the  lymph-sac  of  a  frog  y^  mg.  of 
veratrin  ('4  c  c-  of  ^/w%).  As  soon  as  the  symptoms  are  pronounced 
(so  that  the  animal  cannot  draw  up  the  leg-s  for  some  moments  after 
making  a  jump)  pith  the  frog,  and  make  the  muscle-nerve  prepara- 
tions. Connect  one  muscle  with  the  lever  and.  electrodes  (without 
removing  the  skin).  Make  a  tracing.  Observe  that  (he  heights  and 
Tapidit>-  of  contraction  arc  about  normal,  but  that  the  relaxation  is 
greatly  prolonged  (Fig.  71.  page  326). 

ib)  Effect  of  H»'at  and  CoiJ. —  Lay  the  mnscle  for  five  minuses  in 
normal  saline  at  about  y**  C.  Make  another  tracing.  Repeat  with 
saline  at  10*.  2(f,  30*,  and  35'  C.  (Fig.  68,  page  324).  Tlie  lower  tem- 
perature lessens  the  contracture;  30*  and  30  prolong  it:  35°  lessens 
it  (If  the  veratrin  action  is  only  slight,  the  contracture  may  appear 
increased  by  cold,  for  this  prolongs  the  relaxation  in  unpoisoned 
muscle. ) 

(c)  KCl  after  Veratrin. —  Remove  the  skin  from  a  good  veratrin 
mntcle.    Take   a   tracing.    Drop    Vio.,%    KCl    on    the    muscle,   with    a 
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pipetic,  and  t^kc  tracing  from  time  to  time;  the  rclueotion  ii  »bon- 
ened  (Fig.  70,  page  3-25)- 

id)  faligui'. —  Take  a  tracing  from  a  good  vcratrin  muscle.  Slop 
the  drum  and  send  a  Ictani^ing  current  through  the  muscle  for  4  short 
lime  (without  taking  a  tracing);  agam  make  a  tracing  with  a  wvle 
break  ithock :  The  contraction  will  be  found  greatly  shortened  lP>s 
&9,  page  3J5'- 

(i-)  Secondary  Contraction. —  Make  a  musck-nerve  preparahtm  (twb 
a  normal  frog.  Lay  the  nerve  of  this  on  a  good  vcratrin  prcparaiiuf. 
so  that  the  cut  surface  hcs  on  the  tendon,  and  the  long  surface  u(  tt*^ 
belly  of  the  vcratrin  muscle.  The  nerve  should  be  raiicd  bctwwn  thf 
two  point*  of  contact  by  a  match-slick.  Stimulate  the  nrrYc  ai 
tlie  veratrin  muscle  with  a  single  break  shock:  The  current  01  actuni 
will  stimulate  the  normal  muscle,  so  that  it  will  aUo  ctmtract.  but 
the  contraction  will  be  ;*hort,  whereas  the  contraction  of  the  vrnmn 
muscle  is  prolonged  This  shows  thai  the  vcratrin  contraction  u 
not  a  tetanus;  for  if  it  were,  the  normal  muscle  would  aUo  rcouin 
contracted.  Convince  yourself  of  this  by  stimulating  the  nerve  of  fhf 
verairin  muscle  with  the  tetanizing  atrrcnt:  The  normal  muKle  oo» 
remains  contracted. 

II.  Maximal  Load. —  t.  Cafftin. —  Make  two  muscle  preparationt 
Delcrminc  the  lifting  power,  as  described  on  |>age  Tgg,  fma  <«o  llif 
normal  muscle,  then  after  la^mg  the  one  muscle  in  saiinc.  the  olhcr  w 
I  :  10,000  cafTein,  for  five  minutes :  again  lay  the  one  muscle  m  aliw- 
the  other  in  i  :  1,000  caffein.  The  weaker  caffein  solution  should  in- 
crease the  lifting  power,  the  stronger  solution  shouM  dimmish  il  <»' 
compared    with  the  saiinc  muscle). 

2.  Quinin. —  Substitute  quinin  for  caffein  in  ibc  preceding  f«|e^ 
nicnt.     The  lifting  power  is  decreased. 

III.  Fatigue  (Optional),—  Make  two  muscle  preparation^  Lt 
one  in  normal  saline,  the  other  in  i  :  10.000  quinin  (for  5  or  to  mv 
utes).  Adjust  two  levers  on  a  slow  drum  and  connect  with  the  nniv 
cics,  using  to  Gm.  weights.  Arrange  the  induction  coil  for  idJflQK 
passing  the  same  current,  by  fine  wire?.,  through  liolh  "^^ 
off  the  drum,  close  the  current,  and  obtain  a  tetanus  tra  '^ 
muscles,  until  they  arc  fatigued.  The  quinin  muicle  ^i.-:'*;  -i-^ 
more  rapidly.  (Low  concentrations  of  caflFein  would  lessen  the  t»- 
ligue  ) 

IV.  Caffein  Rigor.— 1.  /«  Intact  Fr(><^— Inject  into  the  lymplH* 
of  a  fn»K  5  nig.  of  cafTein  ( !^  c.  c.  of  1%).  The  frog  soon  btt«* 
n'gid.  Note  the  positiim  which  the  frog  assume?.  Make  &  *lirtth. 
The  muscles  respond  hut  feebly,  if  at  all.  to  electric  stiinuUiion.  Thrif 
reaction  is  acid  lo  litmus.  (With  some  species  of  frogs  thw  lip»r  •• 
preceded  by  convulsions  of  the  strychnin  tyi>e.) 

2,  Muscle  Tracinf^. —  Arrange  a  muscle  on  a  lc\'er.  so  that  it  suj 
be  dipped  into  solution  without  removing  it  from  the  dium  The 
lever  should  write  ver>'  easily.  Start  the  drum  at  the  slowe*!  spf^ 
Raise  a  beaker  containing  1%  cafTein.  so  as  to  inuncr««  (be  imv^ 
This  will  be  seen  to  shorten. 

Explanatory. — This  is  an  instance  of  toxic  rigor,  due  presuiMN? 
to  coagulation  of  the  muscle  substance  It  will  Ivr  seen  in  tVp  o«i 
exercise  that  water  has  the  same  effect.     This  rigor  m.T  "*'*■ 

duced  in  mammals,  by  the  direct  inieclion  of  caflTcin,  c! 
It  will  be  recalled  that  convulsant  poisons,  «nch  as  itrychnm.  u^'^t  ''f 
onset  of  rigor,  but  this  rigor  mortis  is  probably  distit>ct  from  the  i"*' 
rigor   studied    in  this   experiment. 

V.  Action  of  Drugs  on  Fatigue,  in  Man  (0/«/ipiioO.— Tht*  fl* 
be  studied  by  the  spring  crgograph.  A  normal  tracing  t>  tak»  »* 
this  is  repeated  in  half-hour  intervals  after  taking  o^  Gb^  M  oB** 
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20  to  40  c.  c.  of  30%  alcohol.     Some  practice  is  required  before  re- 
liable results  can  be  oblaincd. 


EXERCISE  46.— SALT  AND  ION  ACTION  ON  MUSCLE  AND 
^L  NERVE, 

^"  Studv  in  connection  with  Chapter  XXIV. 

Explanatory. —  The  physical  efTectfi.  of  osmosis  were  studied  in 
Exercise  2j.  It  was  "thown  that  they  cause  alterations  of  the  water 
and  salt  content  of  the  cells.  This  results  in  irritation  and  eventually 
in  depression.  These  eflFects  can  be  observed  in  all  tissues  which  are 
exposed  tu  osmotic  change ;  but  they  can  be  studied  most  conveniently 
in  muscle  and  nerve. 

The  experiments  of  this  chapter  will  demonstrate  that  even  equios- 
motic  solutions  arc  nut  intiifferent  to  the  tissues.  This  is  partly  explained 
hy  differences  in  permeability,  equiniolccular  solutions  being  often 
aniftotonic.  But  the  entire  exclusion  of  the  osmotic  factor  still  leaves 
a  certain  residuum  of  action.  For  instance,  no  cell  can  live  for  any 
length  of  time  in  a  solution  of  a  single  salt,  no  matter  what  its  concen- 
tration. Salts  therefore  have  a  specific  toxicity,  referable  to  their  pe- 
culiar ions.  This  is  distinguished  as  ion-action.  This  toxicity  is  less- 
ened when  other  salts  arc  introduced:  very  small  proportions  arc  often 
sufficient  for  this  purpose.  Whenever  these  proportions  are  altered, 
the  functions  arc  also  changed ;  the  rntio  of  ions  to  each  other  being 
of  greater  importance  than  their  absolute  quantity.  The  cathions  ap- 
pear to  be  more  important  than  the  anions.  Vertebrate  tissues  require 
the  presence  of  Na.  K.  and  Ca.  An  excess  of  the  last  two  ions  be- 
comes promptly  depressant  and  toxic. 

Isotonic  solutions  of  non-electrolytes  are  much  less  toxic  than  elec- 
trolytes The  eflfects  of  the  latter  possess  many  features  in  common. 
They  have  been  shown  to  vary  directly  with  the  electrical  condition  of 
the  ion».  These  facts  suggest  that  the  ion-aclion  can  be  referred  in 
part  to  the  electric  charges  or  electrons  which  stimulate  or  depress 
m  the  same  manner  as  other  forms  of  electricity.  This  may  be  termed 
eUctnw-action. 

Physical  experiments  lead  to  the  conclusion  that  these  charges  may 
be  transferred  to  the  particles  in  colloid  solutions,  thereby  modifying 
the  fluidity.  This  would  also  hold  true  of  protoplasm,  which  may  be 
considered  a  typical  colloid  solution.  Osmosis  accomplishes  the  same 
result  by  clianging  the  water-content.  These  alterations  of  fluidity  are 
probably  the  basis  of  the  physiologic  eflFects,  both  in  osmotic  and  in  ioa 
action. 

Experiments  (Demonstration  or  assigned). —  t.  Effect  of  Water 
on  Muscle).— I.  Bxcitability. —  Use  the  arrangcmenl  of  Exercise  4^, 
No.  I,  and  make  two  muscle-nerve  preparations.  Immerse  the  nerve 
of  one  and  the  muscle  of  the  other  in  tap  water,  and  observe  the  loss 
of  excitability  from  time  to  time 

2.  Water  Rigor. —  Suspend  a  thin  strip  of  muscle  (the  sartorius)  of 
U?c  above  frug  so  that  half  of  it  dips  into  water:  this  will  be  seen  to 

Q|Comc  thicker  and  shorter. 

^^3.  Perfusion  with   Water  (Optional).— Divide  one  sciatic  plexus  of 

Materials  Needed  (for  entire  class). —  7  frogs;  four  watch  glasses; 
capsule  and  slide ;  induction  coil ;  rabhit  and  instruments  for  V: 
water  bath  with  solutions:  muscle-lever:  slow  drum.  to%  NaG  (2"; 
C.C.):  0.75%  NaCl  (25  c.  c);  Ringer's  Fluid  (2$  c.  c);  2%  NaO  fiS 
c.  c):  distilled  water;  solutions  for  experiment  III.  and  for  peristalsis 
Timeni. 
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a  frog  and  pcrfnse  llic  vessels  (sec  page  8oi )  with  distilled  water.  In 
a  short  lime  llie  muscles  will  show  fibrillary  twilchings  and  lh«<  wilt 
be  succeeded  l)>  general  convulsions.  Since  the  legs  participate  ilbe 
nerves  being  divided),  the  action  must  be  directly  on  the  niusclci 
These  will  be  been  to  swell     Eventually  they  become  paralyzed 

II.  Hypertonic  Solution  on  Nerve.—  Arrange  a  muscle-ncnff 
prqjciraiKni  on  a  lever,  wriimg  on  a  slow  drum.  Let  llic  nerve  dip  into 
10%  NaCI  solution.  The  muscle  will  execute  a  series  of  contracnons, 
til.  II  reniain   in  tctanu!>,  and  Bnally  gu  nito  paralysis. 

III.  Rhythmic  Contractions  (FunctioHs  of  Ions)  iOtttonoi)  — 
I.  (a)  Lay  a  frog's  muscle  in  roo  c.c.  of  "/• '  sodium  acetale  ((;% 
of  the  cr>'stal5>.  Rythmic  contractions  appear  after  ten  minates  tow 
hour.     When  these  are  seen  add: 

(tf)  3  c.c.  of  m  CaCU  (ii%).  The  contractions  disappear  at  onet 
Add: 

(i*)  9  c.c.  of  m  sodium  citrate  (71%  cr>-stals).  The  coniracliom 
reHppL'ar. 

Explanatory. —  The  predominance  of  one  kind  of  ions  (r  g..  sodium 
acetate  j  brings  out  the  latent  rhythmic  property  of  the  muscle  Auto- 
matic rhylhmic  contraction  is  therefore  not  confined  to  the  cardiK 
muscle. 

(/))  The  addition  nf  a  bivalent  cathion  (Ca)  restores  the  equilibnam 
of  the  ions,  and  the  condition  returns  to  narmal. 

(f )  The  addition  of  the  citrate  inactivates  the  Ca,  so  that  the  wi 
acetate  ions  again  predominate,  and  the  rhythmic  contractions  reappnr. 

2.  Repeat  i.  a.  (h)  Add  5  c.c.  of  m  BaClt  (21%):  The  contrac- 
tions l)ecomc  stronger.  (Not  all  bivalent  ions  can  take  the  place  «f 
Ca.) 

3.  Uiy  a  muscle  into  a  0.43%  solution  of  sodium  fluorid  (isotowf 
with  0.6%  NaCl).  Rhythmic  twitches  appear  at  once  (the  fluorid  pre- 
cipitating the  restraining  calcium)  ;  they  disappear  again  in  about  p 
minntcs    ( paralysis ). 

IV.  Vitality  of  Tissues  Influenced  by  Salt  Action  and  locu^ 
Excise  the  hearts  of  four  frogs  and  place  them  n\  watch  Kla*>«  ctw 
taining  (a)  tap  water;  </')  0.75%  NaCl  made  with  distilled  water:  (fl 
Ringer's  Fhiid ;  (rf)  2%  NaCl.  Note  the  time  which  they  continue  to 
beat  (d  will  stop  first,  then  0.  then  b.  then  r). 

Explanatory.—  (o)  and  (d)  will  stop  the  heart  by  salt  action  sinct 
their  osmotic  pressure  is  unsuitcd  to  the  tissues,  (h)  will  conln«»' 
longer  since  it  has  the  proper  osmotic  pressure  but  will  also  stop  be- 
cause it  has  only  one  set  of  ions,  (c)  contains  the  proper  rati^  "^ 
ions,  and  the  heart  will  finally  stop  mainly  from  the  want  of  BBtn- 
menl. 

V.  Effect  of  Salts  and  Ions  on  Peristalsis.— Set  up  a  large  wiirr 
bath.  reK^ilalcd  for  ,^8°  C,  and  containing  a  liter  beaker  of  Lofl"* 
Fluid  (this  will  he  called  the  "stock  solution"),  and  jars  or  beakf" 
with  50  to  100  c,  c.  of  the  following  solutions  of  the  salt*  drirrt  »* 
110°  C.  (which  have  alnjut  the  same  freezing  point  as  o.q  NaO  ^^^' 
tion.  to  eliminate  osmotic  phenomena):  0.0%  NaCl:  NajSO».  I9j: 
CaCl=,  o.iq%'  in  09%  NnCl:  RaCl.'  0.24^^  >n  0.9%  NaCl:  MgO* 
o.t9%  in  0.9%  NaG;  Urea.  \.g7c:  also  water,  and  2%  NaCl.  P»«*  * 
slow  stream  of  oxygen  through  the  stock  solution,  and  for  a  few  tW' 
ules  through  each  of  the  other  solutions  just  before  using. 

Administer  chloral  to  a  rabbit  fo.6  Gm.  X  Kg.,  stomach).  Open  *j* 
abdomen  by  a  free  incision.     Insert  a  cannula  into  the  central  end  oftw 

'  A  molecular  or  "  m  "  tolution  coAtain*  the  molecular  wei(ht  of  the 
«itprr&«C4]   in   ^rami,   ditiotvrd   in   a  liirr  of    wstcr. 

'Thi4  corrcftponda  to  ^/^  tlie  isolonic  quantity  of  the  aalt. 


t 

i 


^^^  EX.  46  AND  47:  SALT  ACTION REFLEXES.    889 

abdominal  aorta.  Bleed  the  animal  to  death,  deftbrinate  the  blood,  and  pour 
this  into  the  siock-bcaker  of  Locke's  Fluid.  Excise  the  whole  intestinal 
tract,  except  the  GTCum,  and  place  it  into  the  blood  mixture  m  the  water 
bath.  Note  that  it  continues  to  perform  peristaltic  movements  (for 
hours).  Pinch  a  place  with  forceps  and  notice  the  contraction.  Cut 
off  a  piece  about  10  c.  m.  long,  and  place  it  in  the  0.9%  NaCt  solution. 
Note  the  vermicular  movement  (which  becomes  weaker  ii  time,  but 
continues  over  45  minutes)  Most  other  sodium  salts  will  have  a 
similar  effect^  the  cathartic  sail?:  (cilratt',  suifhate.  etc.)  being  rather 
more  powerful.  Transfer  the  piece  of  intestine  to  the  calcium  solu- 
tion :  the  movement  stops  and  the  inleslme  relaxes ;  the  pcnslalsis 
reappears  when  replaced  in  the  NaCl.  Transfer  another  piece  (from 
the  stock-beaker)  mto  the  magnesium  solution.  The  movement  stops. 
On  replacing  the  calcium  and  magnesium  specimens  in  the  slock  solu- 
tion, the  movements  resume. 

These  experiments  illii.^trate  the  antagonism  of  .lodium  salts  on 
the  one  hand,  and  calcium  and  magnesium  on  the  other.  This  stimu- 
lant effect  of  the  sodium  salts  is  doubtless  concerned  in  their  cathartic 
action.  But  the  experiment  with  magnesium  shows  that  it  is  not  the 
onlv  factor ;  for  magnesium  salts,  administered  by  the  mouth,  arc 
active  cathartics. 

The  effects  of  barium  a*e  peculiar:  Place  a  piece  of  intestine  into 
the  barium  solution  :  after  a  few  vermicular  movements,  it  undergoes 
a  firm  tetanic  contracture.  Peristalsis  reappears  when  the  intestine  is 
replaced  in  the  Locke's  Fluid. 

Place  other  pieces  of  intestine  into  the  urea  solution,  the  water,  and 
the  2%  NaO.  They  make  vermicular  movements  or  undergo  tetanic 
contraction  and  then  relax.  Peristalsis  is  resumed  in  Locke's  Fluid. 
rse  effects  arc  due  to  osmosis. 
;Tracing6  may  be  taken  from  the  pieces  nf  intestine  by  attaching 
to  mviscle-levers,  leaving  the  tissue  submersed  in  the  fluid.  The 
action  of  other  drugs  may  be  studied  in  the  same  manner  (Magnus, 
1905)- 

EXERaSE  47— THE  LOCALIZATION  OF  ACTIONS  ON  THE 

■  REFLEXES   IN   FROGS  — (RFXAPITULATION )- 

REACTION  TIME. 

This  i-;  me.i«nred  as  described  on  paRc  795   (see  Fig,  44,  page  I3l). 

I.  The  Reaction  Time  is  Shortened.—  This  may  be  due  to — 

(A>  Increased  reflex  excitability  of  the  cord — occurs  after  sec- 
t'uyti  ni  medulla. 

(Str>'chniii.  Caffein.  etc.") 

(B)  Lessening  of  higher  inhibition  —  does  not  occur  after  section 
cf  the  modnlla. 

II.  The  reaction  time  is  slowed  or  all  reaction  is  abolished  — 
<A)  No  matter  where  the  stimulus  is  applied: 

1.  Depression  of  the  ReHes  Actix-ity  of  the  Cord. —  Stimulation  of 
sciatic  causes  contraction. 

(Carbolic  Acid,  Camphor  in   frog,  and  most  depressant  poisons.) 

2.  Curare  Action. —  Stimulation  of  the  ncr\c  is  less  effective  than 
stimulation  of  the  muscle. 

(Curarc-Nicijtin  series') 

3.  Paralysis  of  Muscle. —  Direct  stimulation  of  the  muscle  is  inef- 
fective    The  muscle  may  l»c : 

^■iff)  Paralysed:  it  is  soft  and  usually  has  an  alkaline  reaction. 
^HCopprr  —  very  strong  do«es  of  most  drugs.) 
^»fM  fn  Rigor'  it  is  hard  and  has  an  acid  reaction. 
(Caffein) 
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(B)  The  reflexes  are  diminished  only  from  those  part*  which  lurt 
been  touched  hy  the  drug.  There  is  a  paralysis  oi  the  afferent  ncrvft 
This  may  be  tn : 

1.  The  ncri't  fibt'rs:  Obtained  best  on  subcuuncous  injecuoo  aad 
lasts  long. 

(Sapoioxin.) 

2,  The  twnr  endings:  Equally  well  on  painting  on  the  »urucc. 
short. 

(Cocain. »  ^^ 

III.     The  frog  keeps  the  part  to  which  the  poison  has  been  ippnM 
in  constant  movement:  local  scnsor>'  irritation,  pain. 
(Acids.) 

FROG'S  MUSCLE-NERVE  CHAIN. 

The  intact  animal  shows : 

1.  Motor  Paralysis. —  This  may  be: 

(A)  Central.-- Stimulation  of  the  nerve  is  still  effective.  The  K* 
may  be  in ; 

J.  The  Brain:  The  reflexes  are  still  active.  Tlic  phenomena  f^ 
dnced  by  paralysis  at  different  levels  are  given  under  Morphm.  E*^' 
cise  41,  No.   1. 

(Early  stafics  of  all   narcotics.) 

2.  The  Cord:     No  reflexes. 
rCaniphor,  Quinin,  Carljolic,  Cocain.  etc.)  „ 

(B)  Peripheral. —  Stimulation  of  the  nervc-trxmk  ha«  tio  fffrtf 
The  pnralyMS  may  be  in  the  endings  or  muscle,  see  page  — ,  II,  A 

II.   Motor  Stimulation. —  This  may  be: 

(A)  Central.—  Ab'^lishcd  by  successive  destniction  of  the  ett*'* 
nervous  system.  The  exact  location  may  in  thi<  way  be  notrf  " 
should  be  recorded  whether  the  convulsions  arc  idiopftlhic  or  retl« 

(  Medulla^  Picroloxin;  Cord  =  Strychnin,  Caffein;  Brain  =  AtTnCfS- 
G»cain.) 

(B)  Peripheral.— Not  abolished  by  section  of  the  nerve;  ""^Iv 
consists  in  twitching  or  increased  force  or  lengthened  time  of  cfl<iin<* 
tioD.     It  may  he  in : 

1.  The  findings:     Abolished  by  Curare. 
(Nicolin,    Aconitin,  etc.) 

2.  The  Muscle  Fibers:     Not  so  abolished. 
(Physostigmin,  Veratrin,  Caffein.) 


EXERCISE  48  — ACTION  OF  DRUGS  ON  THE  HEVRT- 
(INTRODUCTORY). 

Study  in  connection  with   Oiaptcrs  XI,  XH.  XV.  and  XXH 
I.  The    Heart    Muscle.— Tlic    cardiac    muscle    differs    from  nlj^' 
muscle  by  the  fact  that  it  conlracf.  rhythmically  by  an       '       '  ""'^ 
criy.  1'   e..  even  in  the  absmcc  of  nervous  impulses '      I  .1 

sometimes  called  the  "automatic  motor  mechanism"  oi    ;. '* 

the  heart  is  weakened,   it  may  b»r  lost  so  thai  the  hear!  may  ^^^^^ 
tn   stimulation  by   a  single  coiUraction,  just  like   oniinarv    niti*-cV 
the  other  hand,   the    rhythmic   property  may   be   impart  '7 

muscle,   for    instance,   by    immersing   it   in   certain    solnri  '^ 

Tne   rhythmic    property    therefore   docs    not    constitute   a   iwnaia^^ 
distinction  between  cardiac  muscle  and  the  other  varieties  of  mo** 

^  In    the    heart   of    I.imulua    <Kinv   craht    and   pc^^r*   *n   mmhc  ofkn 
iTrair*,   the   rhythmic   Jn|iulK«  are  gcncraieil   fnd  condiKfed  hy  ocrrcs.    I 
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although  under  normal  conditions  it  is  a  very  important  difference. 
The  other  properties  of  cardiac  muscle  are  still  more  closely  related 
to  those  of  other  muscle:  it«(  excitability,  strength  of  contraction,  tonu:<, 
etc.,  may  be  similarly  affected  by  fatigue  or  by  drugs;  in  these  re- 
spects the  myocardium  stands  intermediate  between  the  skeletal  and 
the  smooth  muscle.  Normally  the  rhythmic  contractions  arise  in  the 
base  of  the  heart  —  in  the  auricles,  or  in  the  frog  in  the  sinus  vcnosus ; 
and  spread  gradually  to  the  apex.  Consequently  the  coHtractions  arc 
rfgular,  progressing  in  a  dehnilc  order,  and  all  parts  of  the  heart  beat 
ai  the  same  rate,  and  the  two  sides  of  the  heart  contract  at  the  same 
time.  The  explanation  of  these  facts  is,  that  the  muscle  fibers  at  the 
base  of  the  heart  are  more  excitable,  so  that  they  respond  first  to 
the  (inherent)  rhythmic  stimulus ;  the  successive  areas  of  the  ven- 
tricles contract  then  as  the  result  of  the  stimulus  started  by  the  con- 
traction of  the  auricles.  If  the  excitability  of  the  ventricle  is  increased, 
as  the  result  of  the  action  of  drugs  (such  as  digitalis,  caffein,  or 
aconite),  the  coniraclion  may  start  in  any  part  of  the  heart.  The 
normal  rhythm  is  thereby  destroyed,  the  contractions  cease  to  progress 
regularly,  and  the  rate  of  each  chamlxr  of  the  heart  may  differ  from 
the  others.  If  the  contractions  arriving  from  the  ventricles  coincide 
with  those  transmitted  from  the  auricle,  the  contractions  are  strong;  if 
they  interfere,  the  contractions  may  be  weak  or  absent.  In  this  way 
groups  of  strong  contractions  may  alternate  with  pcriodsJ  of  weak 
contractions.  A  decrease  of  exeitability  finds  its  first  expression  in 
the  more  sluggish  ventricles.  As  a  consequence,  a  summation  of  two 
or  mnre  auricular  contractions  may  be  necessary  to  induce  a  contrac- 
tion of  the  ventricle,  and  the  rate  of  the  latter  may  be  a  fraction  of 
the  auricular  rate.  This  is  seen  with  cardiac  depressants,  especially  in 
the  frog's  heart. 

Another  form  of  irregularity,  observed  particularly  in  frogs  as  the 
result  of  digitalis  or  aconite,  consists  in  peristaltic  contractions,  in 
which  the  slowly  traveling  contraction  wave  is  sharply  marked  off. 
This  may  be  due  to  a  quicker  contraction,  with  delayed  relaxation. 

If  the  cardiac  muscle  of  mammals  is  over-stimulated,  the  contractions 
become  very  irregular.  The  individual  groups  of  muscle  fibers  con- 
tract independently  (hence  "fibrillary  contractions,"),  whilst  the  heart 
as  3  whole  does  not  perform  any  efficient  contractions.  Thi^  con- 
dition, also  called  "delirium  cordis."  appears  to  be  an  overquickentng ; 
it  takes  the  place  of  the  tetanus  of  the  striped  muscle,  the  mammalian 
heart  being  ordinarily  unable  to  enter  into  tetanus  on  account  of  its 
rhythmic  property.*  The  ventricles  enter  into  delirium  more  readily 
than  the  auricles  because  the  latter  arc  capable  of  a  more  rapid  rhyth- 
mic l»cat,  so  that  over-stimulation  is  not  reached  so  easily.  The  frog's 
heart  also  does  not  readily  go  into  delirium,  because  it  is  too  sluggish 
for  over-stimulation;  but  when  its  excitability  is  raised  —  as  by  heat  — 
delirium  can  be  prcnluced. 

Since  the  delirious  heart  docs  not  keep  up  an  efficient  circulation, 
the  mammalian  heart  (which  is  nourished  by  the  coronary  circula- 
tion) is  starved  and  succumbs  rapidly  to  fatigue:  Delirium  ordinarily 
produces  paralysis  of  the  heart,  imlcss  the  coronary  circulation  is  sus- 
lamed  artificially.  The  rabbit's  heart  may  recover  spontaneously:  the 
dog's  heart  does  not. 

The  state  of  the  coronary  circulation  is  very  important  for  the 
mammalian  heart,  as  iis  great  activity  demands  a  liberal  nutrition. 
The  effect  is  mainly  upon  the  .strength  of  the  contractions,  the  rate 
being  but   little  altered.    Consequently   all   agencies  which  depress  the 

*  Tetanus  of  ihc  mammalian  heart  can  he  producrd  only  by  the  simultaneous 
StimuUiioo    of    the    va:gu«    and    cardiac    muscle. 
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heart  directly,  also  depress  il  indirectly  by  lessening  its  food  supplj: 
and  vice  versa.  An  increased  tonus  of  the  heart  by  lessening  ihe  ex- 
cursions also  starves  the  heart,  so  lliat  a  slrouK  stimulation  o(  the  ar* 
diac  muscle  may  rapidly  paralyze  it,  by  interfering  with  the  corotttTy 
circulation ;  and  systolic  standstill  is  consequently  impossible  in  ibf 
intact  mammalian  heart,  since  the  starved  muscle  cannot  ^nsiain  the 
systole.*  A  strong  contraction  of  the  myocardium  aJso  causes  a  mr- 
chanical  compression  of  the  coronary  vessels,  thereby  lessentiig  the 
bloodflow  through  them.  On  the  other  hand,  extreme  dilation  yf 
the  heart  also  lessens  the  coronary  circulation;  so  that  an  uvrrdit- 
tended  heart  may  often  be  improved  by  withdrawing  sonw  U\^A 
Since  the  coronary  vessels  possess  vasoconstrictor  and  Ya«o«lilitor 
nerves,  they  may  be  affected  by  drugs  acting  centrally  or  peripheralh 
on  the  vasomotor  niedianism.'  The  coronary  circulation  may  .ils«i  b< 
modified  indirectly  through  changes  in  the  general  arterial  prf««rf 
Vasoconstrictors  will  therefore  stimulate  the  heart,*  and  vaii^dtlainr) 
will  depress  it.  In  the  excised  heart  these  agents  may  have  the  vv^ 
site  efiFccts,  since  they  act  then  on  the  coronary  arteries  alone;  hut  ifl 
the  intact  animal  the  effects  on  the  circulation  at  large  will  overconw 
the  effect  on  the  muscle  of  the  coronary  arteries. 

Changes  in  bUwd  pressure  have  also  a  mechanical  effect  on  tl- 
The   cardiac    muscle,    like    other    mysclcs,    contracts    l»ctter    .ik' 
certain  resistance  than  against  no   rciistance.     This   resistance  i*-  f^" 
nished   by  the   aortic   pressure.     The  normal   blood   pressure  »ecni»  » 

furnish  the  optimum  resistance  to  the  normal  heart,  so  'I "'^ 

l>e  a  mistake  to  consider  that  a  fall   of  pressure,  hy  lessn  "^ 

would  increase  the  force  of  a  nomuil  heart     With  a  tt.'j-.  .._ 
however,  the  optimum   resistance   falls,  so  that  a   diminished  pre*t«ff 
is  really  beneficial  to  an  exhausted  heart. 

The  ofHpHtude  of  the  contractions  is  controlled,  not  only  by  the  i^vtr 
of    the   heart,   but   also   by   its   tonus,   by   its    rate,    and   by' the  M**^ 
pressure.     A  tonus  which  is  greatly  increased  or  diminished  n* 
vent  the  muscle  from    relaxing  or   from  contracting  to   ihe   11- 
tent.     An  increased  rate  does  not  allow  lime  for  complei- 
and  relaxation,  and  so  renders  the  beats  more  shallow.   ■  '' 

rate  tends  to  increase  the  excursions.  A  high  Mood  p.,  -  ,;.-  r  ' 
vents  the  complete  emptying  of  the  heart,  and  thereby  render*  iw 
beats  more  shallow  and  slows  the  rate.  (In  intact  animals  this  slowmf 
is  very  marked,  being  due  to  a  reflex  stimulation  of  the  vafUf  mrcttin^ 
ism.) 

The  folumr  of  blood  thrown  out  at  each  beat  varies  with  the  impl*- 
tude  of  Ihe  excursions.  Tlie  output  in  a  giien  time  is  the  pr«wiivl  "^ 
the  rate,  and  the  volume  of  each  beat.  The  ivork  done  hy  Ihe  hf4ft 
is  the  product  of  the  output,  and  the  resistance  Oilood  prcsio"' 
against  which  it  acts. 

Effect  of  the  Rate  of  Ihc  Heart  on  the  Owrymf— The  mitp'sr 
heart  is  greatly  diminished  h^  slowing  its  ordinary  rate;  the  \rv, 
volume  of  each   beat   being  msufficient   to  cnunierKiIance  the  l****^ 
number  of  contractions.     A  quickening  of  the  heart,  on  the  other  li*'*''- 

*  The  mannuilian  heart  in,  however,  capsMe  of  tjrtttnlic  «t«nil»tJlL  i'  'T 
coronary  circulation  ii  maintained  liy  artificial  mrana,  as  in  Lonffcadixf*  v****" 
(•ee  exercise  78). 

'  In  workinr  with  arti6ciallr  prepared  heart,   it  is  tmT*offjmt  !o  r«w 
the  coronary  veiiaels  are  aI«o  aneciea   by  tUf   ttrnpniO"-  *^t*»J: 

lated  by  heat  and  conslri<:te-^J  ))y  cold.  The  tcmt>eratur< 
on  thr  cardiac  muictr  ibtrlf.  hcai  ttuickcninK  the  rslr. 
traction*, 

'  Rhythmical  beats  may  be  produced  in  the  r«vi«cd  maintnilUn  h«*r1  W  ■" 
raiftinK  the  intracoronary  pressure  by  indifferent  ga***  (hydrofftt.  MtlW*  '* 
or  oil   (SoIImann,    1906). 
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ws    but    little    increase    in    the   output,   since   the    lessening   of   the 
Itimc  of  each   beat  nearly  ofF^^ets   the  increased   rale.     This,  as  well 
9»  the  effect  of  the  va-^cnlar  system,  etc,  inay  he  demonstrated  on  an 
artifu-ial  circulation  apparatus   (consult  Exercise  53). 

II.  The  Innervation  of  the  Heart.— Although  the  cardiac  muscle 
is  able  10  perform  regular  rhythmic  contractions  in  the  absence  of 
nerves,  it  is  normally  under  nervous  control.  Besides  the  sensory 
(depressor)  uctvk  these  are  two  motor  nerves,  the  vagus,  and  the 
accelerator  branch  of  the  sympathetic.  The  origin  (center)  of  both 
of  these  nerves  is  in  the  medulla.  Both  nerves  run  in  the  same  sheath 
in  the  frog  (Fig.  99,  page  Boo),  but  are  seiiarated  in  mammals.  Both 
nerves  arc  connected  with  ganglia.  Those  of  the  vagus  are  contained 
in  the  heart  itself  (in  the  frog  these  vagus  ganglia  arc  situated  espe- 
cially at  the  juncture  of  the  sinus  venosus  with  the  auricle).  Those 
of  the  accelerator  arc  extra-cardiac,  and  in  mammals  lie  probably  in 
the  inferior  cervial  and  in  the  stellate  ganglia,  around  the  subclavian 
artery.  The  endings  in  the  cardiac  muscle  are  "  free  endings,"  similar 
to  those  of  unstriped  muscle.  The  heart  contains  no  structures  cor- 
responding to  the  end  plates  of  striped  muscle. 

The  effect  of  electric  stimulation  of  these  ner\'cs  appears  only  after 
a  slight  latent  period,  and  disappears  after  a  time,  even  if  the  stimula- 
ijon  i*  continued.     The  latent  period  and  the  action  are  longer  for  the 

^^BtodffiUr  vagus  stimulation  causes  a  slowing  of  the  rate,  the  diastole 

TSfng  eApecially  prolonged.  The  irritability  and  the  contractile  power 
are  increased  in  mammals;  the  amplitude  of  the  exctirsions  is  larger: 

^he  tonus   is  diminished;   the  blood   pressure  and  output  fall.    Strong 

^BbtuAi/mn  cau<ies  diastolic  .-standstill. 

^fAccfUrator  stimulation  (the  anterior  ramus  of  the  annulus  of 
Vieusscns)  quickens  the  rate,  shortening  all  the  phases  except  the 
auricular  systole  and  the  ventricular  diastole.  The  excitability,  tonus, 
and  strength  of  the  heart  are  increased,  but  the  beats  are  more  shallow 
ill    mammals    (in    the    frog   the   excursions   arc   also    increased).    The 

Kod  p^e^^ure  and  the  output  rise  somewhat,  but  not  commensurate 
h  the  increased  rate. 
VfifV  fmf>ulsrs. —  The  vagi  are  tonically  active  in  some  animals 
(notably  in  man  and  in  dogs),  so  that  division  of  these  nerves  causes 
a  quickening  of  the  heart.  In  other  animals  (rabbits)  there  is  nor- 
mally no  tonic  action,  so  that  division  produces  little  effect  on  the 
heart  rate.  The  accelerators  are  also  tonically  active,  hut  division  of 
these  nerves  produces  less  effect  than  section  of  the  vagi.  Ilie  ganglia 
and  endings  aNo  have  sonic  tnnic  action,  for  a  further  quickening  may 

» obtained,  after  section  of  the  vagi,  by  paralyzing  the  vagal  endings, 
rhe    vagi    or   accelerators    may   be   stmuilated   or    depressed    directly, 
their  origin,  or    in  any  part  of  their  course,  by  drugs  or  by  other 
means.     They    can    also    he    affected    indirectly,   especially    the    vagus. 
^^  fall  in  blood  pressure,  most  forms  of  reflex  irritation,  muscular  ex- 
■Kcise.    swallowing,    etc..    quicken    the    heart    by    inhibiting    the    vagus 
Winter       Stimulation    nf  the    trigeminal    endings,    on    the   other    hand, 
excites  the  vagus  center  and   slows,  or  even  stops,  the  heart.     A  rise 
of  bliK^d  pressure  also  stimulates  the  vagus  and  causes  slowing. 

III.  Methods  of  Studying  the  Actions  of  the  Heart.— It  follows 
from  the  preceding  thai  the  action  nf  (he  heart  depends  on  a  consid- 
erable number  of  interrelated  factors.  These,  acting  together,  produce 
the  phenomena  which  may  be  studied  on  normal  animals  by  the  pulse 
and  apex-beat ;  and  on  operated  animals  by  direct  observation  and 
tracings  of  the  exposed  heart.    The  intracardiac  and  the  general  blood 

rcssnre  and  the  output  of  the  heart,  etc.,  arc  also  determined  in  large 
by  the  cardiac  activity;  but  since  they  also  depend  on  the  state  of 
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the  vasomotor  system,  they  must  be  supplemented  by  more  direct 
methods.  Indeed,  all  the  ob^rvations  on  intact  aniniala  give  only  the 
sum  uf  the  factors  which  may  be  involved,  it  is  evident  that  tw 
understanding  of  the  action  of  a  drug  is  possible  untd  the  ihare  of 
each  factor  is  known.  This  must  be  determined  by  isolating  it  u 
completely  as  possible  from  the  other  factors. 

^nitabtUty  of  Different  .HiiiinaU. —  The  hearts  of  frogs  and  turtle! 
arc  convenient  for  studying  the  effects  nf  drugs,  since  ihcy  continue 
beating  normally  for  a  considerable  time  after  they  are  cxp*>sed  ot 
excised.  Many  phenomena  can  be  observed  very  well  by  direct  in- 
spection, others  may  be  recorded  by  levers,  etc.  The  If'ilhams  Ap' 
paratus  (Fig.  12:^)  has  been  used  a  great  deal  in  pharmacologic  work 
on  the  frofi's  heart,  as  it  permits  the  s'.udy  of  a  number  of  pheni»meiia 
under  a  variety  of  conditions.  An  artificial  circulation  is  maintained 
through    the   ventricle,    by   means   of  solutions,    to    which    the    poisons 

may    be    added.    The    ap|>aratiu 
consists    of    a    reservoir    and   a 
system   of    tubes    provided    with 
slit   valves    tK  and    T")    and  1 
two-way   cannula.      These  allow 
the  perfuming  liquid    to  get   uiti 
the  heart   {H)  and  to  be  pitrnpcd 
in      a      de6nite     direction.    Tlif 
cannub     is     inlrcHhiced     ihrough 
the   bulbns   aortac   into  the   ven- 
tricle  and    lied.     (The   apex  of 
the      ventricle      may      l>e      Uicd 
alone.)     Each  contraction  of  the 
ventricle       forces       the       bloml 
through     I"     into     the     upright 
tul>c.    and    from    here    into    the 
reservoir.     The      relaxation     «f 
the    heart    allows    the    liquid  » 
enter    from    /'.    The    auriculo- 
vfnlricular     valves    prevent    the 
blond     from    conimg    back    into 
the     auricle     TTie     number    "i 
drops   flowing  into  the  reservoir 
can  be  counted,  and  give  an  k)« 
nf  the  work  done     By  raisinyor 
lowering   the   reservoir   the   intracardiac   pressure   can   be  varieti.'  !>/ 
applying  the  screw-clamp  beyond   I"  one  may  introduce  rcsrsrancc:  hy 
clamping  this   tube  altogether  and  opening  communication  to  a  'imaW 
mercury   nianumeter   the   absolute  pressure  can   he  measured  and  trac- 
ings taken.     The  changes  in  volume,  corresponding  to  the  rxicni  oi  die 
excursions,   may   he   rrad    from   the   millimeter   scale,  V.T.   (William*, 
Jacobj,  Wood  an.l  Hoyt), 

The  cardiac  nerves  of  frogs  are  also  situated  conveniently.  It  ffl"J* 
not  be  forgotten,  however,  that  the  physiology  of  ihe  heart  of  dut- 
blooded  animals  differs  considerably  from  that  of  the  ti-arm-bl^'"^^^ 
and  caution  must  be  used  in  applying  the  results  obtained  with  i"* 
one  to  the  other.  The  main  uses  nf  the  frog's  heart  are  llicrft^J^ 
restricted  to  preliminnry  studies,  to  the  investigation  of  special  p'^"" 
Jems,  and  to  the  convenient  demonstration  of  actions  >K|ilch  have  bee^ 
"llrcady  controlled  on   warm-blooded   animals,     .^mon^^^^  \\\c  latt^'* 

'The   valve    f   should    point    in    ttie    reverw   direction.      Treih  frOf"*  ***^" 

COnvcnifTTt    fAf   these  vnlve«. 

'ire  nf   joo  mm.    of   water   is   the  iiplimuni. 


I 

I 
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Fig.    128. —  Wniiami*  heart   apparatut.* 
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ictions  o{  the  myocardium  are  identical,  a&  far  as  we  know.  The 
absence  of  tonic  vagu^  impulses  in  rabbits  must  be  borne  m  mind. 

Druas  may  act  on  th^  fu^art  in  three  ifays:  (i)  Directly  on  the 
cardiac  muscle;  (2)  directly  on  the  cardiac  nerves;  and  tj)  indirectly, 
on  cither  the  muscles  nr  ner\es  —  thmugh  reflexes,  altered  resistance, 
altered  nutrition,  filtered  coronary  circulation,  etc 

Methods  of  Studying  the  Direct  Effects  on  the  Cardiac  Muscle. — 
These  demand  thai  the  resistance  to  the  work  of  the  heart  be  kept 
constant  —  an  object  which  can  only  be  accomplished  by  separating 
ihe  heart  from  the  general  vascular  system.  The  pulmonary  circu- 
lation may  generally  be  kept  mtact,  as  it  is  not  much  affected  by 
drugs.  The  methods  of  isolating  the  heart  may.  however,  be  con- 
veniently divided  into  those  which  retain  the  pulmonary  circulation, 
and  those  which  do  not.  The  nervous  mechanism  should  also  be  ex- 
cluded. If  it  is  desired  to  retain  the  intracardiac  nervous  apparatus, 
it  suffices  to  cut  ihe  trunks  of  the  vagi  and  accelerators,  or  to  shut 
off  the  blood  from  the  medulla.  The  intracardiac  vagus  mechanism 
can  also  be  paralyzed  by  atropin.  This  leaves  only  the  accelerator 
endings    (see  page  893). 

The  frog's  heart  will  continue  to  beat  for  some  lime  after  it  has  been 
excised  from  the  body;  but  the  mammalian  heart  requires  that  the 
coronary  circulation  be  maintained  This  may  be  done  by  the  heart 
itself,  or  by  injecting  the  pcrfn^iion  fluid  under  pressure. 

IV.  The  Isolated  Mammalian  Heart. —  Tlie  methods  which  have 
been  employed  for  the  .-ludy  of  the  isolated  nunnnahan  heart  arc 
briefly  as  fnllowt: 

I.  Methods  employing  the  whole  heart  and  pulmonary  circula- 
tion (excluding  the  peripheral  vessels  and,  to  a  large  extent,  the  brain) 
(Fig.  124).  These  methods  differ  by  the  manner  in  which  the  action  of 
the  heart  is  obser\'cd  or  recorded,  which  may  be  done  by  direct  ob- 
servation, by  taking  pressure  cun-es  from  the  carotid  or  from  the 
ventricles,  or  by  the  myocardiogram.  The  methods  consist  essentially 
in  establishing  a  connection  between  the  large  arteries  and  large 
veins,  and  then  lighting  the  vessels  peripherally  to  this  connection. 
The  vessels  which  are  employed  for  this  purpose  and  the  apparatus 
used  for  establishing  the  connections  vary  in  the  different  methods: 

(a)  Communication  established  between  the  aorta  and  right  au- 
rieU: 

1.  Mari\n's  Original  Method. —  In  this,  a  communication  is  estab- 
lished through  a  reservoir  containing  dcfibrinatcd  blood  and  connected 
with  the  right  auncte.  while  the  left  ventricle  pumps  the  blood  through 
a  tube  back  into  the  re5er^■oi^.  The  course  of  ihi'i  blood  then  is; 
right  auricle,  pulmonary  circulation,  left  heart,  standing  tube,  and 
reservoir  The  oxygenation  of  the  blood  is  effected  by  artificial 
respiration, 

2.  The  modifii'd  mrthod  of  }fartitt  and  Af*f*legarth  establishes  a  com- 
munication through  the  coronary  vessels,  the  maintenance  of  pressure 
being  aided  by  connection  of  the  aorta  with  a  reservoir  containing 
defihrinated  blood.  The  course  of  the  blood  is:  aorta,  coronary  circu- 
lation, right  heart.  Jungs,  left  heart,  and  aorta.  Oxygenation  is  by 
artificial  respiration. 

%.  The  McGrath  and  Kennedy  method  is  an  amplification  of  the  last, 
in  that  it  measures  the  intracardiac  pressure  and  the  outflow  through 
the  pulmonary  arterjv 

4,  Hedon  and  Arrous'  method  differs  from  the  preceding  method* 
by  leaving  out  the  rcscn-oir,  simply  tjHng  the  aorta  and  its  branches 
and  the  vena  c^va.  The  course  of  the  blood  is:  aorta,  coronary  circu- 
lation, right  heart,  pulmonary  circulation,  left  heart,  and  aorta.  Oxy- 
genation is  by  artificial  respiration. 
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Tlie  heart  survives  some  hours.  It  becomes  proffres-sively  ilowrr 
by  the  using  up  of  material  and  the  production  of  waste  product),  bot 
it  remains  regular. 

5.  Cyon  connects  the  aorta  with  the  vena  cava.    In  addition,  he  B 


Martin  and  Applegarth. 
Tii/iifovrtfrA  connects  the  pul- 
iltonary  artery  and  vein  hy  a 
tube 


Uart>D*>  original  method.  Bock. 

Fig.  1 14  —  Hethodf  of  Modyinf  the  iaoliMd 

very  careful  to  Hgaie  all  the  rrsseh  trading  to  the  brain,  «o  ttoj^ 

can  expose  this  organ  to  poisons  without  their  mdung  Ae  $B0^ 

circulation.  ^ 

(6)  ComtHtmuation  Through  the  Ccroti4  and  /«fMlcr.— TW  V^ 
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ods  difTer  mainly  in  the  mechanism  introduced  as  resistance,  this  being 
citJjer  constant  or  variable : 

1.  Stolnikoiv  makes  the  connection  through  two  glass  vessels  of 
known  content,  which  are  reversible,  and  one  of  which  is  alternately 
filled  by  blood  expelled  from  the  heart,  while  the  other  empties  into 
the  vena  cava.  In  this  way  the  volume  of  blcxi  expelled  by  the  heart 
in  a  given  time  can  be  measured.  The  other  vessels  are,  of  course* 
ligated.     Oxygenation  is  by  artificial  respiration. 

2.  Bohr  and  Henruiucz  establish  the  connection  by  a  simple  tube, 
Hering  does  not  ligate  the  veins,  using  them  as  a  pressure  regulator 
Bock  forms  the  connection  through  a  compressible  tube  and  screw 
cock,  so  that  a  varying  resistance  may  be  introduced. 

In  all  these  methods  the  registration  is  done  by  a  manometer  in  the 
other  carotid,  the  aorta  and  vena  cava  being  ligated  and  artificial  res- 
piration being   kept   up. 

III.  Completely  isolated  htaiTt%\  i.  e,,  without  the  pulmonary  cir- 
culation, but  with  the  g;ingli,i  still  active.  In  these  methods  the  blood 
must  be  ariificially  oxygenated,  and  is  usually  introduced  under  pres- 
sure.    Olherwi.se  the  methods  arc  similar  to  the  preceding. 

1.  Tschitottritch  uses  practically  Martin's  original  method,  connecting 
the  pulmonary  artery  with  the  ptilmonary  vein  by  a  tube,  the  course 
of  the  blood  Iwing:  reservoir,  jugular  vein,  right  heart,  connecting  piece, 
left  hearts  aorta,  and  reser\'oir. 

2.  LangendorW  uses  only  the  coronary  circulation,  introducing  the 
blood  into  the  aorta  under  pressure,  from  which  it  goes  through  the 
coronary  circulation  and  flows  out  of  the  right  heart.  The  shape 
of  the  h?art,  number  and  strength  of  beats,  and  the  numlier  of  drops 
flowing  through  the  right  heart  may  be  measured  in  this  way. 

3.  Htdon  and  Arrous  ligate  the  aorta  and  vena  cava  and  connect 
the  pulmonary  artery  and  pulmonary  vein  directly,  feeding  the  heart 
with  its  own  blood  and  keeping  it  alive  by  artificial  methods 

4.  Ueymans  and  Kochtnann  connect  the  aorta  of  the  excised  heart 
with  the  carotid  of  a  second  animal,  letting  the  blood  return  through  a 
funnel  connected  with  the  jugular:  or  without  the  u.sc  of  a  funnel,  by 
connecting'  the  pulmonary  artery  of  the  excised  heart  with  the  jugular 
of  the  animnl.  and  tying  the  other  vessels. 

IV.  IsoUtcd  apex  preparations;  i-  e.,  ganglion-free  heart  muscle. 
porter  ha^  succeeded  in  maintaining  rh>'thmic  contractions  of  isolated 
strips  of  the  apex  of  the  heart  by  injecting  oxygenated  blood  under 
pressure  into  a  branch  of  the  coronary  artery  supplying  it. 

The  methods  of  Langendorff  and  Porter  have  been  criticized  as 
yielding  abnormal  results,  liecause  they  leave  the  cavities  of  the  heart 
empty.  Their  results  must  therefore  be  interpreted  cautiously.  Gott- 
Jifh  and  \fagnus  (iQOj)  obviate  this  difficulty  by  filling  the  ventricle 
with   a  distensible  baloon. 

I'frfusion  Liquids. —  In  perfusing  the  excised  heart,  a  fluid  must  be 
employed  which  does  not  produce  any  salt  or  ion  action,  which  con- 
tains oxygen  and  nutriment,  and  which  is  at  body  temperature.  The 
best  is  oxyRcnatcd  defibrinated  blood  from  the  same  species  of  animal. 
diluted  with  5  volumes  of  normal  j^aline  solution.  Other  fluid*  may  be 
{substituted,  but  these  must  be  charged  with  oxygen,  when  used  with 
the  mammalian  heart.  Serum  may  be  employed.  An  excellent  sjbsti- 
tute  i«  Locke's  Fluid  (see  Index).  By  the  use  of  Langendorff*s  or 
Porter's  method,  the  heart  can  be  kept  beating,  or  revived,  many  hours 
after  death. 

Similar  solutions  may  be  used  for  the  perfusion  of  frogs'  hearts, 
except  that  they  should  contain  less  salt  (0.6  to  0.75%  NaCI).  Used 
alone,  this  saline  solution  gradually  poisons  the  heart  after  the  manner 
of  digitalis.  The  toxicity  is  less  if  2%  of  gum  arable  is  added,  or 
1—57 
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small  quantities  of  some  other  salts.  Finger's  solution  (see  Indf^l 
has  been  found  very  good.  Rabbit's  or  beef's  blood,  defibrmated  wA 
diluted  witli  2'  S  parts  of  0.6%  Nad,  is  also  used. 

V.  Afulysis  of  the  Effects  on  the  Heart. —  Actions  on  the  Ner- 
vous Mechanism  can  be  bludicd  with  the  heart  in  situ,  by  dividng 
or  stimidatinK  the  vagi  and  acLclerators  at  diflfcrent  levels.  C*>Jn 
has  also  devised  a  method  of  studying  the  effects  of  dnigs  upon  Hit 
cerebral  cardiac  centers  by  separating  these  from  the  general  circu- 
lation and  artificially  circulatmg  through  them  defibrmated  bl<xKl  fott- 
taining  the  poisons  to  be  studied ;  in  this  way  ihey  do  not  reacJi  the 
heart  at  all. 

An  effect  upon  the  nerves  is  manifested  particularly  by  change?  in  the 
rale  of  the  heart:  but  as  the  rate  may  also  be  modified  through  tht 
muscle,  or  indirectly,  a  more  detailed  analysis  becomes  ntxcssirj"  llin 
will  repay  closer  study,  as  it  illustrates  the  methods  of  pharnucflopf 
research. 

Investigation  of  Changes  in  the  Rate  of  the  Heart.—  (A^  Qvidc- 
ening  may  be  due  to  a  direct  or  reflex  inhibition  of  the  vagu»,  or  to 
stimulation  of  the  accelerator  nerves,  or  of  the  cardiac  muscle 

(1)  If  the  quickening  docs  not  occur  after  section  of  the  vxji  * 
must  have  been  due  to  central  f^aralysis  of  the  7agi.  If  the  cmter 
does  not  respond  to  reflex  stimulation  (snch  as  the  inhalation  "f  w 
monia  with  rabbits),  the  center  itself  is  paralyzed.  If  it  d^e^  re^^jni. 
the  inhibition  of  the  vagus  must  be  rcHex.  which  can  be  funhr.  difl*' 
onstrated  by  division  of  the  corresponding  path. 

(2)  If  the  quickening  occurs  after  section  of  the  vagi,  the  drug  « 
tried  on  animals  in  which  the  vagus  endings  have  been  fnnipk*elj 
paralyzed  by  atropin.  If  it  produces  no  effect,  the  drug  must  (ufily* 
either  the  ganglia  or  endings.  It  is  tried  on  animals  in  which  ihe 
ganglia  have  been  paralyzed  by  nicotin ;  or  on  the  ganglton-free  *!<' 
of  the  frog's  heart.  If  it  produces  no  quickening,  if  muM  fcJ** 
paralysed  the  tagus  ganglia;  if  quickening  occurs,  it  must  faraSpf  t^ 
en-dings.  In  the  former  case,  sliniulatittn  of  the  sinnn.  in  thf  fr"t 
stops  the  heart;  if  the  endings  arc  paralyzed  stimulation  of  the  w"* 
has  no  effect. 

(3)  If  the   quickening   occurs  even   after  atropin.   there  inti>'  V  » 
stimulation    of   cither    the    accelerator    mechanism    or    of   tbc 
muscle.     If  the  effect  occurs  on  the  excised  atropiiiizcd  heart, 
stimulate  either  the  muscle  or  the  accelerator  endings.     It  i»  *'" 
cult  to  distinguish  between  these:  the  study  nf  the  relative  dnr.' 
strength  of  the  phases  of  the  cardiac  cycle   furnishes  some  imtioii||*' 
TIu"  cardiac  muscle,  quite  free  from  nerve  endings,  can  also  be  iM>6" 
in   the    embryonal   chick.     It    appears,    from    these    methods,   'f'^'  ^^ 
'ilimulation   is  always  of  the   muscle,   rather  than   of   the  nui;  . 
that  we  shall  designate  a  quickening  obtained  after  atropin  as  > 
nlatton  of  the  cardiac  muscle. 

(4)  If  the  drug  acts  after  atropin,  but  has  no  effect  on  llw  ew** 
heart,  it  must  slituulate  the  accelerator  center.  This  can  be  fn^*"] 
shown  by  its  producing  no  effect  on  the  intact  animal  if  the  spiml  ^ 
is  divided  above  the  Brst  dorsal  vertebra,  or  if  hoth  stell&te  gtngto"* 
excised. 

(B)   Slowing    may   be   due    to   direct   or   reflex    stimiiV"    "     '  ''^ 
vagi;  to  paralysis  of  the  accelerators;  to  paralysis  nf  the 
or    through    impaired    nutrition;    or    to    systolic    stimuU;^.  .. 
muscle. 

t.  If  the  slowing  does  not  occur  after  Motion  of  the  vagi,  it  ts*' 
be  due  to  a  stimulatiou  of  the  vagus  center,  especially  if  electric  wi"*" 
lation  of  the  vagus  trunk  continues  effective. 
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2.  If  it  occurs  after  section  of  the  vagi,  but  not  after  nicotin,  it  must 
be  due  to  stimulation  of  the  vagus  gangiia. 

3.  If  it  occurs  after  section  of  the  vagi  and  after  nicntin,  but  not 
after  alropin,  u  must  be  due  to  stimulation  of  the  vagus  endings. 
Electric  stimulation  of  the  vagus  trunk  is  ineffective  in  2  and  3. 

4.  If  it  occurs  after  atropin,  but  nut  aftt-r  division  of  the  accelerators, 
it  must  be  due  to  a  depression  of  the  acrt'lerator.  If  electric  stimula- 
tion of  the  accelerator  nerve  is  effective,  the  depression  must  be  cen- 
trai;  if  not,  tt  is  peripheral. 

5.  If  it  occurs  after  alropin  and  after  division  of  the  accelerators,  it 
must  be  due  to  a  direct  action  on  the  cardiac  muscle,  or  to  insufficient 
nutniioH,  The  latter  may  be  excluded  by  artificial  circulation.  If  the 
slowing  persists,  it  is  due  to  paralysis,  or  to  increased  tonus,  of  the 
cardiac  muscle;  the  strength  of  the  contractions  will  indicate  which 
is  the  true  explnnation. 

(C)  Cardiac  Standstill  may  be  due  to  stimulation  of  the  vagus,  to 
paralysis  of  the  cardiac  muscle  (and  in  frngs,  to  excessive  systole). 

1.  If  the  standstill  disappears  on  section  of  the  vagi,  it  is  due  to 
stimulation  of  the  vagus  center. 

2.  If  it  persists,  but  disappears  after  atropin,  it  is  due  to  peripheral 
stimulation  of  the  lagus.  The  ganglia  and  endings  can  be  distinguished 
as  in  {B)  (2  and  3K  The  frog's  heart  is  strongly  diastolic  if  the 
stoppage  is  due  to  stimulation  of  any  part  of  the  vagi. 

3.  If  atropin  docs  not  relieve  the  standstill,  it  is  caused  by  a  direct 
effect  on  the  muscle.  In  mammals,  this  is  always  paralytic.  In  frogs 
it  may  be  due  to  paraiysis,  when  the  heart  is  uf  medium  size,  and 
cannot  contract  if  it  is  forcibly  distended ;  or  to  excessii-e  systole 
(  Digitalis  group)  when  the  heart  is  very  small,  and  contracts  if  dis- 
tended. 

4.  The  paralysis  may  only  involve  the  rhythmic  power,  so  that  the 
heart  responds  to  stimulation  {i.  e.,  a  pin-prick)  by  a  single  contrac- 
tion; or  It  may  be  complete. 


EXERCISE  49.— EFFECTS  OF  DRUGS  ON  CARDIAC  MUSCLE, 
FROG  AND  TURTLE. 

Study  in  connection  with  Chapters  XV,  XVI,  XIX,  XXIL 

Read  technic,  pages  799  to  801. 

Also  consult  Exercises  74  to  76. 

Materials  Needed  (for  entire  class). —  20  frogs;  12  turtles;  3  induc- 
tion coils;  2  perfusion  apparatus  and  cannulEc;  12  frog  boards ;  la 
light  muscle  or  heart  levers  (4  arranged  to  rest  on  the  heart) ;  12  frog 
needles;  ligatures;  12  pipettes;  \2  drums;  pins;  3  watch-glasses  0.7S% 
saline  solutinn;  Tr.  Digitalis,  Tr.  Aconite,  Adrenalin  fg  c.  c):  KO, 
9%  Alcohol  (25  c.  c):  \%  Caffein  fas  e.c.)\  Ringer's  Fluid  /t.L.). 
The  following  dissolved  in  0.75  saline  (5  c.  c.  of  each);  Digitalis,  4 
and  20%  infusion;  Aconite,  4%  infusion;  BaClj,  1%;  Strychnin,  Vi»%; 
Chloroform  and  Ether  (saturated)  ;  Quinin,  \%  and  Vi"*^ 

Experiments.— There  may  be  distributed  amongst  the  sets  as  fol- 
lows (five  sets  suffice  to  demonstrate  the  principal  drugs  and  methods) : 

Set  A  =  A  T  ami  Ca  i ;  Set  B  =  B  2  and  Ch  4:  Set  C  =  A  6  and 
F  t;  Set  D  =  D:  Set  E  =  K;  Set  F=A  2  and  F  2;  Set  G  =  B  i  and 
Cb  3 ;  Set  H  =  A  3  and  Ch  I :  Set  I  —  B  3  and  Ca  2;  Set  K  =  A  4  and 
Cb.  2;  Set  L=B  4  and  Ca  t:  SpI  M  =  A  T   (Barium)  and  Ca  J 

A.  inspection  of  Exposed  Heart,  Local  Application.— Cnirrai 
Directions.— T\\\\  the  brain  of  a  frog  (page  795^  and  pin  on  board. 
Kxpose  the  heart  (page  799)  and  trim  away  the  pericardium.  Count 
the   rate   and  observe   the  size,   the  relative  strength  of  systole   and 
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diastole,  the  color  and  regularity.  Irrigate  the  heart  with  the  solu- 
tion, from  a  pipette,  and  repeat  the  observations  and  the  appiicition  oi 
the  drug  every  five  minutes  during  an  hour,  or  as  long  as  the  h«rt 
survives.  Record  the  results  in  the  form  of  a  cur\'c,  a>  m  Fig  1^5. 
the  abscissa  corresponding  to  the  rate,  tl.;  ordinatcs  to  the  imir 

I.  Digitalis. —  Apply  4%  infusion  (Figs.  X25  and  88.  page  jS*' 
The  effect  consists  in  an  increased  tone  of  the  cardiac  nniH'le,  •*" 
beats  arc  slowed  (sometimes  there  is  a  preliminary  quickenins)  ^iJ 
strengthened.  The  systole  particularly  increases,  the  heart  bcwni"i(t 
progressively  smaller  and  whiter.  The  contractions  then  bccornc  ir- 
regular, and  often  peristaltic.  The  slowing  continues  and  affectj  p*^- 
ticularly  the  ventricle,  so  that  there  may  be  several  auricular  b«i*  '" 
each  contraction  of  the  ventricle.  Finally  the  hcflrt  slops  in  syswlf. 
t.  e.,  as  a  small  white  lump.  It  may  be  necessary  to  apply  a  JO^  if^"* 
sion  to  obtain  this  result.  If  the  ventricle  be  distended  by  injrcl«8 
0.7s  saline  under  pressure   (with  a  hypodermic  syringe),  it  will  ««»»'' 


CQ 


n 


30 


/e 


vj 

\ 

1 

- 

— 

"g 

%' 

1 

.U 

-^ 

<- 

^ 

•Si 

■vi! 

I- 

- 

^ 

\ 

s 

^ 

— ^ 

\, 

k 

\ 

V 

•1 

- 

^ 

^ 

s 

■^ 

;;:; 

J3 

~~ 

s 

N. 

^ 

J"              /J              '*"            ^f            2S            3*            jr            ** 

Jldinules  after  ^hphetUiotv 


Fif.  CJ5. —  Diagram  of  obicrvatiDiui  on  the  effect  of  disitalb,  froc'i  hrtft* 


contract.     The   application   of  aqueous    camphor   solution,   or  pfidijl 
with  a  needle,  starts  only  a  few  beats.     Vcratrin  iV^'Tc)  or  BaCU  <»** 
^wft  effects  very  similar  to  digitalis. 
The  results  arc  sometimes  atypical. 

2.  Aconite.— Apply  4%  infusion.  Tins  stimulates  and  then  par J^ 
lyzcs  successively  the  accelerators,  vagus,  and  muscle  (see  Fis  Z"' 
page  jtJO).  If  the  results  are  typical  the  rate  is  first  qi  '  *  '"^ 
slowed,  then  again  quickened  and  irrcRuIar.  and  tlien  gr 

with   final  paralysis    in   the  median  position.     The   prim*  ^ 

may  be  absent.     The  secondary  quickening  is  fairly  con-^  ■'' 

acteri.stic     The  most   striking   feature  is  the  extreme  irr  ' 

arhythmia  of  the  heart  in  the  later  stages.  This  may  ' 
varying  forms.  The  two  sides  of  the  ventricle  often  b*. 
the  blnod  being:  pumped  from  one  side  to  the  other. 

3.  Strychnin, —  Use  yi«,%.  This  has  practically  no  effect,  decw"" 
siraltng  that  this  alkaloid  is  not  a  cardiac  &timuUnt  in  the  «r<rt 
sense 

4.  Quinin.— Use  V.»%.    The  heart  is  slowed  and  finally  »topf« 
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position,  by  paralysis  of  the  cardiac  muscle.  The  action  is 
analogous  to  that  on  skeletal  muscle  (consult  Exercise  45), 

5.  Anesthetics. —  Excise  the  hearts  of  six  frogs.  Place  two  hearts 
into  each  of  three  watch -gla.iscs  containing  tlie  following  nonnal  solu- 
tions: {a)  Normal  saline:  ib)  normal  saline  saturated  with  chloro- 
form; {,€)  normal  saline  saturated  with  ether.  Note  that  the  chloroform 
stops  very  quickly,  the  ether  heart  much  later.  The  stoppage  is  in  the 
median  (.paralytic  condition),  and  is  preceded  by  slowing  and  weaken- 
ing. If  the  hearts  are  at  once  removed  to  normal  saline,  they  may  beat 
again. 

The  greater  toxicity  of  the  chloroform  is  emphasized  by  the  fact 
that  it  is  much  less  soluhle  than  ether,  the  saturated  solution  contain- 
ing only  a  twentieth  as  much  of  chloroform  as  of  ether. 

B.  Systemic  Administration.— The  drugs  may  be  injected  into  the 
dorsal  lymph-sac,  just  l>cfore  pithuig  and  exposmg  the  heart.  The 
restilts  arc  practically  identical  with  those  of  direct  application.  The 
following  may  t>e  us^d : 


I 


1.  7V.  Digitalis,  i  c.  c. 

2.  Tr.  Acotutc.  I  cc. 

3.  Strychnin,  i  cc.  of  Vi«%. 

4.  Quinin,  i  c  c.  of  1%. 


C.  Tracings  (  Turtle's  Heart) — (a)  Suspension  method. —  Arrange 
the  heart  for  tracings  by  the  suspension  method  (sec  page  800)  and 
apply  the  drugs  as  in  A.  1,  2.  3.  and  4. 

(6)  Rest  the  lever  on  the  heart  (see  page  800)  and  apply  the  drugs 
as  in  A,  l,  2.  3,  and  4. 

D.  Perfusion  of  Frog's  Heart. —  Arrange  the  heart  for  perfusion 
(see  page  800).  Observe  the  results  or  take  tracings  !>y  the  suspen- 
sion method  (see  page  800).  Use  Digitalis.  x%  of  the  47c  infusion. 
(KCl  and  adrenalin  (see  No.  E)  or  alcohol  (5%)  may  be  substi- 
tuted. ) 

The  Williams  heart  apparatus  (Fig.  123,  pate  894)  can  be  demon- 
strated. 

E.  Perfusion  of  Turtle's  Heart. —  See  technic,  page  801. 
Employ  KCl.  0.9% :  the  heart  is  arrested. 

Substitute  adrenalin,  I  :  50,000;  the  heart  revives.  (Add  I  :  50  of 
I  :  1 .000. ) 

(Digitalis  cr  alcohol  may  be  used  instead,  see  No.  D.) 

F-  Strips   of   Turtle's    Ventricle.—    Sec  technic,   page  801. 

Use   I.  Alcohol,  2.  5.  and  10%. 

2.  Caffein,  o.ci  and  0.1%  (sec  Fig.  50  C.  page  165). 

SStr>chnin,  0.01%.  or  Digitalis,  0.001%.  may  lie  substituted.) 
utrimorisf  the  effects  of  Quinin  in  Chapter  XX  XT  1 1 1,  No,  jj. 

CERCISE  50-— CARDIAC  NERVES  IN  THE  FROG  AND 

TURTLE. 

Study  in  connection  with  Oiapters  XI  and  XII. 

Read  the  ttchnic.  page  800. 

Experiments.- -Half  the  sets  nay  do  T,  the  others  II. —  1.  Stimu- 
Ution  and  Pbratysie  of  Vagus  Ei:dings.^  (a)  Pith  the  brain  of  a 
fn^,  pm  on  hoard,  expose  bean  i'ld  remove  pericardium.  Note  that 
electric  stimulation  of  the  sinus  vcnosus  stops  the  heart  (stimulation 
of  vagus  ganglia  V 

(b)  Apply  airopin:  In  a  few  minutes,  stimulation  of  the  sinus  pro- 
duces no  effect  (paralysis  of  vagus  endings).  The  atropin  may  cause 
a  quickening  of  the  heart  by  stimulating  the  muscle. 
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(c)  Wash  off  ihc  atropin  with  normal  saline.  Apply  inu>ann  lor 
physostigmin) :  sinn«i  stimulation  is  again  ctTectual.  and  heart  may  bf 
slowed   (stimulation  of  vagus  endings  and  cardiac  muscle). 

(d)  Wash  with  normal  saline  and  repeal  (b)  ;  same  cffccL  Atpi?»in 
and  muscarin  (or  physostigmin)  have  antagonistic  actions,  and  *h)ch 
ever  is  used  in  larger  quantities  can  overcome  the  effects  of  iht 
other.  This  holds  for  all  peripheral  structures  upon  which  ihest  allti- 
loids  act. 

II.  Stimulation  and  Paralysis  of  Vagus  Qan^ia. —  (a)  Pith  the 
brain  of  a  turtle,  pin  on  board,  and  expose  the  heart  and  remove  pen- 
cardium.  Expose  the  vagus  trunk  (see  page  800).  Note  that  ckrtric 
stimulation  of  the  vagus  trunk  slows  or  stops  the  heart. 

ib)  Apply  nicotin,  or  pilocarpin.  The  heart  is  first  slowed  (slimu- 
lation  of  vagus  ganglia),  then  quickened  (paralysis  of  these  Riiteln' 
Stimulate  the  vagus  tnnik ;  no  ciTecl.  Stimulate  the  sinus;  the  hf-»fi 
is  slowed  or  stopped.  (.This  shows  the  location  of  the  paralysis  tv 
plain.) 

Summarisr  the  action  of  Muscarin,  Chapter  XXXVtlt,  So.  /^  , 

Material  Needed  (for  six  students) — Frog:  turtle;  pins:  diit   '^ 
tools;   2   pipettes;   2  in<luciion   coils   connecter!   for   tetanizing  cur 
2  c.c.  of  each  of  the  foUowinj?  alkaloids:    Vw*^  solution  of  the  «!' 
0.75%  NaCI :    Atropin,  Muscarin  or  Physostigmin,  Nicoiin.  Pilocirpm 
25  c.  c.  075%  NaCI. 


*>  , 
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EXKRCISE  St.— EFFECTS  OF  DRUGS  ON  BLOOD  \'ESSEL!; 

Study  in  connection  with  Chapters  XIII,  and   XXI  to  XXUI 

Consult  also  Exercises  71   to  73. 

Explanatory. —  This  subject  will  be  studied  in  detail  in  tbe  t^'j 
chapter,  since  it  generally  requires  operative  procedurev  SoiW  ^^ 
the  effects  may  be  observed,  however,  in  intact  animals,  by  in^)eCtwn. 
and  in  frng>;. 

Experiments. —  The  experiments  may  be  demonstrated,  of  ^^ 
Iribiiled  amongst  the  .-iets,      (Consult  Exercise  XJ,  No.  3.) 

I.  Ergot  on  Comb  of  Rooster. —  Administer  to  a  rooster  5  GUI' 
of  powdered  ergot  (rolled  nito  a  cartridge  with  \\>M\e  paper*  by  roouJi^ 
or  5  c.c.  of  fluidcxtract  hyiK>dermically.  Within  an  hnur  ibc  Up***' 
the  combs  and  wattles  will  become  cix>!  and  blacken.  Tlii«  may  pc'' 
si3t  for  several  days  and  may  pass  into  dry  ganprene  of  the  afff^w 
parts.  The  result  is  due  to  a  persistent  vasrtrfin<tricti«"n.  r-??!:!'^ 
from  a  direct  action  on  the  arterial  muscle,     (Tlic  exper  '" 

unsuccesfful.  if  the  ergot  has  become  inactive,  nr  if  the  ' 

very  susocplible. ) 

a.  Vasodilation  from  Depression  of  Vasoconstrictor  QaafB^' 
I'asoconstriction  Throuf;h  Retiex  Strttiutation  (Nicr.nn)  —  Inject  i** 
white  rabbits,  each  with  10  mg  per  Kg  of  nicotin  (i  re.  of  l^^ 
Kg.).  In  about  ten  minutes  the  ear  vessels  are  sc--  '  1  '.•- 
prcssion  of  the  sympathclic  ganglia.)  Apply  reflex 
ing  nn  the  rabbit):  the  vessels  constrict  at  once: 
thev  dilate  again,  and  the  experiment  may  be  repeat- 
(The   small   dose   of  nicotin   used   in   this  experiment   pr 

Materials   Required    (for   entire    class).— 3    frogs:    2  micr 

frogboards;   pins:   2   tiimhters:    pipettes:   disserting  tor!:     ^ 
graphs;  oncographs ;  hyiMvJcmiic  syringe:   rooster  with   ' 
white  rabbits;  dog;  frog's  perfusion  apparatus.     '    '-   <""■ 
Tr.  Digitalis  (2$  c.c);  t%  Nicotin  (to  c c); 
(5  Gm  )  ;  Ringer's  Fluid   (400  c.c);   10%  Sod 
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wion  of  the  ganglia  sufficient  to  block  tlie  weak  tonic  vasocon- 
strictor impulses  which  pass  normally  to  the  muscle ;  but  it  is  not 
sufficient  to  block  stronger  impulses,  as  those  due  to  reflex  stimula- 
tion.    Larger  doses  of  nicotin  block  these  impulses  also.) 

The  gtntral  effect  of  nicotin  may  also  be  observed  on  this  animal 
(compare  Exercise  24,  No.  3  a).  The  reflex  excitability  is  first  in- 
creased, then  the  animal  shows  a  condition  of  partial  paralysis,  with 
convulsions  on  stimulation.  There  may  be  nausea.  The  pupils  arc 
variable. 

3.  Digitalis  on  Vessels  of  Frog's  Foot. —  Curarize  a  frog  (see 
Exercise  42,  No.  i).  t'in  on  board  to  observe  circulation  in  foot  (Oc. 
Ill,  ohj.  III).  Make  an  exact  drawin^j  of  a  small  vei^sel.  Inject  into 
lymph-sac  0.5  c.  c.  of  tincture  (10%)  digitalis  and  observe  the  same 
vessel  from  time  to  time  and  note  changes  in  its  diameter.  A  marked 
vasficonstriction   (about  25%)   is  uMially  observed. 

More  exact  results  can  be  obtained  by  using  a  camera  lucida  or  an 
eye-piece  micrometer. 

4  Adrenalin  on  Mesenterin  Vessels,  Frog. —  See  technic,  page  796. 
Apply  Vi«%  adrenalin  and  observe  the  constriction.  (This  experi- 
ment may  be  modified  to  show  the  action  of  astringents,  by  first  induc- 
ing an  inflammation  and  then  applying  \%  alum.) 

3.  Artificial  Perfusion,  Frog. —  Pith  a  frog,  brain  and  cord,  and 
perfuse  the  vessels  of  a  frog  (see  page  801  >  with  Ringer's  Fluid 
Observe  the  rate  of  How.  Substitute  i  :  2,000  sodium  nitrite:  The 
flow  is  ouickcncd.  Substitute  i  :  too  of  Tr.  Digitalis:  The  flow  is 
stowed.  Do  these  drugs  act  centrally  or  peripherally?  (Any  of  the 
solutions  mentioned  in  Exercise  73  may  be  employed.) 

^^Explanatory. —  The  circulatory  effects  of  drugs  can  be  studied  to 
some  extent  by  observing  the  rate,  strength,  regularity,  etc..  of  the 
pulse;  the  obser\'ations  .can  he  made  more  exact  by  employing  a 
sphygmograph,  cardiograph,  sphygmomanometer,  and  plethysmograph. 
Thefe  experiment^  should  he  made  on  man.  They  arc  left  to  volun- 
teers, but  the  student  will  find  them  most  instructive  if  he  performs 
as  many  as  possible  on  himself.  The  doses  are  chosen  so  as  to  pro- 
duce but  a  moderate  therapeutic  effect,  devoid  of  all  danger  (except 
perhaps  in  severe  circulatory  disease).  It  would  also  be  very  useful 
to  repeat  the  observations  nn  well-selected  ward  cases. 

Obit' nations  Required. —  Rate,  character,  tension,  rhythm,  and  regu- 
larity of  the  pulse.  Rate  of  respiration.  Incidental  effects  (headache, 
bowels,  etc  ).  Other  effects  as  noted  in  the  experiments.  The  drugs 
should  be  taken  an  hour  after  meals,  the  subject  remaining  perfectly 
quiet  during  the  period  of  observation;  this  should  extend  over  sev- 
eral hnurs.  Several  observations  of  the  normal  conditions  should  be 
made  before  the  drug  is  taken. 

Experiments  (Optional). —  i.  Let  a  rabbit  inhale  ammonia,-  note 
that  the  heart  slops  by  reflex  stimulation  of  the  vagus  center,  through 
irritation  of  the  trigeminal  (consult  Exercise  28.  No.  i).  This  effect 
is  sometimes  produced  by  the  inhalation  of  chloroform  and  constitutes 
one  of  the  causes  of  death  during  anesthesia   fFig,  81,  p.  42g). 

2.  Take  0.3  c.  c.  of  tincture  of  digitalis:     In  about  half  an  hour  the 

Material  Needed. —  Sphygmograph,  Plethysmograph,  Sphygmomano- 
meter, Rabbit.  Drugs  (best  in  the  form  of  tablets):  Digitalis  (0.3 
c.  c.  of  tincture)  :  Atropin  ( i  mg.)  ;  Aconite  (a3  cc.  of  10%  tincture)  ; 
lyl  Nitrite  (^  drop  pearls). 
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pulse    will   be   somewhat   slowed,   with    increased    tension.    Stimulatioo 
of  vagus  and  of  cardiac  and  arterial  muscle. 

3.  Take  I  mg.  of  atrofin:  quickening  of  pulse  (depression  of  vijui 
endings),  rarely  preceded  by  slowing.  Dilatation  of  pupils,  drynw) 
of  mouth,  absence  of  perspiration  (depression  of  the  corresponding 
endings),  l^onictimes  a  little  headache.  The  effects  begin  in  ab«:i 
20  minutes,  and  reach  their  maximum  in  about  an  hoQr,  and  \m  s<inx 
«ix  or  eight  hours. 

4.  Chew  a  tablet  containing  0.15  c.  c.  of  tincture  of  aconiU.  Kotf 
the  prickly  sensation  of  the  tongue.  In  about  half  an  hour  the  duIk 
is  somewhat  slowed,  and  the  tension  lowered.  (Stimulation  ot  the 
vagus  center.) 

5.  Crush  the  Amyl  Nitrite  pearl  in  a  handkerchief  (or  drop  on  J 
drops)  and  inhale.  At  once  the  face  flushes  (note  the  extent  of  ihc 
reddened  area);  the  head  throbs;  the  heart  is  quickened;  the  Wflsai 
is  lowered,  the  dicrotic  wave  is  more  prominent  (Fig.  84.  page  472) ■ 
(.Vasodilation,  inhibition  of  vagus  tone.) 


EXERCISE  53  — ARTIFICIAL   CIRCULATION   SCHEMA- 

Study  in  connection  with   Chapter  XXIT.  - 

Explanatory. —  The  effect  of  changes  in  the  heart  and  blood  ve***^ 
on  the  bluod   pressure  and  blood-flow  can  be  demonstrated  in  a  t*"^*^ 
instructive  inanncr  by  lhe  circulation  model  depicted  in  Fig.  126        ^^ 
Experiments. —  Make  the   following  observations  and   record   tP^ 
in  tabular  form.     The  time  can  be  kept  with  a  metronome.     The  P^^J^S 
ing  should  be  continued  for  a  short  lime  before  obser^'ations  arc  '^    -^^ 

Students  A  and  B,  reading  of  arterial  and  venous  pressure:  $ta<J^ 
C  and  D,  pumping  and  outflow;  students  E  and  F,  recordmg. 


Abtkkial        Vevovs 

Max.  MtN.  Max.  Min 

1.  iNormol)  Pump  with  moderate 

excursions ;  at  rale  of  60  per 
minute  The  capillaries-clamp 
is  partly  closed 

2.  (I'agus  Sliinulalion)    Pump  at 

the  rale  of  10  per  minute,  al- 
lowing complete  relaxation, 
but   incomplete  contraction.. .  Falls. 

3.  (I'agus    Drf>rcssiou)    Pump    at 

the  rate  of  120  per  minute. 
but  with  very  weak  compres- 
sion   Little  rise. 

4.  ( Digitalis    action    on    Cardiac 

Muscle)  Pump  at  the  rate  of 
,^0  per  minute,  causing  cnm- 
pletc  contraction,  but  incom- 
plete   relaxation Rises. 

5.  Simultaneous      stimulation      of 

Vagus  and  Cardiac  Muscle 
(Digitalis).—  Pump  at  the 
rale  of  ya,  with  complete  con- 
traction and  relaxation Rises. 

Material  Rctptired. —  .Artificial  circulation  apparatus   (s«  Tig-  i 
water  colored  with  carmine  or  blood;  Metronome;  too  c. c  grttSia' 


(AT   ^r^ 
(Time        ^^ 

100  c 
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EXERCISE  54— EFFECT  OF  DRUGS  ON  THE  PUPIL 

Siudy  in  connection  with   Chapters  XI  and   XI L 

Explanatory.—  The  iris  contains  two  sets  of  smooth  muscle  fiber*, 
the  circular  sphincters  and  radial  dilators  (Fig.  56,  page  JJW>  ^M 

The  sphincter  muscle  is  innervated  by  Bhcrs  contained  in  the  ocnld^f 
motor  nerve.     These  terminate  around  the  cells  of  the  ciliary  ganglion 
Frtun  here  the  fil)ers  pass  on  as  the  short  ciliary  nerve. 

The   iiLTve    fibers   for   the   radial   muscles   run   in   the  cervical  $1 
parhetic   nerve,   and  terminate   in   the  superior  cervical   ganglion 
fibers  which  arise  here  run  through  the  Gasserian  ganglion  (hut  *i 
out  joining  any  cells),  t\hcre  they   unite  with  the  first  branch  of 
trigeminaU  and  run  to  the  iris  in  the  long  ciliary  nerve. 

The  pupils  may  tlierefore,  be  affected  through  the  following 
isms; 


(A)  Dilator  Mechanism. 

1.  Sympathetic  center. 

2.  Sympathetic   and   long  ciliary 

nerve. 

3.  Superior  cervical  ganglion. 

4.  Post-ganglionic  fibers. 

5.  Endings  in  radial  muscle. 

6.  Fibers  of  radial  muscle. 


(B)    CONSTBICTOR    MeCBAKI^M. 

7.  Oculomotor  center. 

8.  Oculomotor  and  short  oliirj 

ner\'es. 

9.  Ciliary  ganglion. 

to.  Post-ganglionic  fibers- 

11.  Endings  in  sphincter  musclt 

12.  Fibers  of  sphincter  muscit 


Stimulation  of  "  A  "  causes  dilatation ;  paralysis,  constriction  througli 
the  unopposed  action  of  the  constrictor  mechanism. 

Stimnialion  of  "  H '*  cau^ies  constriction:  paralysis,  dilatation  throiigl> 
the  unopposed  action  nf  the  dilator  mechanism. 

The  action  may  he  located  as  follows  (the  principal  drugs  fi^inl 
these  effects  are  added  in  parenthesis^  : 

A.  Tt  is  tried  whether  the  drug  acts  also  when  applied  to  the  corort. 
and  if  so,  whether  the  eflfect  is  confined  to  this  eye,  or  at  least  i*  fflodi 
greater  there.  If  this  is  the  case,  the  action  must  be  on  the  cndinf* 
or  muscle.  If  the  drug  acts  only  when  it  is  introduced  systctncal^'. 
the  action  must  he  on  the  ganglia  or  centers.  The  ganglia  are  di** 
cussed  below.  Ct'tttrai  actums  arc  usually  confined  to  the  dilator  centrr 
(stimiihittd  liy  asphyxia,  depressed  in  man  by  morphin). 

B.  Dilation  of  Pupil  (Mydria»i«),— The  oculomotor  trunk  b  «" 
posed  and  stimulated- 

1.  No  effect-  Peripheral  constrictor  paralysis.  It  remains  to  dis- 
tinguish between  the  ganglia,  endings,  and  muscle,  by  stimulaltort  of 
the  short  ciliary  and  of  the  sphincter  muscle  (Alropin  paralyiri  il** 
oculomotor  endings.  What  would  be  the  result  of  these  stimula- 
tions?) 

2.  Oculomotor  stimulation  is  eflFective:  The  dilation  must  ^  ^ 
to  sympathetic  stimulation.  The  drug  would  l>e  ineffective  after  ^' 
tioji  and  degeneration  of  the  sympathetic.  Stimulation  of  tlie  (pn?!^ 
can  be  shown  or  exclitded  by  section  of  the  long  ciliarj-  (Cocam  Mini" 
latcs  the  svmpathctic  center,  gaufrlion.  and  endings^ 

C.  Constriction  of  the  Pupil  (Miosis).— Tlic  cer\ical  sympstli^ 
is  stimulated : 

I.  No  effect:  sympathetic  paralysis.    The  distinction  between  ging!'* 

Materials  Required  (for  entire  class). —  Five  animals  and  P.'P^'^J*: 
2  c.  c.  of  1%  solution  of  salts  of  atropin,  physostigmin,  pilocarpin,  *"« 
cocain;  dionin.   10%,   i   c.  c. 


1 


EX.  54 


prpiL. 
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en<Jing5,  and  muscle  is  made  by  stimulatinf^r  the  lonjf  ciliary  and  the 
radial  muscle.  (Nicolin  paralyzes  the  ganglia,  after  a  preliminar>' 
stimulation.) 

2.  Sympathetic  stimulation  is  cflfcctive:  The  constriction  must  be 
due  to  oculomotor  stimulation.  This  is  generally  in  the  endings  tphy- 
sosiigmin.  muscarin.  pilocarpin).  The  ganglia  may  be  cxcUtdt-d  by 
section  of  the  short  ciliary;  tlie  muscle  by  the  fact  that  large  doses  of 
atropin  cause  dilation. 

The  tocahzattnn  of  these  actions  requires  rather  complicated  opera- 
tions; but  the  local  effects  and  the  antagonism  can  be  readily  demon- 
strated. 

Experiments  (To  be  demonstrated). —  General  Method  — V>to[i  a 
few  drops  of  the  solution  into  the  eye  of  llie  animal  with  a  pipctlc. 
Note  when  the  dilatation  or  constriction  sets  .in  —  about  t$  nnnntcs 
(using  the  other  eye  for  comparison)  —  when  it  reaches  its  mnxiruum 
—  about  an  hour  —  and  when  it  disappears  —  about  a  day.  Try  whether 
the  light  reflex  is  prcitcrved.  Rcpi^rt  the  results,  staling  what  con- 
cUisions  are  justified  in  each  case.  Cats  are  best  adapted  10  ihe  study 
of  drugs  acting  on  the  pupil,  Dogs  answer  very  well.  Rabbits  ran 
also  be  used,  but  are  not  C|uite  as  sensitive.  It  must  also  he  remcni' 
bercd  that  in  rabbits  the  two  eyes  react  indcpenricntly  to  light,  so  that 
the  nose  of  the  rabbit  must  be  pointed  to  the  window,  if  the  eyes  are 
to  be  compared.     Rabbits  dtt   not   react   to   Dionin. 

(The  excised  eyes  of  frogs  may  be  placed  in  Vi«%  wilulionn  in  nor- 
mal saline,  in  the  dark.  Atmpin  dilates,  physostigmin  constricts,  the 
iris.     The  results  are  not  uniform,  however.) 

1.  {a)  Place  a  drop  of  Atropin  into  the  eve  of  the  animal:  Dila- 
tion. The  effect  is  confined  to  one  eye.  I^ight-rcflex  is  abnent.  (Pa- 
ralysis of  octilomotor  endings.) 

ib)   In  an  hour,  drop  pilocarpin  into  the  same  eye;  little  rffect, 
(i-)  In    15  minutes  drop  physosligmiu  into  the  same  eye:  conMric- 
tion. 

2.  Into  the  eye  of  another  animal,  place  a  drop  of  fthysotttgrnin: 
constriction,  confined  to  the  one  eye.  Appears  in  15  minutes,  maximtiin 
in  al)otit  an  hour.     (Stimulation  of  oculomotor  endings  ) 

3.  Pilocarpin:  Drop  into  the  eye  of  another  animal;  conttriction 
confined  to  the  one  eye.  but  not  as  great  as  physostigmin.  (Peripheral 
stimulation  of  the  oculomotor.) 

4.  Cocain:  Xote  the  anesthesia  and  dilatation,  confined  |o  the  onr? 
eye.  The  latter  is  not  as  strong  as  with  atropin,  and  the  pupiU  itill 
react  to  light     (Stimulation  of  the  sympathetic.) 

5.  Dionin:  Drop  =omc  10%  solution  on  conjunctiva  of  dog  Of  CftI: 
hyperemia  and  edema 

Summarize  the  efiecis  of  Cocain  in  Chapter  XXXViU,  No  14:  and 
«/«.  So.  14A. 


^0 


EXERCISE  S5-— EFFECTS  OF  DRUGS  ON  ^SALIVARY) 
GLANDS 

Explanatory. —  The  peripheraj  effect*  of  drif(f«  ^m  (Ke  i/ii,  on  oth^ 
forms  of  unstriped  mu«ele,  on  the  vaco*  n     '  '  'h*  brart,  - 

on  glands  are  very  siniihr.    The  any   tv  'iofM   ar^ 

scle  of  the  arteriole*  tnd  Ultrm,  and    tnr    nvf-r.  mMama»rf  sUm, 


faterials  Required    (ir,r 
finge     25  c.  c.  of  V»''t    v 
alkaloids  in  the  i'  — 


$  e.€.  of  t%  stroma 
Mid  (jocc). 
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and  kidney.    The  action  is  Oie  more  typical,  ihe  more  the  organ  k 
normally  under  ncnous  control. 
The  more  imponant  drugs  act  as  follows: 
Purg  f^oralysis  of  endings:  atropin. 

Stimulation  of  endings:  physosligniin,  rauscarin,  pilocarpin.    Piio- 
carpin  also  stimulates  the  ganglia;  physostigmin  the  rtwiix^e  tnA 
gland  cells. 
Ganglia:    These  are  first  somewhat  stimulated,  and  then  deprcssfi 
by   nicotin,  coniin,  lobelia,  spartein,  curare,  and  cocain. 

The  glandular  effects  arc  studied  most  conveniently  on  the  mIK"*!? 
glands.  Tlie  submaxillarj*  gland  of  the  dog  has  the  additional  advan- 
tage that  it  possesses  a  double  nerve  supply.  This  may  be  xnilM  to 
prove  that  atropin  acts  on  the  endings  and  not  on  the  gland-cdU 

Glandular  secretion  may  also  be  affected  through  centers,  dirtcttf 
or  reflcxiy.  The  salivation  during  apomorphin  nausea  (ExerciK  J4 
No.  I)   is  an  instance  of  direct  central  stimulation. 

Experiments. —  Number  i  should  be  tried  by  each  student;  2ta^i 

may  he  'Icmoiivtraletj 

I.  Reflex  Stimulation.— Place  a  little  dilute  acetic  acid  in  \^ 
mouth  and  note  the  increased  salivation.  The  inhalation  of  rtbcr  of 
chlorofrjrm  acts  in  the  same  manner. 

J.  Pilocarpin  {Increase  of  secretions). —  Inject  into  a  rabbit  fcypo^ 
dermically  5  mg.  (5  c- c.  of  1  :  1.000)  per  Kg.  of  pilocarpin:  In  about 
half  an  huur.  salivation  occurs  (stimulation  of  chorda-tympani.  gingi'Mii 
and  cndipKs). 

3.  Atropin  (Checks  .secretion^. —  Inject  another  animal  at  the  i«8* 
time  with  the  same  dose  of  pilocartiin,  and  when  salivatiun  is  P"^ 
nounced,  inject  10  mg.  (I  c.  c.  of  1%)  per  Kg.  of  atropin.  On  «««»• 
I>aring  the  two  animals  in  about  half  an  hour,  it  i?  "^oen  that  the  al^" 
checks  the  salivation  more  or  less  completely  (paralysis  of  the  choro*' 
tympani  endings). 

4.  Chorda  Tympani  Experiment  (Optional). —  Sec  Stewart's  »>"" 
nal,  or  Practical  Physiology.  Beddard.  etc,  for  technic.  Insrri  J  cm" 
nula  in  Wharton's  duct.  Stimulate  the  cervical  sympathetic:  the  l?'i™ 
becomes  pale  and  secretes  a  little  thick  saliva.  Stimulate  llie  clu'p" 
tympani :  the  gland  flushes  and  yields  abundant  thin  wliva.  Inj«* 
intravenously  .30  to  40  mg.  of  nicotin  (for  a  dog.  or  10  mg  for  a  at' 
Stimulation   of  the  chorda   is   now    ineffective,  hpt    stimn! 

hilus  of  the  gland   (1.  r.,  beyond  the  ganglion  cells)   can 
The  nicotin  has  therefore  paralyzed  the  ganglion.     Inject  10  i"  n  -^^ 
of  atropin    (for  a  dog,  5   to    15  mg.    for  a  cat).     Stimulation  t^  '^^ 
hiUis    causes   no    secretion,   although    the    gland    flushes.     The  a^^*^ 
therefore  docs  not  act  on  the  vasodilator  endings,  but  it  paraljr'«  ** 
secretory  mechanism  somewhere  peripheral  to  the  ganglion     ^unnTt^'p 
the    sympathetic:    this   causes    secretion.     The   cells   arc   ;' 
paralyzed.     The   atropin    must   act   on   the   endings.     Injt  i 
pilocarpin  into  the  duct,  so  that  it  comes  in  contact  with  the  tclU    ^^'^ 
tion   resumes,   since   the  pilocarpin  stimulation   overcome*  the  ttrop* 
paralysis. 

EXERCISE  56.— ANTHELMINTICS. 

Study  in  connection  with  Qjapter  XXX. 

Explanatory. —  Anthelmintics  arc  remedies   used    rr--- 
para?itcs.     They  either  kill  the  worms  (vermicides).  ■ 
(vermifuges),  «o  that  they  can  be  expelli-d  by  a  ^^'^ 
all   fairly  violent  protopla*.mic  poisons,  but  possess  .> 
for    the    parasites,     Aspidium    and    pelletierin    are    c- 
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^igainst  tapeworm ;  santonin  against  roundworms.  Quassia,  iron,  etc., 
are  used  by  enema  against  tlireadworms. 

TIic  toxic  action  of  these  anthelmintics  can  be  demonstrated  outside 
of  the  body,  by  the  experiments  described  below.  The  intestinal  canal 
of  the  dog  usually  furnishes  a  plentiful  material.  These  experiments 
can  be  performed  in  conjunction  with  one  of  the  operative  exercises 
of  Chapter  XXXVII. 

Experiments. —  Split  the  intestine  and  collect  the  parasites.  Place 
sonic  in  normal  saline,  and  some  in  the  various  anthehnintic  solutions 
and  keep  at  40"  C.  Note  that  the  motion  ceases  gradually  in  the  anthel- 
ininlic  solutions.  If  the  worms  are  then  promptly  removed  and  placed 
in  saline,  they  may  recover. 

Materials  Needed. —  Frehh  dog's  intestine;  water  bath  at  40"  C, 
containing  bottles  with  .25  cc.  of  5%  infusions  of  aspidium,  quassia 
and  spigelia;  '/«%  solution  santonin,  witli  NaOH ;  1%  emulsion  tur- 
pentine. 


CHAPTER  XXXVII. 
OPERATIVE  WORK  ON  MAMMALS. 


(Review  the  technic.  pages  801  to  820,  and  the  remarks  on  note-taking. 

page  823.) 
Preliminary  Remarks. —  The  technic  of  mammalian  experiments  is 

not  very  difficult:  but  it  is  somewhat  more  complicated  when  it  is 
desired  to  utilize  the  material  as  thorouahly  as  possible.  This  may 
be  done  by  employing  several  methods  and  a  succession  of  drugs  on 
the  same  animal.  The  economy  of  time  nnd  m;iterial  is  not  the  onjy 
advantage  of  this  plan.  The  simultaneous  registration  of  several  func- 
tions is  always  usefu!,  and  often  indispensable  for  the  interpretation 
of  the  phenomena.  The  successive  administration  of  drugs  empha.sites 
their  resemblance  and  antagonism,  and  the  principles  of  therapeutics. 
On  the  other  hand,  this  plan  makes  heavy  <Iemands  on  the  attention 
and  skill  of  the  students.  Confusion  should  be  avoided  by  assigning 
the  work  in  advance  (see  page  790).  This  should  be  studied  before 
beginning  the  operation.  The  class  may  be  divirlcd  into  sets  of  six 
students,  numbered  from  A  to  F.  It  is  not  advisable  to  assign  less 
than  five  students  to  an  experiment;  if  the  class  cannot  be  divided 
evenly,  it  is  better  to  enlarge  the  sets.  The  student  should  remember 
that  the  subdivision  of  the  work  is  merely  for  the  purpose  of  con- 
venience. He  should  be  ready  to  co-operate  with  the  other  members 
of  his  set  in  their  duties,  and  he  is  responsible  for  tlieir  work  and 
observations,  as  well  as  for  his  own.  Where  several  sets  of  observa- 
tions arc  to  be  taken,  the  one  on  which  the  main  stress  is  laid  in 
the  exercise  should  receive  first  attention,  even  if  it  should  be  neces- 
sary lo  sacrifice  the  others.  Different  experiments  may  be  assigned 
to    the    different    sets.'     If    the    time    is    limited,    il    may    be    advisa- 

'  The  rxefci«*s  may  be  ajwiirned  n*  follows  (each  set  taWea  up  one  exercise); 
Firar.  dav,  K*erci*es   s8   ami    so    ($7^. 
Second  day,   Rxerciscs  61,  tij  and  63   (60). 
Third   day.    Exercises  65   and   67   (64  and  66). 
Fonrlh  day.   Kxercise  6q  to  73  {68). 
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ble  to  enlarge  on  ihis  principle,  and  to  further  subdivide  ihf  cxtrciwi 
amongst  the  sets;  each  set  doing  but  part  of  the  work.  The  difficQltj 
may  be  met  more  advantageously  by  preparing  and  operating  iht  ani- 
mals before  the  opening  of  the  class,  for  a  great  deal  of  time  an  be 
wasted  in  this  preparation.  The  animals  should  always  receive  thr 
morphin  a  half-hour  or  hour  before  they  are  to  be  used. 

There  should  be  a  demonstrator  for  at  most  two  sets.  He  should 
aid  in  the  arrangement  and  adjustment  of  the  apparatus,  call  alicntion 
to  the  prominent  features  of  the  experiment,  and  decide  wheti  to  [»ii* 
from  one  drug  to  another. 

The  details  of  the  experiments  should  be  recorded  in  cohtmn  iorm. 
as    indicated    in    the   exercises;    each   set    keeping   its    own   note*  4i4 
diagrammatic   or  blue-print    reproductions  of   the   tracing*     Tlic  c 
elusions  for  each  drug  should  be  briefly  summarized  at  the  end. 
controlled  by  the  results  of  the  other  sets.     The  demonstrator*  slwoM 
call   the  attention  of  the  class  to  typical  or  exceptional  results.    Ever; 
student    should   study   all   the  exercises  and   results,   including 
assigned  to  other  sets. 

The  apparatus  needed  for  these  experiment  will  be  found  in 
the  lockers  (Tables  XXII!  and  XXIV,  page  785).     Further 
should   be   kept  conveniently  accessible   to   the  operating  table 
XXV.  page  786).     T\^t  special  materials  (for  six  students)  are 
the  beginning  of  each  exercise.     They   should   also   he   pi*' " 
table.    The  reagents  which^  are  not  in  use   should  l>e  arr 
helically  on  a  side-shelf,  as  the  need  for  them  may  arist; 
(Table  XXVIII,  page  787).    The  students  should  keep  their  uWe^ini 
apparatus  clean. 

The  use  of  small  dogs  will  effect  a  considerable  saving  of  dnir^ 


EXERCISE   37  — INTERPRETATION    OF    BLOOD    PRESSURE 
(INTRODUCTORY). 

Changes  in  blood  pressure  may  be  either  cardiac  or  vascular   TV 

pressure-tracing  gives  a  very  imperfect,  and  often  erron-  '■"' 

sion   of  the   strength  of   the  heart-lteat.     It   is   ihcreforr 
distinguish    between   cardiac    and   vascular   change*   by   *Ii.. .; 
ments.     The   cardiac   effects   may   be    rcgiMered    with    the   m\ 
graph.    They  may  also  be  deduced  from  the  vein  pressure,  otu 
or  circulation  time;     These  \'ary  in  the  same  direction  an  ihc  ■''' 
pressure  if  the  changes   are  cardiac;  in  the  opposite  direction  1; 
arc   vascular.    Vascular  changes  may  also  be   distinguished  by  i^^^ 
inspection   (see  Exercise  51). 

If  the  changes  arc  cardiac  it  is  necessary  to  distingm'Oi  bftwten  »"• 
tions  on  the  cardiac  muscle,  and  on  the  nervou??  mechanisms  «*"™ 
and  peripheral.     These  were  discussed  in  Exercise  48. 

Vascular  changes  may  concern  the  arterial  muscle,  or  the  vaiww- 
strictor  or  va'iodilator  ner\'ous  mechanism.  The  vas^vdilator  «y<*e* 
is  only  important  in  a  few  situations,  which  are  not  sufficient  to  >^fj 
the  general  blood  pressure.  It  is  therefore  only  necessary  to  coti«w^ 
the  vasoconstrictor  nerves  and  the  muscle. 

Vasoconstriction. —  The  seat  of  the  stimulation  may  be 
^  1.  Central.— The  drug  has  no  effect  if  it  is  iniecied  after  <Ir^t''J^ 
tion  of  the  spinal  cord.     The  venous  pressure  and   voltmie  ot  the  H 
increases  if  the  drug  is  injected  after  section  of  the  sciatic.    tSr^n 
nin.  Caffein,  etc.) 

The  stimulation  may  also  be  rfHrx  (counterirritants)  or  frntn  r^* 
T-ulstons  or  asf*hyxia.  These  must  be  excluded  by  curate  *»*  *'**' 
ficial  respiration. 
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a.  Peripheral. —  (The    drug   is   cflFcctive   alter   destruction   of   the 

spinal  cord. J     The  siimulalion  may  be  in: 

r/u'  GangUa. —  The  drug  does  not  act  on  excised  organs.  If  the 
drug  slows  the  stream  through  excised  organs,  the  action  must  be 
either  on  the  etiditigs  (suprarenal)  or  on  the  tnuscU  fibers  (barium). 
The  distinction  between  these  is  not  easy.  If  the  endings  alone  are 
affected,  the  drug  will  not  act  on  every  organ,  and  it  will  fail  to  act 
after  apocodcin,  or  after  the  organ  has  been  excised  for  some  hours. 
If  the  effect  is  on  the  muscle,  it  can  be  obtained  in  all  organs,  and  for 
many  hours  after  removal   from  the  bc»dy,  and  after  apocodcin. 

Simultaneous  Action  at  Several  Points. —  The  above  experiments 
indicate  only  the  most  peripheral  structure  on  which  the  drug  acts. 
If  it  affects  a  peripheral  structure  and  the  center  simultaneously,  a 
positive  distinction  is  possible  only  by  maintaining  a  separate  artificial 
circulation  thrnugfi  the  center.  By  this  means  it  has  been  shown  that 
nitrites  paralyze  the  vasoconstrictor  mechanism  both  centrally  and  peri- 
pherally. These  experiments,  however,  are  so  complicated  that  they 
ire  open  to  fallacies. 

Vatodllation.— The  pjtralysis  may  be: 

I.  Central — Stimulation  of  the  peripheral  end  of  the  splanchnic 
nerve  raises  the  blood  pressure;  asphyxia,  or  central  stimulation  of 
the  sciatic  or  of  the  cardiac  depressor  does  not  alter  the  blood  pres- 
sure. The  paralysis  may  be  dtrect  (Chloral,  Chloroform)  or  reHcx 
(depressor  stimulation,  shock),  or  the  result  of  extreme  asphyxia  or 
anemia      The«se  must  be  excluded. 

J.  Peripheral. —  Stimulation  of  the  splanchnic  is  ineffective.  Paral- 
ysis of  the  stinglia  (as  by  nicotin)  is  excluded  by  stimulating  beyond 
them.  If  this  is  still  effective,  the  action  must  be  on  the  endings. 
muscle,  or  capillaries.  If  it  is  on  the  endings,  the  effect  of  suprarenal 
will  be  al>olished  or  diminished,  but  barium  will  still  be  effective. 
Paralysis  of  the  endings  is  produced  by  nitrites  (probably),  apocodcin, 
large  doses  of  ergot,  etc  If  the  muscle  is  paralyzed,  even  barium  will 
fail   to  produce   a   rise. 

With  arsenic,  and  some  other  metals,  there  is  a  fall  of  pressure,  of 
vascular  origin,  but  the  vasomotor  mechanism  responds  well  to  direct 
or  reflex  stimulation.  Their  action  is  on  the  capillary-walls.  Capil- 
lory  paralysis  is  also  characterized  by  greater  jiermeabilily  —  intra- 
venous injection  of  salt-solution  leading  readily  to  muscular  edema 
(M'agnus,   1899). 


EXERCISE  58  — EFFECTS   OF  ANESTHETICS  ON   BLOOD 
PRESSURE  AND  RESPIRATION. 

Study  in  connection  with  Chapter  XTX. 

This  exercise  has  the  purpose  of  demonstrating  the  ordinary  pheno- 
mena and  accidents  of  anrMhtsia.  and  their  treatment. 

Special  Materials  Needed.— Dog  (not  morphinized).  Water  bath 
with  large  bottles  of  normal  saline  at  40"  C 

Chloroform   (50  c.  c);  .Adrenalin,  i  :  i.ooo  (2  c.  c). 

Distribution  of  Work. —  (Sec  page  TQO). 

Students  A    and   B   lake  place   T:    C   and   n  =  TT:   K  and    K  =  TTT 


(respiratory  tracing  and  rate), 
experiments   (Exercise  $6). 


£  and  F  may  also  do  the  anthelmintic 
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Observations  Required. — 


Date: 
Weight: 


Animal : 
Sex: 


Age: 
Abnomiaiitjn: 


Record  the  results  in  column-form,  as  follows  (the  nunben  u 
parenthesis  refer  to  tiie  place  to  which  these  observations  irt  u* 
signed) : 


Time. 


(I) 


Drug. 


(I) 


O  -; 

r»^^o      Strength     *-  ^  HtAti 

per  Kg.    SoLirnov.     %.t     and  SirenRlii 


(I) 


(I) 


(I) 


m 


Blood  Pressltre. 


SS 


0-.CU 

(H) 


GO'S    E-2; 


RE^rrRATlON 

utR^Ate,  Strength,  Trac- 
ing Number. 


(lit) 


Remauu. 


(Ill) 


Conchisions    from    individual    ex-       Conclusions  from  cUsS'Woric: 
perimcni : 

'  Hvpodennic  ..  H;    Intravenous  =^ V. 

'  VVhether  moderate,  weak,  or  exagBeralcd. 

The  principal  stress  should  be  laid  on  the  blood  pressure  inonl 
and  the  direct  observation  of  the  respiration.  The  respiratory  iracflJi 
must  not  be  allowed  to  interfere  with  other  observations. 

Experiments.—  (Arrange  the  apparatus  for  the  blood  pressure  i» 
respiratory  tracings  and  the  iiijeclion  burette.) 

I.  Preliminary  Observations. —  Make  a  set  of  ohseiratinns  ..r  'V 
normal    animal     (which    should    be    quietened    us    much 
(Note  that  the  heart  is  markedly  faster  in  inipiration  tli. 
tion  —  the  hlnod  pressure  is  also  higher  in  inspiration.) 

I.  Ether  Anesthesia. —  Pour  a  lablespoonfuJ  of  ether  on  a  spoflfr* 
fold  over  this  a  towel  in  several  layers,  and  apply  it  closely  w  w** 
moulh  of  the  dog,  excluding  the  air.' 

Notice  that  there  is  considerable  struggling  at  first;  the  aniinil  lha 
becomes  quiet,  and   the  legs  drop  limp  if   they  are  lifted:  the  wraca 

remains  sensitive.     Tie  the  dog  to  the  board.     Insert   '^ ."".«1»  'nl<i 

the  trachea,  and  into  the  central  end  of  the  carotid  ;■  • 

vein  {see  page  807).     Give  ether  by  Woulf's  bottle      '.  . 

pressure  and  respiratory  tracings.  Take  normal  tracings  and  a  *«•''' 
observations:  The  typical  clher  anesthesia  shows  a  slower)  .inH  d»i-. 
low    respiration    (depression  of  respiratory    center):    tn*'  ' 

blood  pressure  (depression  of  vasomotor  center)  :  and  q^ 
(depression    of   vagus   center)    with    practically   undiminishc-;  »iu-*''* 


*  TliP   anc«lhcHxcr   thouM    not    withilrjiw    hi»   attention    f  n"»tO    llw    •T>Tk   •'    .  . 
out   the    experiment.      He    «houM    watch    the    rr«piration   ami    he*rt    eloael;.   *»" 
move  the  anr«tbetic  with  ttir  fint  sifcn  of  failure  of  thr»e  fitnctiool.     If  <^  '^^ 
ration  is  rapid,   the  anesthetic*  must  be  lessened. 
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!ats  (Fig.  SaC.  page  4J0).    Expose  the  vagus  (see  page  808)  and 
sciatic    tsee  page  8c>^). 

(S'umbt'rs  2  and  i  ttiay  be  omitted  if  they  hqie  been  performed  satis- 
factorily in  tli^  pftysiology  course.} 

3.  Stimulate  the  vagus  with  weak  tetanizing  shock.t.  taking  tracings 
and  observations:  The  heart  is  slowed,  the  press^ure  falUng  in  conse- 
quence. The  respiration  is  increased.  Strengthen  the  current :  the 
heart  is  arrested,  the  pressure  falling  further.  The  respiration  stops 
in  the  inspiratory  phase.     Let  the  animal  return  to  normal. 

4.  Stimulate  the  Sciatic. —  The  respiration  is  considerably  in- 
crca'ied,  ;jnd  the  blood  pressure  rises  (stimulation  of  the  respiratory 
and  vasomotor  centers). 

5.  Chloroform. —  Take  a  set  of  observations.  Let  the  animal  in- 
hale chloroform.  Note  that  the  respiration,  pressure,  and  strength  of 
heart  arc  diminished  (Fig.  82.  page  430),  whilst  the  heart  rate  is  often 
increased  ( depression  of  the  respirator>',  va-^nmotor  and  vagus  cen- 
ters, and  cardiac  muscle).  Pu^h  the  chlurcform  until  the  respiration 
stops;  the  pressure  and  heart  arc  low.'  Stimulate  the  central  end  of 
the  sciatic  or  let  the  animal  inhale  some  ammonia.  This  may  revive 
respiration  {reHex  stimulation).  If  it  is  not  efftrctive.  proceed  quickly 
to  the  next  number. 

6.  Perform  artificial  respiration.  Note  that  the  blood  pressure  can 
be  altered  at  will  by  chani^inf?  the  efficiency  of  the  respiration. 

7.  Resuscitation,  Cardiac  Massage. —  Discontinue  the  artificial  res- 
piration, and  administer  chloroform  until  the  heart  stops  (Fig.  81.  page 
429).  Begin  at  once  artificial  respiration,  together  with  cardiac  mas- 
sage, i  e..  with  strong,  rapid,  rhythmic  compression  of  the  thorax  (rate 
of  at  least  80  per  minute).  This  must  be  done  very  vigorously.  Ob- 
serve on  the  tracing  that  an  artificial  circulation  can  be  kept  up  in 
this  manner  If  the  animal  does  not  revive  in  two  minutes,  continue 
the  procedure,  but  inject  at  the  same  time  into  the  vein  I  c.  c.  of 
I  :  1.000  adrenalin  in  50  c.  c.  of  warm  saline.  The  animal  will  probably 
revive,  since  the  suprarenal  raises  the  blood  pressure  by  stimulating 
the  heart  and  the  blood  vessels  ( Figs.  63,  page  280.  and  64.  page  200). 

8.  Asphyxia. —  If  the  animal  survives  withdraw  the  anesthetic 
(using  artificial  respiration  as  long  as  nccessar>)  until  the  anesthesia 
is  but  slight.  Study  the  effects  of  asphyxia  by  tying  the  trachea: 
The  respiration,  especially  the  inspiratory  eflforls,  will  first  be  increased 
(dyspnea,  stimulation  of  the  respiratory  center)  ;  then  it  will  be  less- 
ened, with  rare,  gasping,  powerful  respiratory  efforts  (depression  of 
center);  the  blood  pressure  (Fig.  47,  page  151)  will  rise  during  the 
dyspnea  (stimulation  of  vasomf>tor  center),  and  will  then  fall;  the 
heart  rate  is  greatly  slowed,  with  typical  strong  vagus  beats  (stimula- 
tion of  vagus  center).  During  the  dyspnea,  the  animal  makes  con- 
vulsive movements  and  the  pupils  dilate  (stimulation  of  the  cor- 
responding centers).  The  pupils  contract  again  when  the  paralysis 
occurs. 

g.  Apnea. —  Keep  up  a  brisk  artificial  respiration  for  a  few  minutes. 
Stop  suddenly,  and  observe  that  the  animal  does  not  breathe  for  some 
time,  the  circulation  being  gnod.  This  apnea  is  due  to  the  fact  that 
there  is  not  enough  CO3  in  the  blood  to  stimulate  the  respiratory  cen- 
ter to  its  rhvlhmic  activity. 

10.  Death  by  Chloroform. —  Kill  the  animal  by  chloroform,  taking 
tracing.    See  that  respiration  stops  before  the  heart. 


'  The  immediate  catue  of  drath  in  chloroform  anr»tlir«i«  Is  usually  failure  of 
rrspiration;  but  if  thr  va|)or  is  very  concentrate«t,  Hrath  may  occur  before  ih* 
aneathrsia  is  complete,  through  ^toppa^c  of  the  heart.  1>y  a  trcRcminiu-vaiUS 
rcllrx:  or  by  direct  paralysis  of  the  cardiac  muscle  (Fig.  Si,  page  4>9>> 
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Excise  the  suprarenals,  cut  them  up,  and  place  in  lo  c-C.  of  50% 
glycerin  for  future  u»e. 

Excise  the  intestines  and  split  open  and  collect  the  parasites  and  per- 
form Exercise  56. 

Summansr  the  effects  of  asphysia  attd  carbon-monoxid,  Chafur 
XXXyJIL  No.  S3. 


EXERCISE  59.— EFFECTS  OF  DRUGS  ON  THE  CIRCULATION 

(VASOMOTORJ. 

Special  Materials  Needed: 

Morphinized  dog. 

Stephen    Hale's   Manometer   (sec  page  815). 
Amyl  Nitrite   (5  c.c.};  Adrenalin,  i  :  t,ooo  (5  C-c);  Erg(< 
(25    c.  c.)  :    Hydrastis,    2%,    fihered     ( 15    c.  c) ;    Hydra«l_. 
hydrochlorid,  Vi»%   C15  c.c);  Aconite^  10%   (5  c.c):  Phenol, 
1%    (50   c.c);    Sodium    Sulphate,    2%   of   dried    (400  cc}. 
Strychnin  '^ah,  Vi«'*>^   (to  c.c);  '/«%   (10  cc). 
DUtribution  of  Work    (see  page  790): 

Students  C  and  D  take  place  I;  E  and  F  =  1I;  A  and  B  =  IIt 
Observation  of  respiration ;  myocardiogram,  oncomclcr,  or  vao* 
manometer  (one  of  these  being  assigned  to  each  set). 


Observations  Required: 

Date:  Animal 

Weight :  Sex : 


Age: 
Abnormalities; 


H 


BUX>0   PK££6lTn. 


Time. 


Dnin:. 


Dose 


Stkenctb 


P'^^S-   Solution. 


CI> 


Heart 

Rate.  Regularity, 

Trac.   No. 

and  Strength. 


Resptuation. 
Rate.  Strength 


^£ 


(H) 


ni 


Conclusions    from    individual    ex- 
periments : 

The  principal  strese  lies  on  the  Mood  prc*«ure  tracinR,  and  the  Otb^ 
expcrinitrus  mu^t  nrtt  he  permitted  to  interfere  with  thi«. 

Preliminary  Operations. —  Arrange  for  carotid  tracing  atw!  W 
myncardiogTam,  vein-prc^surc.  or  oncometer.  Weigh  the  d<^  Anes- 
thetize.    Insert  cannuUc  into  trachea  and  central  end  of  carotid  irto? 


I_^ 
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and  femoral  vein  (both  veins,  i(  the  vein-pressure  is  to  be  taken). 
(Expose  the  kidney,  spleen,  or  intestine  —  if  oncometer  is  to  be  used; 
sec  page  817.^  Connect  for  tracing's  and  intravenous  injection.  Make 
preliminary  observations  and  take  normal   tracings. 

Experiments. —  One  of  the  sets  should  make  experiments  t  and  a 
with  the  Stephen  Hale  manometer  (page  815;,  then  continue  with 
mercurial  manometer  and  tracings. 

I,   Amyl  Nitrite,— t  Tig.  83,  page  472;  sec  Chapter  XXI.) 

Let  the  dog  inhale  a  little  Amyl  Nitrite  through  the  tracheal  can- 
nula. Considerable  fall  of  blood  pressure  and  increase  of  vcin-pres- 
suT<:  and  oncometer  (vasomotor  paralysis);  and  some  quickening  of 
the  pulse  ( vagus  depression ) .  Respiration  usually  increased.  The 
effects  pass  off  rapidly  when  ihe  administration  is  discontinued.  Other 
nitrites  and  niiroglycerin  produce  similar  effects. 

If  the  vagus  was  depressed  before  the  nitrite  was  given  —  as  de- 
noted by  fast  ptilsc  —  there  may  not  he  any  further  quickening. 

J.  Suprarenal  (  Fig.  6i,  page  289:  Chapter  Xlll).—  Inject  the  supra- 
renal solution  intravenously  (either  the  solution  prepared  in  the  pre- 
ceding experiment  or  adrenalin  (5^  c.  c.  per  Kg.  of  Vii«»%).  Rise  in 
blood  pressure  and  fall  in  vein-pressure  and  oncometer  (peripheral 
vasoconstriction);  slower  pulse  (vagus  stimulation)  and  stronger 
heart  ( stimulation  cardiac  muscle )  ;  respiration  usually  increased 
(higher  blood  pressure?).  Cardiac  slowing  often  precedes  the  ^'aso- 
constriction.     Note  that  the  effects  disappear  rapidly. 

Xvt  to  be  Done  by  Class. —  The  slowmg  disappears  largely  on  divid- 
ing the  vagi  (hence  stimulation  is  central) ;  the  rise  of  pressure  occurs 
after  section  of  cord  ( hence  peripheral ) ;  the  action  disappear?  as 
rapidly  if  the  ureters  are  tied  (not  due  to  rapid  excretion)  :  the  action 
reappears  if  a  further  dose  is  administered  (hence  not  fattg\ie,  but  de- 
struction of  the  poison). 

The  n'en  sets  proceed  with  No.  $:  the  odd  sets  with  $a  or  jb. 
All  sets  continue  xvith  No.  4  to  the  end. 

J.  Ergot  (Fig.  90,  page  502;  Oiapter  XXIII). —  Intravenous  infec^ 
/io«.— Inject  intravenously  0,04  Cm.  X  Kg.  (2  c.  c.  X  Kg.  of  2%) 
fluidextract  of  ergot:  Sudden  and  large  fall  of  blood  pressure,  fol- 
lowed by  prompt  recovery  and  generally  a  slight  and  short  rise  above 
normal. 

During  the  fall,  the  heart  is  weakened  and  quickened,  and  the 
oncometer  is  diminished.  The  fall  is  therefore  due  to  weakening  of 
the  heart.  During  the  rise,  the  heart  is  strengthened;  the  oncometer 
may  increase  or  remain  stationar>'-  The  rise  is  consequently  due  to 
strengthening  of  the  heart,  with  some  vasoconstriction. 

During  the  fall  the  heart  is  quickened  and  the  respiration  increased. 
This  is  due  to  the  low  blood  pressure.  The  cardiac  effects  can  be  re- 
produced on  excised  hearts  and  are  therefore  direct  actions. 

The  fall  of  pressure  is  not  seen  when  the  ergot  is  injected  snbco- 
taneously  or  into  the  muscles. 

3a.  Hydrartl*.—  (Therapeutic  dose) :  Inject  intravenously  0.02 
Gm  X  Kg.  (i  c.  c.  XK^.  of  2%.  filtered).  Short  fall  of  pressure, 
followed  by  persistent  rise.  Both  phenomena  are  in  part  cardiac,  in 
part  vascular.     The  oncometer  results   arc  therefore  variable. 

3b.  Hydrastinin.—  (Therapeutic  dose)  :  Inject  intravenously  1  mg, 
X  Kg.  (t  c.  c.  X  Kg.  of  '/i«%)  of  the  hydrochlorid:  Rise  of  pressure 
and  increased  strength  nf  heart. 

4.  Aconite  (Therapeutic  Dose). — Inject  into  vein  a  therapeutic  dose 
of  aconite.  0.015  (im.  per  Kg.  (0.15  c.  c.  per  Kg.  of  10%  tincture): 
Slight  slowing  of  the  heart  ("vtimulation  of  vagus  centers)  or  no  effect 
ilion  incrcfi^rH   (-itimtilatinn  of  center). 
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The  sets  zvith  odd  nutnbers  zvill  proceed  lo  numbers  5  and  6:  tk 
with  even  numbers  to  j  and  S.     All  will  remove  the  suprarrnaU  15) 
All  accessory  apparatus  should  bf  removed,  and  the  animal  board  pi 
on  a  separate  table   (so  that  the  convulsions  will  not  jar  the  ilruml 

5.  Carbolic  Acid  {Fig.  78.  page  361;  Chapter  XVII).— Injrft 
vein  a  loxte  dose  of  Phenol,  50  mg.  per  Kg.  (5  cc.  per  Kg,  o(  \^) 
Collapse:  Pressure  falls  t vasomotor  and  cardiac  paralysi-  Iwns  f 
and  small  (cardiac  depression)  ;  respiration  lessened  *  ' 
center)  ;  convulsive  (stimulation  spinal  cord).  Try  (o  <  ' 
of  convulsions  on  blood  pressure  ( rise).  When  the  prc»u(c  v-ai 
fallen  low  (repeating  J/^  the  dose  in  10  minutes  if  necessary^  injcn 
quickly  into  vein. 

6.  Sodium  Sulphate.  50  c  c.  per  Kg.  of  2%  (dried). —  The  functioiis 
may   return   rapidly  lo  normal   (stimulation). 

7.  Strychnin  (Fig.  46.  page  149:  Chapter  VIII). —  Inject  h.. 
mically  the  therapeutic  dose  of  sfryehnin  sulphate,  0,07  tng  per  K^ 
(0.7  c.  c.  of  Viw% )  :  some  increase  of  respiration  (central  stimuUtioii) 
(Fig.  46,  D>  ;  circulation  little  changed. 

8.  Inject  hypodcrmically  the  tetanic  dose  of  strychnin  sulfthetf,  o^: 
mg.  per   Kg.   {%  c.  c.  per  Kg.  of  Viii%).     If  no  tetanus  occiinr  it* '? 
minutes    repeat   one-half   this   dose.      (The   dose    which    is  adv'f' 
tetanic  in  normal  dogs,  but  the  effect  may  he  diminifthed  by  thr  .: 
thesia. )     Before  the  onset  of  the  tetanus,  the  respiration  is  mcrw-rt. 
but   the   circulation   is    little   aUered.     With    the    sudden   onset  of  tl'^ 
tetanus,   the   pressure   rises   abruptly    (central    vasomotor   5ttmnUti'>n| 
and  then  falls  with  the  cessation  of  tlie  spa^m,  tp  a  point  can»iiJcn 
below  normal   (central  vasomotor  depression)  :  the  heart  is  qtnck  dtrt^ 
ing   the   spasm   (inhibition  of   vagus);   slow   and   strong  after  iviSU^ 
stimulation).    The   respiration   is   rapid   during   the   tetanus,   dfpT** 
in  the   intervals.     Note  that  the  spasms  can  be  brought  on  by    1 
the   table,   or   by   blowing   on   the    animal     The    spasms    l»ccor 
cessively  weaker,  and  the  blood  pressure  does  not  rise  so  high 

sion  of  the  convulsive  and  vasomotor  centers).  The  hean  i 
rapid  (depression  of  vagus  center)  but  strong.  The  respirati"! 
(paralysis  of  the  center),  and   the  pressure   falls.     Besin  artifios'  •■ 

piralion  at  once:  the  animal  can  he  kept  alive  almost  ind-^f* ' 

heart  and  respiration  remain  fairly  good.  Note  that  the  v 
with  the  efficiency  of  the  artificial  respiration.  Let  iIk 
"Sole  the  early  onset  of  rigor  (due  to  tetanus). 

9.  If  the  anthelmintics  were  unsatisfactory  in  ihe  preceding  <iEP<^ 
ment,  they  may  be  repeated.  Excise  the  suprarenals,  cut  them  uf<  '^ 
extract  with  10  c.  c.  of  50%  glycerin,  for  future  eitperimems. 

Summorire  the  effects  of  ergot  and  phenol  in  Chapter  A'.VA't'/'. 
Nos.  rO  and  ij ;  hydrasfis  and  hydrasttnm,  Sos.  S7a  and  ^ 


m 


EXERCISE  60.— CHANGES   IN  RESPIRATION   (INIRO- 
DUCTORY). 

I,  Stimulation  of  the  Respiratory  Center  may-  be  due  to; 

(A)    Insufficient   Oxidation  of  the  Blood: 

I.  Through  mechanical  hindrance:    The  volume  of  air  >' 
correspond  to  the  violence  of  the  effort.    The  obstruction  ma> 

(fl)  }fucus:  Rales. 

(Pilocarpin.) 

(h)  Constriction  of  thr  bronchial  muscle*  The  latter  nwy  bf  ^"^ 
or  re^ex.  Reflex  stimulation  would  be  abolished  by  wttion  of  » 
vagi. 


EX. 


A??B>OI  :    RESPIRATION. 


a.  Through  changes  in  the  circulation:  inefficient  work  of  the  heart 

vasodilatation. 
(Cardiac  depressants.) 

3.  Through  chemic  changes: 

(0)  Jn  the  blood  (as  Mcthemoglobin  formation,  cyanids.  etc.). 
(b)   Increased  tissue  waste:  Increased  COi  and  N  excretion. 
(Hyperpyrexia.) 

<B)   Reflexly  from  Pain  or  Convulsions. 

(Strychnin  ,) 

(C)   Direct  Stimulation  by  the  drug:  shown  by  exclusion  of  the 

above.     The  respiratory  reflexes  arc  unusually  active. 
(Strychnin,  Caffcin,   Ammonia.) 

II.  Diminished  Respiration  may  be  from: 

CA)   Paralysis  of  the   Muscles  or   Endings:    Stimulation   of  the 

muscle  or  of  the  phrenics  not  effectual. 

(Curare.) 

<B)    Apnea;  disappears  in  a  short  time. 

(C)  Paralysis  of  the  Center: 

/.  Through  Anemia:     Disappears  if  the  aorta  is  clamped* 

(Nitrites.) 

J.  Direct:  Through  exclusion.  The  paralysis  may  be  primary 
(Ether),  or  it  may  be  secondary  to  asphyxia;  1'.  e.,  preceded  by  dyspnea 
(CO). 

S.  ReHexly:     Irritant  vapors. 

(Ammonia.) 


EXERCISE  6r.— EFFECTS  OF  DRUGS  ON  RESPIRATION. 


^K    Special  Materials  Needed: 

^B  Rahhft. 

^^K  Feeding-tube  and   bulb;  pneumograph    (gas  meter). 

^^B  Urethanc,    20%    do   c.  c);    Ammonia    water    (5   C.C.);    Caffein 

^H  1%   (10  cc);  Heroin  hydrochlorid,  V««%    (S  c. c):   Morphio 

^^V  salt,   \%    (5  c.  c.)  ;   Airopin  sulphate.  1%    {5  c.c.);  Strychnin 

^■^  salt,  7.*.%   (10  cc):  Vi«%  (20  cc). 

I  Distribution  of  Work    (see  page   790): 

Students  E  and  F=^ place  I;  A  and  B  =  respiratory  tracing;  C  and 
D  =  place  III. 

The  different  sets  may  employ  different  recording  methods ;  but  it  is 
essential  that  the  trachea  is  left  intact  for  No.  2;  while  No.  9  should 
be  taken  from  the  tracheal  cannula. 

One  of  the  sets  may  take  pncumograms  from  a  non-anestheti«ed 
rabbit   (see  page  ooo),  using  drug  Nos.  2  to  7. 

Another  set  may  measure  the  volume  of  the  expired  air  with  a 
gas-meter,  instead  of  taking  tracings.  The  animal  is  anesthetized,  and 
the  tracheal  cannula  connected  with  the  meter,  interposing  a  valve  to 
separate  the  inspired  and  expired  air.  A  reading  should  be  taken 
every  five  minutes.  The  drugs  3,  5.  6»  and  7  may  be  used  in  suc- 
cession. 


9l8  OPERATIVE   WORK   ON    HAMUALS.       CHAP.  XXZ\U 

Obscrvationi  Required: 


Dale: 
Weight 


Animal. 


AoDOCVMultlCS ' 


TiMt 


Drug. 


Dose 
per  Kg. 


STnxcra    ^s 
SounnoM.    a^ 


(I) 


Respiration. 

Rate,    Strength.   Trac   No. 

UI) 


RSMAUU. 

(HI) 


Conclusions    from    individuRl    ex- 
periments : 


Coadtttions  ffroa  dass-woik; 


I 


Pulse  and  pupils  when  asked  for.  If  the  rrspicstiaa  vtopit  wi*'^ 
wheth<^^  thi<  is  in  the  inspiratory  or  expiratory-  phase. 

Preliminary  Operations. —  Arrange  for  respiraborir  tradttg.  ^1^ 
the  animal.  Administer  075  Gm,  of  urctliasie  (>5  c  c  of  aA)  f 
Kg.  by  rectum  (see  page  804).  Complete  anesthesia  in  fifrtfti  nm- 
ntes  by  ether,  if  absolutely  necessary.  Expose  sciatic  and  v«<«  ^^ 
page  8og).  The  sciatic  is  only  needed  if  No.  1  n  to  be  Acme  C^ 
vcd  for  respiratory  tracing.    Take  normal  rale  asd  tracing. 

Experiments — i.  Take  preliminary  tracip^  StimmhU  thf  MP* 
amd  thtr  sciotii  '  with  weak  and  strong  tctamcmg  ri>oclcs»  tilaaf  ^' 
ings  and  observing  whether  the  heart  is  marketKy  slowed  (Ctaf^ 
page  qt.%.) 

a,  AmnoBia  laluUtion.—  (Chapter  XXVTTI)  —  Let  the  rhpiI  v 
hale  ammonia.  Notice  respiratory  siantKiill  and  stoppage  of  tkt  hB^ 
(reflex  stimtifation  of  \-aga5  center  by  irritation  of  the  trip**'' 
ending?)  If  the  animal  is  not  too  deeply  aneUlictind.  ft  wtU  i^} 
recovrr  and  struggle.  On  removing  the  ammonia  the  rrj^nrtjoa  a 
increased   (dyspnea)  and  the  bean  resmnes.     Perform  trarhrohiW 

Tke  rtvn  irts  xviJi  do  Exfmmunis  j  tmd  4.  th^  odd  uti  5  ^  ^ 
,4tl  stU  U'in  ff^^ceed  with  Es^^rimmt  7  to  tkt  tnd. 

3.  Caffda  tFigv  48,  page  i6ji.  and  5a  page  165;  CHaptrr  Villi -- 
Inject  hvp^ermically  30  mg.  per  Kg  of  Caffeto  <j  c  c.  per  Kl*  " 
l%>:  The  respiration  increase^  ard  the  anona]  may  cgoK  parttf  ^ 
of  (hf  :iT»r^thetiv   (^tlmtilaiion  of  the  respiratory  "nd  other  center«^^ 

4.  Heroin  <Oiapter  IX). —  Inject  hypudaimcany  a5  mg.  P^*" '^ 
of   Heroin   hydrochlorid    (as   cc    per   Kg.   of  V-%   iltttioo).   i" 


1  TVs  «Mf  tw  ottitted  if  the  expcrineot  ba*  beca  iwifimwJ 


EX.    6 1  :    RESPIRATION. 
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rate  of  respiration  is  slowed,  but  the  inspiratory  excursion  is  increased 
(peculiar  depression  of  the  excitability  of  the  respiratory  center). 

5»  Morphin  (Chapter  IX). —  Inject  hypodcrmically  jo  mg.  per  Kg. 
of  Morphin  sulphate  (i  c.  c.  per  Kg.  ot  i%>.  Respiration  becomes 
slow  and  shallow    (depression  of  rifspiratory  centers). 

6.  Atropin  (Fig.  55Q  page  230;  Chapter  XI>. —  Note  the  pupils. 
Sec  that  stimulation  nf  vagus  slows  the  heart.  Inject  hypodermically 
5  mg.  per  Kg,  of  Atropin  sulphate  (Vj  c.  c.  per  Kg.  of  1%).  Rate 
and  strength  of  respiration  increased  (sliniulation  of  respiratory  center 
—  antagonism  to  morphin).  The  pupil  dilates  (paralysis  of  oculomotor 
endings).  Stimulate  the  vagus:  The  heart  is  not  slowed  (paralysis 
of  the  vagus  endings). 

7.  Strychnin  (Fig.  46D.  page  14Q;  Chapter  VIII).— Inject  hypo- 
dermically 02  mg.  per  Kg.  of  stryck$titt  sulphate  —  therapeutic  dose 
(2  c.  c.  per  Kg.  ot  '/io»%)  :  Increased  respiration  (stimulation  of 
respiratory  center).  Reflexes  increased  (increased  excitability  of  spinal 
cord ) . 

«,  Convulsive  and  Tetanic  Doses  of  Strychnin.— (Take  respira- 
tory tracing  from  the  trachea.)  After  ten  minutes  inject  0.5  mg.  per 
Kg.  of  strychnni  (Vi  c.  c.  per  Kg.  of  '/«.%),  and  repeat  every  five 
minute*)  until  death.  In  the  convulsive  stage  (i.  e..  before  tlie  tetanus 
is  complete)  the  respiration  is  markedly  increased.  It  is  fixed  during 
the  tetanus,  depressed  between  the  spasms.  It  stops  before  the  heart. 
Notice  the  asphyxial  dilatation  of  the  pupils. 

In  non-anesthetized  rabbits,  the  convulsive  dose  of  strychnin  is  0.3 
mg.  per  Kg.;  the  tetanic  dose,  0.4  mg. ;  the  just  fatal  dose.  0.57  mg. 
per  Kg.  A  much  larger  quantity  is  required  after  urethanc  (how 
many  times  larger,  in  your  experience?). 

9.  Notice  the  early  onset  of  the  rigor  mortis.  Excise  the  supra- 
rcnals,  cut  them  up,  and  place  in  10  c.  c.  of  50%  glycerin. 

Summarizr  the  effects  of  Ammonia  an-d  Morphin  in  Chapter 
XXXyill,  Nos.  18  and  19. 


EXERCISE    62.— CIRCULATION    AND    RESPIRATION 
(DIGITALIS) 

Special  Materials  Needed: 

Morphinized  dog;  water  bath. 

Warm  Normal  Saline  (400  c.  c):  Ammonium  Chtorid.  1%   (aoo 

c.c):   Litmus  paper:   Digitalis,   fresh  4%  infusion    (50  cc); 

Strophanthus.  Vi.i%   (50  c.c);  Caffein,   1%   (10  c.c). 

Distribution  of  Woric    (see  page  790V 

Students  A  and  B  =  place  I;  C  and  D^II;  E  and  F=^HI:  respi- 
ratory tracing  or  oncometer  in  Nos.  i  and  J ;  myocu'diogrant  or  on- 
cometer in  3  and  4. 
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OPERATIVE   WORK   ON    MAMMALS.       CHAP.    XXXVE\. 


Observations  Required: 

Dale :  Animal 

Weight :  Sex : 


Age: 

AbnormaIiti«: 


Time.      Drug. 


Dose 


BijooD  Pkcsslil 


p'^Kg.  s„,>; 


Strength 

OF 
TTION. 


u  O 


si 


ee.r-  ^ 


.     3 
tt  v. 


(I) 


M     ^     £      ft 

(U) 


Heart  w 

Rate.  Regularity,        S! 

Trac.  No.,  § 

and  Strength.  ^ 

O 


Respiration. 

Rate,  Strength. 

Trac.   No. 


Remarks. 


(HI) 


Conclusions    from 
pcrimcnts : 


individual    ex-       Conclusions  from  class-work'. 


The  m:iin  stres*?  should  he  laid  on  the  blood-pres^nrc  fracinft- 

Preliminary  Operations. —  Arrange  for  blood  pressure  and  mj 
diac  tracing.  aUo  respiratory  tracing  or  oncometer.     Weigh  wA  «fi' 
ihctire    the    animal.     In-ier!    cannula?   into    the    trachea,   carotid  «rt 
and  femoral  vein   (central  end).     (Expose  kidney,  spleen,  or  intfjtij* 
for  oncometer,  if  desired;  small  incision).     Connect  for  iracinp    T«»' 
normal   nbserv.ilion!*  and  lrai*ings. 

Experiments.— I.  Saline  Injection.— 5/oorf  pressure  (Rcspiraoc* 
or  oncometer). — (Chapter  XXIV.)— Take  a  normal  tracing.    '"J'^Tj 
travenously  25  c.  c.   per   Kg.  of  warm   Normal    Saline.     Rise  of  p'o* 
pressure,  stronger  and  usually  slower  heart,  increased  on--"^^'-!^^  '^"'^ 
respiration      The  effect  i<i  usually  short,  and  may  be   sm 
if   the    animal    is    in    good    condition,     ( Stimulation    of    t! 
centers  and  cardiac  muscle  by  the  increased  quantity  of  1 
salt   action.)     Exceptionally,  the  results  may  resemble  il;- 
Exercise   59.   No.  3 

a.  Ammonium   Chlorid.— B^»orf  pressure    (Respiration  or  '^'^ 
eter). —  ( Fig.    92,    page    559;    Chapter    XXV.)  — Inject    i 
0.15   Gm.   per  Kg.   of  Ammonium  chlorid    (15  e.  c  per    1 
Rate   and    force  of   respiration    increased,    blood    pressure   ..- 
variable    (stimulation    of    mcdnllary    centers).     Respiratory   ""^  ' 
increased    (heightened   excitability  of  vagus   center),     Hold  rp'^i;'  ^ 
litmus  paper  over  respiration  tube;  it  is  not  blued    (ammonis  u  ** 


EX.  62;  BLOOD  PRESSURE  AND  RESPIRATION.  92I 

excreted  by  lungs).    The  ammonia  effect   is  quite  short    (rapid  elim- 
ination and  destruction). 

Connect   for  niyocardiogram    (page  559). 

Most  of  the  sets  do  Experiments  i  and  5;  a  few  do  4  and  S. 

3.  Digitalis. —  Blood  pressure  (^lyocardiog^am)*  (Fig?;.  85  and  86. 
pases  480  and  4^r.  Chapter  XXH.) —  When  the  conditions  have  returned 
to  normal,  inject  intravenously  0.04  Gm.  per  Kg.  of  digitalis  (1  c.  c. 
per  Kg.  of  fresh  4%  infusion).  Therapeutic  stage  of  digitalis  action: 
Heart  slowed,  beats  stronger  (stimulation  of  cardiac  muscle  and 
vagus);  blood  pressure  high  (cardiac  effect  and  vasomotor  stimula* 
tion;  respiration  increased  (stimulation  of  center)  (Fip.  85,  b.  and  c.\ 
Fig.  86.  b).  When  this  action  has  been  observed  (waiting  30  minutes 
if  necessary),  repeat  the  injection  every  fifteen  minutes  until  death: 
Toxic  stage  of  Digitalis.  The  effects  of  toxic  doses  of  digitalis  on 
the  circulation  t  Eig.  85.  d,  and  Fig.  86)  are  extremely  irregular,  and 
may  vary  from  moment  to  moment.  The  rale  is  generally  increased, 
but  may  be  slowed  at  times.  The  irregularities  usually  occur  in 
groups  {see  the  figures):  these  are  partly  due  to  the  influence  of 
respiration  (the  reflex  excitability  of  the  vagus  being  heightened). 
partly  to  arhythmia  of  the  auricles  and  ventricles.  The  effects  are 
based  on  an  increased  excitability  of  the  cardiac  muscle  with  systolic 
tendency  (consult  Exercise  48),  and  on  irregular  activity  of  the  vagus. 
Death  occurs  suddenly,  sometimes  by  v'agus  stimulation,  as  in  Fig.  85, 
but  more  commonly  by  delirium  cordis,  the  result  of  over-stimula- 
tion of  the  heart.  The  blood  pressure  may  remain  high  until  the  end, 
or  it  may  fall,  according  to  the  output  of  the  heart  and  the  per- 
sistence of  the  vasoconstriction. 

4.  Strophanthus. —  Blood  pressure   f  Myocardiogram). —  The  eflfects, 
correspond  to  those  of  digitalis  (3),  except  that  the  va.soconslriction  is 
relatively  less  prominent.     Inject  0.0015  Gm.  per  Kg.  (1.5  c.c  per  Kg. 
of  I   ;  1.000)   and  repeat  as  with   digitalis. 

5.  Caffein  Rigor  (Chapter  VIII). —  Inject  10  c.c.  of  1%  caffein  into 
the  peripheral  end  of  the  femoral  arter>'.  Observe  that  this  leg  goes 
into  rigor  before  the  other  (drug  rigor). 

Excise  the  suprarenals  and  place  in  10  c.c.  of  50%  glycerin. 
Summarise  the  effects  of  Ammonium  Chlorid  in  Chapter  XXXVIU, 
No.  20. 


EXERCISE  63.— EFFECTS  OF  DRUGS  ON  HEART  AND 
BLOOD  PRESSURE. 

Review  Exercise  48. 

Special  Materials  Needed: 

Morphinized  dog. 

Sodium  chlorid,  1%  (50  c.c.)  ;  Magnesium  sulphate,  36%  of  the 

salt   dried   at    no*"    C.    (50  c.c);    »/3%   of  Curare    (20  c.  c); 

Strychnin    salt,   7™%    (5    cc);    Caffein    salt.    t%    (25    c.c); 

Potassium  Chlorid,   1%    (50  cc);   Adrenalin,  V«%   (2  c.c); 

Aconite,  10%   (50  cc);  Veratrin  1%  (25  cc). 

Distribution  of  Work  (see  page  790)  ; 

Students  C  and  D  =  place  I;  E  and  F^II,  absorption,  stimulation; 
A   and   B  =  III    (myocardiogram,  observation  of  respiration). 

'  C'se  ■  very  slow  drum  for  ibc  blood  prenure,  and  m  more  rmpid  speed  for  the 
nyocardiogram. 
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OPERATIVE    WORK    • 


CHAP.    XXXVIL 


Observations  Required: 

Datt: 

Weight : 


Time.     Dkug. 


Age: 

Abnormalities: 


•Tf^ 


Do?E 
per  Ki' 


o  ^ 


(I) 


HfAKT 

Rate.  Rc([al«nty. 

Trao  Ko. 

and  Sirtngth. 

(HI) 


Heait 
Rate.  Regularity, 

Traf.  No., 
and  Strength. 


Conclusions    from    i 
perimcnta : 

The  main  5tre«;« 
PrellmiiMry  Ope 

diac  tracing,  also   : 
thelize    the    animit 
and  femoral  vein 
for  oncometer,  if  i 
norni.ll  obscrvi:' 

Experiments  - 
or  oncometer  * 
travenonsly  2? 
pre5«nre,  5troru 
respiration.     1  ! 
if   the    animal 
centers  and  car 
sah   action.^     " 
Exercise   ?«> 

».   Ammor 
eter)  —  1  '■' 

incrr.ivi  ■ 
litmus  p.^' 


.    ^trciiKth, 
'sac.  No. 


RncAsa 


(111 


ex- 


Conclusions  from  class-w*"** 


,  «  bid  on  the  myocardiogram.    The  bIo« 
akm  with  a  very  ilow  speed ;  the  inr<»^ 

Xrrange  for  myocardiogram  afl4  Wog 
tnefihctize  the  animal  Insert  J?""*! 
i    carotid,    and    femoral    %ein     CoflW" 

tion   of  Sodium    Chlorid  snd  Maff«^ 

IV). —  Make    a  2-mch    inci-^i.-n  m  I 

•  ine,  and  ligature  it  in  tw«i  i>(ac-«^  i 

openmg    ju?t    inside    one   of   lUe   hgat---, 

>t  of  it*  contents,  insert  the  md  of  a  tw* 

.,w  a  measured   quai»litv      '   *V"'^.  »>™3 

w   lie'  C)   to  flow  in.     \\  pfoBi* 

^    portion.     Replace    the    I.m  j.    ■:     ■ -^  JfJ-^ 

Itwpi    treat    this    loon    also,    using  »^  j"^*jr 

..*^,.^  rhc  woimd.    Tito  NaO  and  MgSO. J* 

.»mt.     Leave  until  all  tbe  nlbrt  O^*" 

I  hy  No.  9.  , ^,^^ 

inessurc  tracing  and   take  normal   cfc«na»w 


■^lity.  Shod  r- 
rmal  tracing.  ' 
.■ver>'  ten  min' 
I    nf  nerve  en.l 


Fie  *  15 


<!•:»«$  of  curare  were  u«ed^. 


EX.    63  :    MYOCARDIOGRAMS. 
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the  circulation  arc  shown  in  the  figure, 
respiration    and    connect    for    myDcardiogram    (page 
tal  tracings. 
'proceed  with  $,  7,  and  7,  the  even  sets  witk  5,  6.  and 

(Therapeutic    Dose). —  Myocardiogratn,    Blood    pres* 

VIII). —  Inject   a   therapeutic   dnse   nf   strychnin    (0.04 

into   the  vein    (0.4  c.  c.  per   Kg.  of  '/»%>:     No  effect 

>5CS  of  strj'chnin  do  not  stimulate  the  heart). 

■Myocardiogratn.    Blood    pressure    (Fig.    50,   page    165; 

'. —  In  five  minutes  inject  into  the  vein  a  therapeutic  dose 

mg.    per   Kg..  2  c.  c.   per   Kg.    of   1%)  :    Increase   in 

rate   (Mimulalicn  of  myocardium). 

turn   Chlorid. —  Myocardiogram,  Blood  pressure   (Fig.  91. 

"hapter   XXV.).— Inject    i   c.  c.   per   Kg.  of   i%   KCl   intra- 

rcry    ten    minutes:    the   heart    will    be    somewhat    weakened, 

irregular   (the  pressure  falling)  and  will  stop  rather  sud- 

iratysts  of  cardiac  muscle.)      (Magnesium  produces  similar 

mnat. —  Myocardiogram.  Blood  pressure  (Chapter  XIII). — 

'once  some  suprarenal   intravenously    ( i  c.  c.   per  Kg.  of  cx- 

a  c.  c.  per  Kg.  of  i  :  1,000  adrenalin,  each  in  25  c.  c.  of  warm 

iline)  :  the  heart  recovers   and  beats   with  strong  slow  heats 

tion  of  vagus  and  myocardium). 

mite    (Fatal    Dose). —  Xfyocardingram,   Blood    pressure    (Fig. 
318:    Chapter    XV).^  Inject    intravenously   a    fatat   dose   of 
(b.i  Gm.  per  Kg.,  i  c.  c.  per  Kg  of  10%) :    The  heart  is  first 
and    strengthened    ( stimulation    of    vagus    and    myocardium ) ; 
reak  and  rapid   (paralysis  of  vagus)  :  then  very  irregular  (over- 
ition  of  myocardium)  ;  goes  into  delirium  cordis  and  slops.    The 
may  require  half  an  hour. 
Veratrin.—  Myocardiogram.    Blood    pressure    (Chapter    XV)  — 
10  mg.   per   Kg.    (i  c.  c.  per  Kg.   of  1%)  :    (Effects  similar  to 
iilc  (No.  7)   and  to  digitalis  (Exercise  62.  No.  3). 
Open  the  abdomen,  find  the  ligatcd  intestines,  and  measure  their 
;nU:     The   MgSO.  has  not  diminished  as  much  as  the  NaCl.  be- 
le  the   former   salt   ts   not  readily   absorbed,  and   retains   water  by 
action. 
^Excise  the  snprarenals,  cut  them  up.  and  preserve  in  10  c.  c.  of  50% 
rcerin. 

Summarize  the  effects  of  Aconite.  I'eratrin,  Curare,  and  Magnesium, 
\in  Chapter  XXXVUI .  Nos.  ii,  22.  ^,  and  ^6a. 

EXERCISE  64.— EFFECTS  OF   DRUGS   ON  THE   KIDNEY 

(INTRODL-CTORY). 

e  physiolog>'  and  pharmacology  of  the  kidneys  differ  rnnspicu- 
ously  from  that  of  the  typical  glands,  such  as  the  salivary:  The 
kidney  is  not  markedly  affected  by  the  usual  glandular  stimulants 
and  depressants,  such  as  pilocarpin  and  atropin.  It  functionates  quite 
well  when  the  nervous  connections  are  divided.  Its  activity  is  most 
intimately  connected  with  the  state  of  the  circulation.  It  will  be  seen 
in  Exercise  69  that  the  {]uontity  of  urine  is  influenced  mainly  hy  the 
fitlratinn  pressure,  i.  e..  the  difference  between  the  pressure  in  the 
glomerular  capillaries  and  in  BowTnan**  capsule.  This  is  determined 
%  the  systemic  circulation,  by  the  state  of  the  vessels  within  the  kid- 
ney, and  by  the  viscidity  of  the  blood.  There  is  evidence  that  the 
jciuney<  possess  an  active  vasodilator  as  well  as  a  constrictor  mechan- 
ism.    The  composition  of  the  mritie  cannot  be  explained  by  a  simple 
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to  I  iw 

'Til 


filtration  theory.  It  necessitates  the  acceptance  of  ancxplainrd  forcK- 
The  changes  occur  by  reabsorption,  and  also  by  secretion. 

The  mechanism  of  urine-secretion  may  be  explained  by  several  iltff* 
native  theories,  none  of  which  is  positively  established  lo  ihe  definite 
exclusion  of  the  others.  The  following  working  theory  fnniisho  lb( 
most  simple  explanation  of  the  phenomena:  A  physical  filtration  o( 
urine  occurs  in  the  glomeruli.  The  filtrate  probably  correspond*  W 
a  protcid-frce  plasma.  The  quantity  of  the  filtrate  depends  uttiolf  on 
the  Httration  pressure. 

During  the  passage  of  the  glomerular  fluid  through  the  unmrj 
tubules,  a  scries  of  changes  occur,  by  the  operation  of  powerful  fww^ 
which  cannot  yet  be  explained  on  a  physical  basis.  These  aoK  tbe 
reabsorption  of  certain  constituents  and  the  secretion  (if  otlwrs  The 
extent  of  these  changes  is  indicated  by  the  departure  of  the  ccmipwi- 
tion  of  the  final  urine  from  that  of  the  protcid-free  hlooil  pbiim 
It  varies  inversely  to  the  rate  of  urine  tlow  (a  n>ore  rapid  flow  Iw 
ing  less  time  for  these  changes).  It  is  also  influenced  by  the  ccfli* 
position  of  the  bloodt  but  in  a  manner  which  is  not  fullj  imd^' 
stood. 

The  absorption   involves  mainly  the   water  and   chlorids.  to  i^  If 
extent  the  sulphates  and  phosphates ;  urea  being   the  1ea«t  at 
constituent. 

The   secretion  bears   on    the  uric   acid,   certain   pigments,  and 
ably    a    variable    proportion   of    the    urea    and    of   Other   uritwj  crti- 
slituents.  __^ 

Diuretics  (drugs  which  increase  the  urine  flow)  may  be  Rfooiw 
into  ihe   following  classes: 

Digitalis. —  Acts  by  increasing  the  filtration  pressure,  through  ^ 
creased  output  of  the  heart,  with  stronger  ptilse-pres^nrc:  difoal" 
lessened    venous   pressure;    through    the    absorption    of    '  '"  r'^'" 

ducing  hydremic   plethora.     The   diuretic   tendency    is   v  'T 

constriction  of  the  renal  arterioles.  It  is  therefore  bui  i.i)...  ""'^ 
in  health,  but  strongly  so  in  cardiac  disease,  where  the  conditKMii  v/t 
its  favorable  action  are  present.  ^ 

Irritant  Diuretics.— Volatile  oils,  calomel,  alcohol,  etc;  proboW? 
some  of  the  salts,  acids,  and  alkalies:  Small  doses  increaic  the  m- 
cularity  and  thereby  the  filtration  pressure.  It  is  possible  ihjt  Uw 
also  stimulate  the  secreting  cells.  I-arger  doses  cause  stasis  «» 
injury  to  the  cells,  and  consequently  lessened  output  of  urine,  w" 
albuminuria,  casts,  and  eventually  anuria.     Consult  Exercise  33. 

Irritant  diuretics  should  not  be  used  in  nephritis.  ^^ 

Saline  Diuretics,  including  all  sukstances  which  act  by  »»*|^|J* 
(water,  non-toxic  salt  solutions,  «lucosc.  urea.  etc.). —  Theie  P***^ 
*' hydremic  plethora."  1.  e.,  they  dilute  the  blood.  This  incrtlJe*  •» 
filtration  pressure  by  increasing  the  total  quantity  of  fluid;  *^J"*2 
ing  the  viscidity  and  thereby  reducing  friction  in  the  arteriow  ^ 
capillaries:  the  lessened  viscidity  also  reduces  the  filtration  re>i««J^ 
Stronger  solutions  further  increase  the  filiration  pressure  by  <**'2: 
shrinkage  of  the  renal  cells.  It  is  possible  that  some  f>f ,  the»f^ 
stances  also  stinudate  the  secreting  cells  or  deprc<<  ^''^ 

Stimulant  Diuretics  [Caffein,  Theohromin,  I 
dn).] — These  act  directly  on  the  kidney.  They  ' 
of  the  vessels,  probably  by  shrinking  the  cells,  .m 
the   filtration    pressure;    but    this    is   not    the    es**  1 


■r/fl 


of  the 


diuresis.  This  is  thouglit  by  some  to  consist  in  a  deiiic*>iany  * 
reabsorbing  function;  but  it  is  more  likely  that  they  act  by  stuwuir 
ing  the  secretory  cells.  ^^^ 

[Drugs  which  constrict  ihe  vessels  < sup t^ renal,  lunum.  f'^V''*^ 
the  output  of  urine,  the  resistance  in  the  afferent  arterioles  botif  *' 
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treased  more  than  the  general   blood   pressure.    The   effect  of  vaso- 

I     dilators  is  variable,  according  to  whether  they  act  more  powerfully  on 
the    systemic   or   on    the    local    vessels.     In    excij^ed    kidneys,    vasocon- 

'     strictor  drugs  always  lessen  the  urine  flow»  whilst  vasodilators   (cyan- 
ids)   increase  ii.| 

.         Consult  Exercises  68  to  73. 

ii 

EXERCISE  65  — EXPERIMENTS  ON   DIURESIS    (INTACT 

I  KIDNEYS). 

Read   Exercise  64. 
Special  Materials  Needed: 

i  Murpinni/.cd  dog. 

I  Two    ureter  cannuL-e.     Water   b.ith    at    40*    C.    LarffC   porcelain 

I  capsule:  glass  rods;  larpe  funnel,  muslin  strainer,  and  beaker. 

I  Warm    Sodium    sulphate,    J. 5%    of    dried    crystals    (^50    c.  c, ) ; 

I  Silver  nitrate  solution:   HNQ»:   Diuretin,  .\gurin.  or  Theocin, 

t^m  5%  (10  c.  c.)  :  warm  normal  saline  (250  c.  c.)  :  Barium  chlorid, 

^B  1%   (^c.  c);  Qdoroform   (to  c.  c). 

^^  Distribution  of  Work    (see  page  790)  : 

Students  K  anil   F  i;ike  place  I   (also  oncometer,  if  desired)  ;  A  and 

B  =  II;  C  and   D^III   (ureter  flow;  observation  of  respiration). 


I 


Observations  Required: 

Date :  Animal :  Age : 

Wein^ht :  Sex :  Abnormalities 


Time.      Drug. 


Strenot  a 
or 


Dose 
P*-''"*^K-  Solution. 


(I) 


u  C 


Bi-oou  Pressure 


-a--. 


rt.Sf     Ji 


IX 


u      s 


!a  u  c 
4*  n  o 


(II 


k 


Heart 

Rate.  Regularity, 

and  StrcngUi. 


(ID 


(III) 


u  be 
E.£ 

OX 
(II) 


Respiration 
Rale,  Strength, 


Remarks. 


(HI) 


Conclusions  from  individual  experi- 
ments. 


Conclusions  from  class-work. 


The  main  stress  should  be  laid  on  the  urine  Row.  The  oncometer 
observations  are  optional 

Preliminary  Operations. —  Arrange  for  blood  pressure  tracinR. 
WcrKli  and  anesthcii;:f  the  animal.  Insert  cannulx  into  the  tracheal 
atid  central  end  of  carotid,  and  femora!  vein.    Connect  for  blood  pres- 
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and    injection.     ExpOf«    the    kidneys    ipage   8to>.    Tie  cmult 
ureters    and    place    them    «o    that    they    will    not    be   kmlfie4.  U 
readings  are  to   be   made,   reach   one  of  the  Iddoers  ^9  > 
(page  8io»  and  cunncct.     Sew  up  the  wounds.    Coal 
tikft  me  of  drops  from  each  ureter,  and  take  normal  traang. 

Brnpaitmrntt  —  i.  SaJfaic  Dltircsis. —  L'nuc-How,  Blood  prtuurt 
(Cbaptrrs  XXIV  and  XXV). —  Inject  imravenotiiily  25  c  e.  per  K| 
fii  warm  sodium  sulphate  (2.5%  of  dried  or  $%  of  crrstal&t-  OS^ 
Om  urine  after  a  few  minutes:  The  urine  fiow  i^  promptly  iiMUHd. 
aad  rcfiums  high  for  a  considerable  time  l  dilution  of  Mood.  )cimm4 
VMCulity,  increa>ed  quantity  of  blood  in  re«seU.  "  hydremic  flo^ 
nr»">.  Note  that  the  carotid  pressure  w  001  —  -  '  ^nemljr  I* 
mocoutA  for  the  diurtsis.     The  circulatory  ar  'ftts  at 

idMUk-il    with    Exercise    62.    Xo.    1.     The    v*.'i ....    ^;J«j  i«- 

SotSke  animals  do  not  show  an3-  dturests.  especially  if  the  hdmji 
hart  been  injured.  Should  this  be  the  c^se.  the  urrtef  chMmncm 
amy  be  abandoned,  and  replaced  by  mfocardtogram,  ancooKiKr.  «f 
rvaauratory  tracings. 

Test  the  urine  for  chlonds  (HXOi  -f-  AgXOiK  comparing  «  «'* 
fhr  origiiu]  bhdder-urine.  The  rhlofid  hfts  alnott  ditappsanrf  i^ 
to  dttation  of  the  plasma :  the  cblorid  cocdd  far  nude  to  rcMor  hf 
thie  injcctioti  of  •iodium  nitrate.  iodi<^  }.^,Hn\4  or  utkUtCTttm.  Tbne 
act  probably  by  lilterating  the  *c<>r  lorki  of  tfac  ftefls) 

The  hypodermic  or  intra^^oous   xr.  i  normal  saline  «lMBrt 

vT  the  drinking  of  water  increase  the  diufc^s  tti  the  amt  vnMf  tt 
ilac  sulfihate  Mlniion.  The  biier  wontd  not  be  drarcHc  fay  nedl 
a»  U  is  hut  imperfectly  afas-ocbcd. 

Dterelic  fsctors.—  In  exact  expcrhneotfs,  the  unne  flow  is  rehnw 
BO  ibc  weight  of  the  aninaal.  v.  Scfaroctkr  selects  the  sorpliM  oufrii* 
Bcr  too  Giai.  of  animal,  calcniaied  ustalljr  for  one  hour.  SdXmM* 
Iktfor  relates  to  the  maximal  rate  of  secretioa,  berag  tfac  aoi^ 
iwhi  r  of  cubic  centimeters  of  ttrme  secreted  in  40  cottsecotivc  mia^Bk 
per  kilo  of  animal. 

a.  TiKobromin. —  i'rrtrr-04Kv,  Blood  prwjure. —  \Mieii  the  Aipo* 
hegins  to  decline  inject  hypodermical  ly  50  mg.  per  Kg  ol  ThivAfO^ 
sah*  (1  cc  per  Kg.  of  ^%  soltrtiont  The  urine  flow  i 
i  stimulatioo  of  renal  epitfackizm).  Note  that  the  chances  is  the 
tid  pressure  do  not  suffice  to  explain  the  thsrcsts. 

Toe  effeets  on   the   circidfttioo  Arc  idcnncal   wnh  tboac  ti 
(Exercise  6ju  No,  4*.    The  Tolttioe  *"'*  '^-  ^-'"'-  "'--'*-»«*» 


5J.  v^  *: 

irtod  firaci  m 
bbod  s  to  br 
!te«,  or  iintd 
ed  to  40*  Ck 

The   hart  \m^  V 


$,  H«m«rrhafc. —  L'rctrr-Mow,  \ 

Chapter  VIII  >.— Wiihdraw   aKi^rt    , 
Innoral  artery.  ■■. 
vicDCoody  with    . 

Tte    ureie*        ^^  ;j-    r' 

i|utckencd  and  weakened.     The 
The  cardiac  and  respiruory  • 

*He  ragns   and   reaptntory  ccr: 
w  blood  preasvfc 

(Tbscrre  the  prc««re  for  «..  -  Jur  iVr 

,•  Nrmr.rrhage :  there  :>  -, 

4.  IniectSan  of  Narmal  ^,  VCieai  fi^ 

trt  — Inject  25  c  c.  per  K^  ^i  ».*::»  :it..rssai  i^i;:^  totdtiaa  TV 
rvam  dow  and  the  Mood  pressure  reco%-er  coRsadrraiUy.  hai  4»  ^ 
.^aally    reach   the    original    lewL    The  effect  l»ft»   lor   MVtnl  *>•*• 

A^mriA,     TWvria  macf  ateo  be  wam^ 


deprcM>OT«' 
.piakMd  br  *^ 
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rJotc  the  much  larger  effect  as  compared   with  saline  injection  in  the 
normal  animal.  No.   i. 

5.  Injection  of  Defibrinated  Blood,— rnHc~/to7v,  Blood  pressure. 
After  15  minutes,  inject  the  warmed  dcfit>rtnalcd  blood;  The  ureter- 
flow  and  Mnnd  pressure  recover  conipleltly, 

6.  Barium  CMor\d.—  Unne-ftozi\  Blood  pressure  (Chapter  XXV). 
Expose  the  inicstmcs.  Inject  intravenously  20  niR.  per  Kg.  of  barium 
chlorid  (2  c.  c.  per  Kg.  of  1%)  and  repeat  every  10  minutes  until 
death:  The  effects  on  the  heart  resemble  those  of  digitalis  (Exer- 
cise 62.  No.  3),  bul  the  vasoconstriction  is  much  more  prominent,  and 
ihe  pressure  rises  very  high.  The  urine,  however,  is  decreased,  the 
renal  arteries  being  also  constricted.  The  intestines  show  violent 
peristalsis.  This,  and  the  vasoconstriction,  are  due  to  direct  stimula- 
tion of  the  unstriped  muscle. 

7.  Chloroform  Rigor. —  (Chapter  XIX).— Inject  some  chloroform 
into  the  peripheral  trnd  of  one  femoral  artery:  this  causes  immediate 
rigor  of  this  leg. 

Excise  the  suprarenal  capsules  and  place  in  10  c.  c.  of  50%  glycerin. 
Suntman'cr  the  effects  of  Sulphates  and  of  Hemorrhage  in  Chapter 
XXXl'in,  Nos.  ^s  and  24. 

EXERCISE  66  — EFFECTS    OF  DRUGS   ON    PERiST.^LSIS 
INTRODUCTORY). 

Drugs  which  increase  peristalsis  may  be  grouped  as  cathartics;  those 
which   diminish   peristalsis   as   antidiarrhaica. 

Whilst  peristalsis,  and  especially  defecation,  are  to  some  degree 
controlled  by  the  central  nervous  system,  almost  all  the  drugs  which 
influence  them  act  peripherally.  The  remedies  which  are  utilized 
therapeutically  lo  influence  peristalsis  arc  mainly  direct  irritants, 
chemic  or  mechanic  (consult  Exercises  31  and  46,  No.  5,  and  63,  No.  i), 
or  astringents  Tliese  act  only  when  ihcy  arc  introduced  into  the 
alimentary   canal. 

Peristalsis  may  also  be  influenced  by  peripheraUy-actinE  muscle- 
nerve  poisons.  They  arc  rarely  used  ii>  thfrapt- ulics,  because  their 
I  effects  are  not  confined  to  the  intestinal  tract ;  but  they  are  of  con- 
I  siderable  importance  in  toxicology  and  pharmacology.  This  groiip 
I  comprises  the  same  drugs  which  have  been  studied  in  connection  with 
the  vagus  ( Exercise  50),  pupil  ( Exercise  54),  and  salivary  glands 
'        (Exercise  55);  and  the  effects  arc  essentially  similar. 

The    peristaltic    movements    arc    arrested    by    atropin,    stimulated    by 

mu^carin,    physostigmin,    pilocarpin,    and    nicniin.     There    is    a    mutual 

1       antagonism  between   atropin   on  the   one  Iwrid,   and  muscarin,  pilocar- 

I        pin    and    physostigmin    on    the    other;     The    effect    corrcsnonding    to 

whichever  drug  is  present  in  excess.     Atropin  prevents   the  effects  of 

nicoiin,   but   not   vice   versa.     Barium   is   active   after   atropin,  but   not 

'        the  reverse. 

By  transfcrringf  the  conclusions  drawn   from   the  iris  and   salivary 
gland  to  the  intestine,  il  is  generally  assumed  that: 
-Alropiii  paralyzes  the  endings; 

Muscarin,  pilncnrpin,  and  physostigmin  stimulate  the  endings;  pilo- 
carpin also  the  ganglia;  physostigmin  also  the  muscle. 

Nicotin  stimulates  the  ganglia,  paralyzing  them  in  large  doses. 
I  Barium  stimulates  the  muscle. 

'  This  may  serve  as  a   simple  working  hypothesis:  hut  the   facts  are 

in     reality   much    more   complicated,   and   cannot   be    satisfactorily    ex- 
^>Iained   until   (he  physinlogv-  of  peristalsis,   is  better  imderstood. 

Innervation  of  the  Intestine. —  The  subject  has  been   worked   out 
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mainly  on   ihc  small   intestine  of  dog?  and  cats,   and  it  is  not  im 
sihlc  that  the  details  are  somewhat  different  in  other  animals. 

Central   Innervation. —  Thiij  consist  in: 
(fl)   tonic    inhihiton-    impnlses    passing    down    the    splanchnic   lo 

local   centers. 
(&)  both  inhibitory  and  angmentor  fibers  contained  in  the  vagus; 
laner  are  not  tonically  active,  and  are  very  easily  ehmitutcd 
other  influences 

Outside  Influence*. —  Tlic  peristalsis  is  very  greatly  affected  Ihrtu 
changes   in   the  circulation   which   are   not  very  easy  to  cuntrnl  .m 
interpret.     When  the  abdomen  is  opened,  as  is  necessary   for  .in 
y&is  of  the   phenomena,  the  exposure  to  the  air.   or  to  t*-- 
tions.   which    arc   probably   not   quite    indifferent:   tJie   ahn 
tions  of  pressure;  the  inattention  to  exact   regulation  in   :      , 
the  setting-up  of  direct   or  reflex  stimulation  or  inhibition  by  the 
avoidable  handling  of  these  organs  or  by  the  attachment  of  appanrt 
the   relative  difference   in   longitudinal   and   circular  coat^  in  diffi 
animals;    the   nervous  supply,  which   is   perhaps  quite  differrnt  m 
ferent  species;   the  variable  activity  of  the  central 
all  these  arc  complicating  factors   which  seem   to  in  -fc, 

in  an  extremely  streng  manner,  and  which  it  is  al»'MiUi»    u  '^■ 

to  exclude 

Peripheral  Innervation. —  This  seems  to  be  the  more  impon. 
can  be  studied  under  tiniform  conditions,  according  to  Magnas'  taa^ofi 
(page   888). 

The    intestine    exhibits   several    \'arietie8   of   apparently    indfpfnrfwr 
movements,    of    which    the    rhythmic    pendulum    movements   and  the 
peristaltic  reflex  appear  to  ht  the  most  important      These  can  «iM  be 
seen    in    the    excised    intestine.     The    pendulum    movements   tire  M"*" 
matic ;  the  neristaliic  movements,  on  the  other  hani'     —  --.i--     fii. 
peristaltic   (Bayliss-Starlingl   reflex  may  be  elicited  1 
testine  especially  if  the  restraining  influence  of  tlie  ^'^ 
inated.     It  consists  of  two  phases:   a  constriction   ab*.tvi* 
stimulation,  and  a  dilation  below  this  point.    Tbts  is  esi* 
in  the  propulsion  of  the  intestinal  contents,  the  reflex  de- 
the   intestine,  which  is  thereby  stripped.    The  pendulum 
probably   concerned    in    absorption,   dividing  the    intestinal   cv< 
as  to  give  a  larger  surface- 

Thc  local  ncr\*e-muscle  mechanism  for  |hc?e  reflexes  const*! 
longitudinal    and    circular    muscular    coats,    innervated    by    A 
plexus  of  nerve  cells  and  fibers,  which  lies  between   them.    Ti 
municates   also   with   Meissner's   plexus   in    the   snhmucosa.   «1 
nervates  the   glands,  muscularis   mucosz,   etc.,   but   which  is  rx' 
cemed  in  the  intestinal  movements 

Magnus  has   succeeded   in   making   preparations   from   tbr  intrtW*. 
consisting  of  muscle  and   ner\'e  endings,  with  or   \*  ■  '  '     ' 

By  means  of  these  he  has  demonstrated  that  the  rlv. 
and    the    Bayliss-Starling    reflex    require    the    prcsein.v    -t     i'^-^'  — 
plexus.     When  this  is  removed,  the  muscle  responds  to  stimaUUoi'  ^ 
a  simple  contraction,  or  by  tetanus. 

The   investigation   of   drugs   on   these  preparations   lead  bun  ^  *"^ 
following);  conclusions  as  to  the  most  peripheral  action' 

Atroptn   in   small    doses  stimulates   .AueTl)ach's  pi 
the   stimulation   of   muscarin,  pilocarpin,   and 
the  inhibition  of  nicolin ;    il   has  little  effect   on 
by   strophanthin    or   barium.     In   medium   dosefi. 


rnythmic    movements   more   regular, 
lyzes  the  muscle. 


•reft*; 

Ihc   inrautoio* 

It   render*  tte 

In   larger   dosc».  H  fW»" 
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Ipocodrin  also   stimulates   Auerbach's   plexus  in   small   doses»  and 

paralyzes  the  mu<iclc  in  larger  doses. 
Nicotin  at  first  inhibit?  the  movements,  by   an  action  peripheral  to 

the  plexus;  it  then   stimulates   the  plexus. 
Suprarenin  inhibits  the  movements,  actmg  on  the  nerves  peripheral 

to  the  plexus. 
Muscarin  stimulates  the  plexus. 
Pitocorpin.    Physostigmin.    and    Stroph<mihin    stimulate    the    nerves 

peripheral   to   the   plexus,   large  doses   of   strophanthin   paralyze 

these  structures. 
Barium  stimulates  the  muscle. 


EXERCISE   67.— EXPERIMENTS    ON     PERISTALSIS    (AND 

BLOOD  PRESSURE). 
'Read  Exercise  66. 
Special  Materials  Needed: 

i  Small  dug.  not  morphinized ;  or  rabbit,  anesthetized  by  3  c.  c. 
per  Kg.  of  20%  chloral  administered  by  stomach.  (The  dog 
permits  better  blood  pressure  tracings,  but  rabbits  show  the 
peristaltic  phenomena  at  least  equally  well:  a  narrow-caliber 
manometer  must  be  used  for  rabbits.) 
Sodium  cblortd  (small  crystal):  Physostigmin.  '/»■%  (i  c.c.); 
Barium  chlorid,  1%  (1  c.c);  Atropin,  V«%  (i  c.c):  1% 
(10  c.c):  Pilocarpin.  Vi*%  (30  c.  c);  Nicotin,  1%  (s  c.c); 
Arsenate  of  sodium,  1%  (50  c.c). 
Distribution  of  Work    (see  page  790)  : 

Students  A  and  B  =  place  I:  C  and  D  =  II  and  electric  stimulation; 
£  and  F  =  in   (observation  of  peristalsis  and  respiration). 


r 


•crvations  Required: 

Date:  Animal:  Age: 

Weight:  Sex:  .Abnormalities 


h 


iME.      Drug. 


Dose     Strength 

L*  OF 

P^''*^      SOLUTIOS. 


I-  o 


Blood  pRESSLfftE 


SI 


"O.S  « 

tn  w  c 
w  n  o 


(I) 


(in 


Heart 

Rate.  Regularity 

and  Strength 

■     (ID 


Intestive 

Color 
Peristalsis. 


Respiratiov 
Rale,  Strength. 


(HI) 


Remarks. 


Conclusions  from  individual  experiments; 
Conclusions  from  cla«;s-wnrk: 

le  main  stress  should  be  laid  on  the  peristalsis. 
1—59 
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PrelimliiAry  Operations.—  Arrange  for  blood  pressure  tracin. 
Wcigli  and  anesilu-tize  tlie  animal.  Insert  canniilac  in  trachea,  ctnlnl 
end  of  carotid,  and   femoral  vein. 

Experiments.—  A.  Local  Application. —  Make  a  small  tncistoo  in 
the  linea  alba  and  draw  forth  a  !nop  of  small  imesiine. 

I.  Bayliss-Starling  Reflex.— Observe  that  pinching  with  forceps 
causes  a  spreading  pcrisialsis  {mechanical  siiwutati&tt )  ;  the  inwiw* 
contracting  above  the  stimulus,  and  relaxing  below 

3,  .\pply   a  crystal  of  sait:    spreading   peristalsis    ( salt-stiniuUlion^ 

3.  Apply  at  another  place  a  few  drops  of  '/»%  physostigmm:  ktm 
constriction  (stimulation  of  muscles  and  endings). 

4.  Apply  at  another  place  a  drop  of  1%  BoCU:  strong  cotrttnclkB 
(stimulation  of  muscle). 

5.  .^pply  at  another  place  a  drop  of  Vi»%  atropin:  Pcrisalst* 
ceases.  Sec  whether  3  to  6  are  effective.  (Physostiffmin  is  «ffec!i«. 
barium  and  5a!t  ineffective;  pinching  produces  a  slight  effect  ) 

B.  Systemic  Administration.—  Connect  for  blood  presiurf  and 
injection.  Open  the  entire  alxlomcn  along  the  linea  alba,  so  that  the 
intestines  may  be  observed.     Take  normal   tracing  and  observitiou*. 

The  odd  stts  proceed  with  No.  6,  the  event  sets  with  So.  I  A^ 
sets  do  No.  8  to  end. 

6.  Pilocarpin.— (Fig.  S7*  page  ^5^;  Chapter  XH.)— Inject  mi" 
venously  3  mg.  per  Kg.  of  Pilocarpin  (3'C-c  per  Kg.  of  *' 
peristalsis  is  mcreased  (stimulation  of  tne  ganglia  and  n 
vation  may  be  noticed  (stimulation  of  salivary  ganglia  -....  -  ' 
The  heart  is  at  first  slowed,  bur  may  be  quickened  later  (penpbc™ 
stimulation  and  depression  of  vagus). 

7.  Nicotin.'—  (Fig.  59,  page  260;  Chapter  XII).— Expose  *« 
vagus  and  find  the  smallest  stimulus  which  just  stops  the  heart  In- 
ject subcuianeously  5  mg.  per  Kg.  of  nicoiin  ( 5'i  c.  c  per  Kg,  of  i*^' 
The  peristalsis  is  greatly  increased.     The  effects  on  ihc  circulaiKni  «f« 

shown  in   Fig.  60.     The   respiration   Is  also   increased   ai   '   ''     ^^' 

may  become  convulsive.     Wiien  the  heart  has  become  •>  '''\ 

that   stimulation  of  the  vagus  does  not  stop  the  heart    U-i^-  ' 

the   vagus   ganglion  cells).     Very  strong   stimulation  may  cauif  «** 
stowing,   if  the  paralysis  is  incomplete 

8.  Atropin.— (Fig.  55,  page  230;  Chapter  XI)  — (a)  Expose  thf 
vagus  and  determine  the  smallest  stimulus  which  will  just  »t'f  if" 
heart.  Injfct  intravenously  10  mg.  per  Kg.  of  Alropin  (l  ^f  J? 
Kg.  of  1%)  :  the  peristalsis  and  salivation  cease  (paralysis  ot  sw- 
ings). The  heart  is  quickened,  and  stimulation  of  the  \  .  »^— —^ 
ineffective  (paralysis  of  vagus  endings).  The  blood  p'  '! 
much  altered:  there  may  be  a  slight  rise.  (The  rate  of  i..v  .  '" 
not  be  changed  by  the  atropin,  if  the  pilocarpin  or  nicotm  p»r»lTt^ 
was  complete  ) 

9.  Arsenic— ( Chapter  XXVII).— Inject  intravenously  Sf>  ^^  ^ 
Kg.  of  Arsenate  of  sodium  (s  c.  c.  per  Kg  of  1^):  the  inirrtff^ 
show  capillary  congestion  and  become  filled  with  fluid  (P*^*'^**^ 
the  capillary  walls).  The  blood  pressure  falls,  hut  rifics  11  i«cr j 
the  aorta  is  temporarily  compressed,  showing  tliat  the  cardiif  t«i<* 
is  not  injured  {except  by  larger  dnscs)  Oh<ier\-e  half  an  WwfJ 
necessar>'  Kill  the  animal,  excise  the  suprarenals,  cm  tbcm  fl^  ^ 
place  them  in  to  c.  c.  of  50%  glycerin. 

,  •!  ^^ 


"*  Sieotim  <«•«  gangUtj  oh4  mm-r  fibres  *0ption*1V 
Ranglion     of     jrt     aiir^Tlirtlzrd     rabttibl.       S(inmI«tiofi 
car   vf*«*l«    and    dilatinn    nf    the    pupil.      P/iini    '"^     ni. 
^nption.      .\   stimulus   apiilird    rrnlral    to    rt 
thr  nerve  fitxr^  xre  not   par«lyinl  tiy   itir 
lion.     Stiniulatton     of    ihr    nervf    ts    now     - 
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Sum  ma 
and  Arscm 


rice  the  efft'cts  of  Ph^'sosti^milt.  Pilocarp 
ntc  in  Chapter  XXX\  III,  Nos.  ^y  to  ji. 


in,  Ntcotin,  Atropin, 


EXERCISE  68.— PERFUSION  OF  EXCISED  ORGANS   (IN- 
TRODUCTORY). 

(Review   Exercises  51   and   57.) 

The  perfusion  of  excised  orgrans  permits  the  study  of  their  func- 
tions under  simple  conditions,  which  can  l>e  modified  at  pleasure.  If 
the  purpose  of  the  study  concerns  the  proper  vital  functions  of  the 
organ,  the  conditions  must  be  made  lu  approach  those  of  the  body 
as  closely  as  possible:  The  perfusing  fluid  must  be  at  the  proper  tem- 
pcraliire  (38°  C)  and  pressure  (about  130  cm.  of  water);  the  perfu- 
sion fluid  must  consist  of  wcll-oxygenated  L<Jcke's  Fluid  (sec  Index), 
if  possible  with  the  addition  of  Uie  defibrinatcd  blood  of  the  same 
aniinal.  In  delicate  experiments  it  is  necessary  to  imitate  the  rhyth- 
mic pulse-pressure. 

If  the  study  concerns  merely  the  circulation,  plain  saline  solution 
may  be  used  at  room  temperature :  the  blood  vessels  maintain  their  vi- 
tality for  many  hours,  even  under  these  unfavorable  conditions.  The 
simplest  disposition  which  will  suffice  for  the  experiment  should  be  pre- 
ferred, as  the  advantages  of  more  complicated  apparatus  are  often 
offset  by  the  chances  of  accident,  etc.  The  arrangement  described  on 
page  8ig  answers  for  the  circulation;  that  of  Fig.  127  is  used  when 
the  perfusion  is  to  be  made  at  body  temperature.  The  perfusing  fluid 
must  tw  free  from  dirt.  The  outflowing  fluid  is  collected,  strained,  and 
returned  to  the  reservoir.  Fluid  mixed  with  poisons  is  kept  separate. 
The  administration  of  drugs  may  be  done  with  a  hjTXJdeTmic  syringe, 
thrusting  the  needle  obliquely  through  the  rubber,  just  before  it  con- 
nects with  the  arterial  cannula.  The  injection  must  be  made  so  slowly 
that  the  pressure  is  not  materially  raised.  More  exact  results  are 
obtainable  by  employing  two  reservoirs,  joined  to  the  arterial  cannula 
by  a  T  piece.  If  ihc  injection  is  to  l>e  made  at  body  temperature,  a 
thermometer  is  introduced  in  a  T  piece,  as  in  Fig.  I2~.  The  greatest 
care  must  be  used  to  exclude  air  from  the  apparatus.  If  any  should 
enter,  it  can  be  removed  through  the  side  piece  of  the  T.  The  perfu- 
sion of  each  drug  is  continued  only  until  the  desired  efTcct  is  obtained. 

The  preparation  of  the  organs  is  described  on  page  810.  The  effect 
on  the  vessels  may  l>e  judged  from  the  rate  of  outflow,  and  from  the 
volume  of  the  organ,  by  triking  oncometer  readings.  The  flow  through 
the  inlestme  and  spleen  is  too  rapid  for  counting,  if  saline  solution  is 
perfused;  it  is  therefore  advisable  to  lower  the  reservoir  until  it  is 
just  pos*.iblc  to  count  the  drops.  The  changes  of  the  flow  and  oncom- 
eter should  be  plotted  as  curves,  each  ordinate  representing  five  min- 
Mtes,  each  abscissa  ten  drops  of  flow,  or  J^  cm.  of  the  oncometer. 
The  excised  kidney  is  particularly  well  adapted  to  the  study  of  a  great 
variety  of  problems  (Sollmann  and  Hatcher,  American  Journal  of 
Physiologj*.   1905,  XIII,  p.  24i-.v).^). 

The  heart  methods  arc  simplified  modifications  of  those  proposed  by 
the  originators. 

Preparation  for  ExercUei  69  to  73-—  These  exercise?  may  b* 
performed  in  one  day.  being  distrihui'rd  amongst  the  sets.  (Exercises 
74  to  76  may  also  be  done  in  one  day,  by  assigning  them  to  different 
sets  ) 

Special  Msterials  Needed  (Exclusive  of  Solutions): 

For  hi'o  sets:     Morphinizcd  dog.  porcelain  dish,  glass  rod,  large 
finmel,  cotton,  beaker. 
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For  each   half  set: 
Bxerdse  A9:     Simple  perfusion  apparatus,  arranged  for 

ing   and   lowering;    renal   ancry,    vein   and    urcicr  cinnul*. 

with  outflow  tips;  meter  rubt>er  tube:  tall  &taiid  and  dirap: 

oncometer,  bench,  and   clamps  to  hold  organ  and  cannubt; 

2  tumblers ;  250  c.  c.  graduate. 
Exercise  70:   Simple  perfusion  apparatus  with  T  piece,  al  HO 

c.  m.     Other   apparatus    aa    in    69,    omitting    mctcr-iube  and 

tall  stand. 
Exercise  71:     As  in  70. 
Exercise  73:     As    in    70;    it    is    advisable    to    have   a  secoB^ 

smaller  reservoir  in  this  exercise;  spectroscope. 
Exercise  73:     As  in  70,  omitting  the  ureter  cannula. 

Solutions  Needed: 

Exercise  ftg:     2%  NaCl   (2  L.>. 

Exercise  70:     1%  NaCI  <2  L.)  :    Distilled    water    (i    L);  5* 

NaCI  (2  L.J  ;  CaCU.  16.33  Gm.  of  salt  dried  at  no*  C.  9^ 

to   T    L.   distilled   water;*    Sodium   citrate,    27.37   Gm    of  alt 

dried  at  no*  C,  added  to  i  L.  distilled  water.' 
Exercise  71:     \%    NaCI    (2  L.);   Adrenalin,    I  :  ijooo  (3  cc); 

HCN.  2%    (5  c.c);  Digitalis.   10%    (5  cc);   Chloral.  »% 

(5  c.c):  Barium  chlorid,  \%  (10  c  c.) 
Exercise  72:     1%  NaCI   (i   U)  ;  Diluted  Blood   (2  L)LCi(f«i 

Sod    Benzoatc,   1%    (10  c.c):  HCN.  2%   (5  cc): 

10%  (5  c.c);  Ammonium  sulphid. 
Exercise   73:     \%    NaCI    {2   L. );    to  cc.   each   of   A<JrotlW 

!  :  10.000:   Sodium  nitrite,   1%;   Digitalis,   1%;  Chloral,  1%. 

Barium  chlorid.  V<«%- 

Preliminary   Operations   (For  two  full   sets). 

1.  Anesthetize  a  large  dog;  place  cannulse  into  trachea,  and  ceninl 
end  of  one  carotid  arter>-  and  femoral  vein.  Draw  as  much  blood  froffl 
the  carotid  as  will  flow  readily.  Defibrinalc  thi*.  Iniect  nitn  d« 
vein  75  c.c  per  Kg.  of  NaCI  (1%).  Again  draw  blootl  and  defibrn- 
ate.  Mix  the  blood  and  filter  through  a  funnel  plugged  looscly  wttli 
absorbent  cotton. 

Meanwhile  open  the  abdomen  of  the  dog  by  a  long  median  inriii«« 
Expose  one  of  the  kidnejs  freely  by  cutting  along  the  lower  border  « 
the  rib.  Clean  the  fat  and  nerves  away  from  llic  organ  and  e*pcciilly 
from  the  vcs«;els  and  ureter. 

Tie  cannulae  into  ureter  and  renal  artery  (should  this  be  OnaMr. 
ligatc  the  smaller  hrancb).  Connect  with  perfusion  apf'^'^^'""  '"^^*" 
iously  filled  with   the  solution    (2%   NaCI   for  Exercise  '''  ' 

for  the  others).     Flush  the  kidney,  uniil   the  vein  is  ajn 
Stop  the  perfusion.     Insert  cannula  into  renal  vein  and  ;" 
tip.     (All   the  cannula  point   toward  the  kidney)      Fxcl- 
Adjust  it   in   the   oncometer,  on   the   bench.     1- 
by  clamps  or  some  other  means,  and  see  that   ■ 
twisted.     Start  the  perfusion.     Observe  that  the  r.iirr-.Ti>cn-r  hm^    >■■■ 
ceed  with  Exercise  69  or  70 

2.  As  soon  as  the  first  kidney  is  excised,  prepare  the  oUiei  in  ^ 
same  manner,   and  proceed  with   Exercise  71   or  72. 

3.  Expose  the  spleen.  Insert  cannula  into  the  largest  artery.  Ro« 
Insert  v-in  cannula.  Tie  all  other  branches.  Excise  and  aciu**  "■* 
the  kidney,  and  proceed  with  Exercise  73. 

4.  Expose  a  large  mesenteric  artery  and  vein :  insert  camrals  M  * 
3.    Excise  the  intestine,  and  proceed  with  Exercise  73. 

*  The»e  tolutlons  thoutd  have  the  midc  frcctlnc  point  u  t%  X«CL 


EX.    69    AND    70:    EXCJSEO    KIDNEY. 
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EXERCISE  69  — EFFECT  OF  CIRCULATION  ON  THE 

KIDNEY. 

,  Effect  of  Arterial  PreBSure.— Observe  the  vein  and  ureter-flow 
(drops  i^r  c.  c.  per  minuic),  with  the  reservoir  at  140  cm.  above  the 
kidney  (after  the  solution  has  run  for  about  10  minutes).  Lower  the 
roser\'oir  to  100  cm.*  and  repeat  the  observations  after  10  minutes; 
also  with  60  and  20  cm. 

The  vein  flow,  ureter  flow,  and  oncometer  (also  ihe  maximal  vein 
and  ureter  pressure)  vary  in  the  same  direction  as  the  arterial  pre^- 
'^ure. 

(Uy  modifying  the  arrangement  so  that  the  pressure  can  be  inter- 
rupted rhythmically,  it  can  also  be  shown  tliat  the  vein  and  ureter 
flttw  are  much  better  with  inierriipled  pressure  than  with  constant 
pressure  of  the  same  mean  height,) 

J.  Effect  of  Vein  Presaure.— Replace  the  reservoir  at  140  cm. 
Remove  the  outHow-iip  irom  the  vein  cannula,  and  connect  this  with 
a  rubber  lube,  i  m.  long.  Replace  the  uutflow-tip  in  this  tube  and 
support  it  at  the  level  of  the  kidney.  Let  it  fill  with  the  fluid,  and  in 
10  minutes  measure  the  vein  and  ureter  flow  and  the  oncometer.  Raise 
the  vein  outflow  to  30  cm,  abcive  the  kidney  and  in  10  minutes  repeat 
Ihe  observation:  aUo  at  fio  and  qo  cm.  Increase  of  vein  pressure 
increases  the  oncometer,  but  climinisbes  the  vein  and  ureter  flow. 
The  diminution  is  gradual  up  to  60  or  80  cm.,  when  there  is  a  sharp 
drop.  The  diminution  is  due  to  the  pressure  of  the  distended  veins 
nn  the  urinary  tubules  and  on  the  arterial  end  of  the  circulation. 

3.  Effect  of  Ureter  Pressure. —  Remove  the  tube  from  the  vein  and 
eonncct  it  with  \hv  urcttr  cannttln.  Repeat  ihe  olncrvation*  as  in  2. 
The  cflFccts  are  similar,  but  the  ureter  pressure  has  a  comparatively 
small  effect  on  the  vein  flow  and  oncometer. 

.4.  Occlusion  of  the  Vein. —  Disconnect  the  tube.  Count  the  ureter- 
flow  and  observe  the  oncometer.  Pinch  the  vein  tube  to  complete 
occlusion.  The  oncometer  increases.  There  is  a  short  spurt  of  ureter 
fluid,  and  then  almost  (but  not  quite)  complete  anuria  (compression 
of  the  tirinary  lubules  in  the  boundary  layer). 

5.  Injection  by  Renal  Vein. —  Release  the  vein  and  after  10  minutes 
count  the  vein  .iiid  nrclcr  flow  nnd  observe  the  oncometer.  Change 
the  injection  lube  from  the  arterj-  to  the  renal  vein:  Almost  no  fluid 
will  run  from  ihe  artery  or  ureter,  the  oncometer  increasing  greatly. 
(A  valvular  mechanism  exists  in  Ihe  kidney,  probably  by  the  pressure 
01  ihc  distended  veins  on  the  arterial  capillaries  in  the  glomcndi.) 

Su$Hiiiarhc  i«  Chapter   I'f,   Xo.  jy 

EXERCISE  70.— SALT  AND  ION   .\CTIOX  OK  THE  KIDNEY. 

Perfuse  the  kidney  with  1%  NaCl  solution,  and  observe  the  vein 
and  ureter  flow  (drops  per  minute)  and  the  oncometer  after  10  min- 
utes. 

I.  Hypoisotonic  Solutions.—  Replace  the  salt  solution  by  water 
(removing  the  Milmion  through  the  T  piece,  avoiding  air  bubbles). 
The  vein  an<!  nreler  flow  and  the  volume  are  diminished.  Tliis  is 
due  to  the  ^wrlling  of  the  renal  cells,  obstructing  the  access  of  the 
fluiil  to  the  ki<Inev 

J,  Hyperisotonic  Solutions. —  Replace  by  5^^  NaCTl.  The  flow 
increa<.cs  much  above  the  original,  the  volume  |o  alniut  the  original 
(lessened  resistance  by  shrinkage  of  cells). 

Return  k.  1%  XaCi  solution.     After  x^  minute^  replace  this  by: 

3,  Calcium    Chlorid     (Isotonic    with    1%    NaO).— The    flow    and 
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oncometer  arc  diminished.  This  is  a  specific  (ion)  effect  o(  the  al- 
cium. 

4.  Citrate. —  Replace  by  isotonic  .lodiutn  citrate;  The  flow  uni 
oncometer  arc  increased  Tlie  ciiraic  acts  as  a  hywrisotomc  Nolmion. 
since  ii  docs  not  penetrate  the  cells  as  readily  as  NaCl  tcunsult  txcf- 
cise  2i,  No,  ^1 ) . 

$.  Occluston  of  Vein. —  Pinch  the  tube  of  the  vem-canmila  to  caoi- 
plete  ncclusions.     See  Exercise  Og,   No.  4. 

Sutnmtirict'  the  effects  of  Osmosis,  of  Calcium,  and  of  Cilrttf  U 
Chapter  A'.YA'/'///,  Nos.  jj  to  S4- 

EXERCISE  71 -EFFECTS  OF  DRLGS  ON  EXCISED  KIDNEY 

Perfuse  with  1%  NaCl.  After  15  minutes  ob&crve  the  vcui  wd 
ureter  flow    (drop>   per  minute)    and    tlic  oncometer 

I.  Adrenalin. —  Change  C^cc  Exercise  70>  No.  2)  to  i:5(xaooOc.^ 
of  1 :  1,000  to  50  c.  c.  of  1%  NaCl).  The  flow  and  volonie  arc  dttnia- 
ished    (constriction  of  arterioles).  1 

J.  Hydrocyanic  Acid.— Change  to  1:2.500  HCN  (2  cc.  ''^  ^^  ^^H 
100  c,  c.  of  1%  NaCl):  increase  of  vein,  ureter  and  onctimeicr  (''*^M^^| 
tion  ttf  arterioles).  This  effect  of  hydrocyanic  acid  seems  to  be  coo- 
fined  to  the  kidney^ 

J.  Digitalis.— Clian^e  to  r:  1.000  Digitalis  (1  cc.  of  10%  tu  100 
c.c.  of  1%   NaCl):   vasoconstriction. 

4,  Chloral. —  Change  to  i :  i.ooo  chloral  (t  c.c.  of  10%  to  tccccv 
1%  NaCl):   vasodilatation. 

5.  Barium.—  Change  to  t :  2,coo  barium  chlori<i  (5  cc  of  1^  to  ■<* 
c.c.  of  t%  NaCi):  vasoconstriction. 

EXERCISE  72  — BLOOD  AND  DRUGS  ON  EXCISED  KJDKEV- 

1.  Perfuse  with  1%  NaCl.  After  15  mintitc$  observe  the  Tcin  "^ 
ureter  flow  (drops  per  minute)  and  oncometer.  Change  to  (»*«  £*• 
ercise   70,    No.  2)  : 

2.  Blood,  diluted  with  about  three  volumes  of  1%  NaQ.  Tl»  "« 
flow  is  prnmplly  increased,  whilst  the  ureter  low  and  oDComrter  v* 
greatly  diminished.  Note  the  darkening  of  the  venous  blood  T^ 
flow  is  again  somewhat  slowed  after  a  lime. 

Two  factors  are  concerned  in  these  efTccts:  The  great  vuodi'T  '^' 
the  blood,  which  would  slow  the  flow  aitd  diminish  liic  vLiltimt  l** 
dead  kidneys  the  vein  flow  is  practically  arrested.  In  hving  MofJ^ 
however,  the  blood  stimulates  a  vasodilaior  mechanism,  probably  tij 
the  efferent  arterioles,  which  causes  the  vein  flow  to  continnt.  aw 
generally  increases  it  above  normal. 

3.  Saline  Diuretlcfc.— After  abotit  15  minutes  repeat  the  obef«" 
tions.  (The  vein  flow  will  l)e  somewhat  -flowed,  an  account  nf  tl* 
increasing  viscidity.)  Add  alwut  30%  of  t%  NaCl  to  the  pcrfuw* 
blood:  The  flow  and  volume  are  increased  (lessened  viscidity,  a"J 
consequently  lesser  resistance).  Use  this  blood  dilution  in  ill  '^* 
sequent  citpcrinients. 

4.  Caffein.— Substitute  diluted  blood  with  r:  5.000  a^cm-wix'^ 
benzoate  (4  c.c.  of  1%  to  too  c.c.  of  diluted  blood)  ;  Somt«h«t  "^ 
creased  flow  and  volume.     (Not  a! wars  successful  > 

5.  Hydrocyanic  Acid. —  Substitute  blood  with  1 :  2,500  HCN  (2^^ 
of  2%  to  100  c.c.  of  diluted  Mood):     Further  vasodilation. 

Note  that  the  venous  biood  is   not  darkened,   but  that  it  i»  fw^T 
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iced    by   ammonium    sulphid.     (Cyanids    prevent    the    reduction    of 
)d  by  paralyziiu;  the  oxygen-consuminR  metabolism  of  the  cells.) 
K  Digitalis. —  Substitute   blood    with    i;  1,000    Digitalis    (i    c.  c.   of 
10%   to    100  cc.   of  diluted   blood):     Strong  vasoconstriction. 

Summarise  the  effects  of  Cyanids  and  of  Nonnat  Saline  Soiution  in 
Chapter  XXXVUi,  Nos.  36  and  37- 

,  EXERCISE  73  — CIRCULATION  THROUGH  EXCISED  SPLEEN 
H  OR  INTESTINE. 

^^n  this  exercise,  the  drugs  are  injected  slowly  into  the  circulation  by 
means  of  a  hypodermic  syringe.  The  experiment  may  be  modified 
by  adding  the  drugs  directly  to  the  perfusing  fiuid,  and  by  using  cold 
or  warm  defibrinaied  blood. 

t.  Perfuse  with  1%  Nad  and  in  10  minutes  obsene  the  rate  of 
f?OW    (drops  per  minute)   and  oncometer 

a.   Suprarenal. — Inject  5  c.  c.  of  i ;  lo.ooo  adrenalin:  vasoconstriction. 

3.  Nitrites. —  Inject  5  c.  c,  of  I :  too  sodium  nitrite  :  vasodilation. 

4,  Digitalis. —  Injt'ct  5  c.  c.  of  1:  too  digitali!;:  vasoconstriction. 

5.  Chloral. —  Inject  5  cc.  of  i :  100  chloral:  vasodilation. 

6,  Barium. —  Inject  S  cc.  of  1.1*000  barium  chlorid:  vasoconstric- 
tion. 

Instead   of   injecting   the    stronger   solutions,   wealcer   concentrations 

I  be  perfused  as  in  Experiment  71  ; 
2.  .\drenalin,  i  ■50,000  =  2  cc.  of  01%  to  loo  c.  c   of  t%  NaCI. 
3.  Sodium   Nitrite,   i:  2,000=  J-j  c.  c.  of  10%   to  too  c.  c.   of  1% 
NaCl 
4.  Digitalis,  i  :  i.ooo^l   c.  c.  of  to%  to  100  c.  c.  of  1%   NaCI 
5.  Chloral.  I  :  1.000=1  c.  c.  of  10%  to  too  c.  c.  of  T%  NaCI. 
6.  Barium,  i;  20.000=  i-'i  c.  c.  of  1%  to  100  c.  c.  of  1%   NaCI. 
HMmarke  the  effects  of  Nitrites  and  Barium  itt  Chapter  TV.  Nos. 
S8  and  /p. 


EXERCISE   74.— EXCISED    M.\MMALI.\N    HE.\RT    (LAN- 
GENDORFF).* 

Review  page';  805  to  80^ 
Special  Materials  Needed: 

I  MorphiniTicd  dog. 

L Perfusion  apparatus   (Fig.  127,  see  below):  Bone  Forceps;  Aor- 

^^ft  tic  Cannula;   L^irt^e  evaporating  dish,  glass  rods,  large  funnel 

^^M         and  cotton,   2  lar^ie  beakers,  oxygcn-tanW. 
^V      7  Liters  of  Locke's  I'luid  (see  Index)   at  40*  C. ;  15  c.  c.  each  of 
^H  Strychnin.    1:5.000;    Caffein,    1:5.000;    Chloroform,    saturated 

^^ft  in  normal  saline;  Adrenalin,  i;  10.000;  Potas«;ium  chlortd. 
^^1  I :  too:  Camphor,  saturated  in  normal  saline;  Digitalis. 
^V         1 :  100. 

Distribution  of  Work    (see  page  790)  : 

Students  E  and  F  =  place  T;  A  and  B=apparatus  and  tracings; 
C  and  D^place  III  and  hcart-couui.  If  several  sets  do  the  experi- 
ment, one  may  attempt  all  the  numbers,  another  may  do  I,  2,  5,  6,  and 
,  7,  a  third  i,  2,  and  7. 

'*  Exercises  74  to  76  are  assigned  to  different  sets. 
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Observations  Required: 


Conclusions    Irom    individual    ex- 
perimenis : 


w  ■ — 


Stre.n'ctb        r  c  Heabt 

OF  £3       Rate.  Rrgulanty. 

SoLtTios.        ^3         and  Slrcnjflh. 


UU) 


?i 


f-2 


CfincIii*ions   from  clau-mrrk 


Perfusion  Apparatus  t_Sec  Fig.  127). —  A  large  water  hiih  tr*» 
hcaieiJ  liy  a  Uiin>cii  vt  alcuhol  burner,  is  arranged  on  b  shelf,  tp 
cm-  above  the  table  In  thi<  is  set  a  J-gallon  1>ott1c.  cnntaininf  ; 
liters  of  fresh  Locke's  Fluid.  Into  this  bottle  dip«i  a  *ipho(i.  a  rumni 
orifice  tube  cunnetled  with  the  o.\ygen-tank*  and  a  tbentwmncr 
The  siphon  tube  if  prolonged  to  llic  tabic.  .\  T  piece,  /' *  i*  in>tftfd 
near  the  lower  end,  the  free  litnb  being  closed  by  a  Muhr**  cliaif- 
The  tube  terminates  in  another  T.  f".  which  bcarx  the  Iwilb  of  a  iVf- 
mometer.  This  T  i?  joined  to  the  aortic  cannula,  and  <.nnTi.  ,ri.-.I  U  i 
clamp  and  stand,  over  the  hot-water  funnel  /.  This  ri 
a  Bnnsen  or  alcohol  flame.  A  pin  is  hooked  to  the  ape\ 
h,  and  connected  with  a  string,  which  passes  through  ilic  •lean  "I  "^ 
funnel  to  a  muscle  lever,  mi.  / .  writing  on  the  drum  d.  Thf  If^'  » 
wcigiited  with  a   10  Gm.  counterpoise.     It  is  best  lo  at'  "i 

10  the  lever  with  a  pin,  so  that  the  excursions  can  be  r^ ; 
or  2  inches.     A  beaker  is  set  beneath  the  funnel    lo  cairn   (Hr  i"'-^ 
Several   drums   should   be   smoked    in   .idvancc.     The   whole  app^c" 
shoiiU!  he  ready  before  the  hran  i*  cxci*crl 

Preliminary  Operations.—  Whilst  the  apparatus  is  being  set.cpi  •« 
dog  I!-  .ine«thcii?ed,  and  cannula  are  tied  in  the  trachea.  c^rjiJ  ^ 
femora]     vein     The    latter    is    connected    with    the    tni-r 
The  dog  is  now  bled  from  the  carotid  as  long  as  the  >■ 
strong  stream.     The  carotid  is  climpcd.  and  the  bl»  .  -j   i.       ;' 
strained,  and  heated  to  45**  C,  and  fvoureil  into  J\       1'.-  'kj': 
exposed  a*  described  on  pane  80Q,  nr  '  ■      * 

The  carotid  is  ag.tin  rfj)cncd.  .ind  tli- 
time  a  liter  of  w;irm  LiK'ke*  Fluid  1 
vein.     The  diluted  blood  is  collected 
tid.  defibrinated.  strained,  mixed  will; 
drawn,  heated  to  4S*  C  and  poured  into  the  r 

The  resenoir   is  now    shaken,  so  as  to  mix 
stream  of  oxygen  is  passed  through  it.    The  ^i|*him  tube  ts  6iW  •'* 
the  blood. 

In    the   meantime   the   hewirt   i*   excised   with    an    indi  of  the  ^^ 
and  with   the   lungs.     The   lam-r  are   irimmrd   awav.  the  penurii* 
is  ftlil  open.     -All   branches  of  the  aorta  arc  !rr*      ^'-   —      ..,."'1 
(page  8o7>    i-*   intr>.dnced   and   secured  by  »   Tr 
thnt  it  does  not  interfere  with  the  play  of  the     1. „.    


EX.    74:    LANGENDORFF    HEART. 


937 


Rorta  is  clamped  below  the  cannula;  this  is  filled  with  blood,  con- 
nected air-free  with  T'.  and  supported  in  the  clamp.  The  pin  is  hooked 
into  the  apex,  connected  with  the  lever,  tlie  clamp  on  the  aorta  is 
removed,  and  the  perfusion  is  started.  The  pressure  closes  the  semi- 
lunar valves,  so  that  the  fluid  is  forced  through  the  coronary  circulation, 
escaping  through  the  right  auricle  (Fig.  1^,  page  8q6)  and  into  the 
beaker.  The  flow  should  be  rather  free,  the  beaker  being  frequently 
exchanged,  the  unpoisoned  blood  being  rclnmcd  to  the  reservoir.  If 
it  is  loo  free,  some  of  the  veins  may  be  closed  by  bulldog  forceps. 
See  that  the  thermometer  in  T"  registers  38  to  42°  C. 

r 


r^ 


s 


K 


^ 


dz 


M 


?. 


Fis.  127,  Apptraius  for  Langcndorff  Ucut  (see  text). 


The  heart  will  begin  to  heat  in  a  very  short  time,  at  first  feebly  and 
irregxilarly,  but  soon  with  strong,  regular  beats.  The  observations  and 
tracings  may  be  started  at  this  time.  The  solutions  should  be  in- 
jected just  below  T'  with  a  hypodermic  syritige,  thrust  obliquely  through 
the  rubber.  The  injections  should  be  made  trry  slowly,  and  continued 
until  The  desired  effect  is  obtained. 

(Instead  of  injecting  the  drugs  with  a  syringe,  they  may  be  added 
directly  to  the  perfusing  fluid,  in  the  proportion  of  about  1 :  25.  A 
sec'Tul  reservoir  will  be  necessary.) 

Experiments. —  i.  Strychnin.— I  Fig.  46.  page  uq:  Chapter  VIII). 
—  Obtani  a   normal   tracing.     Inject   1:5,000  Strychnin.     According  to 
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Ihe  dose   (which   is  really  inversely  proportional   to  the   rale  of 
fusion),  one  may  obtain: 

(a)  no  effect : 

(b)  increased  excursions    (Fig.  46  E) ; 
(r)  diminished   excursions    (Fig.  46   F). 

J.  Caffeifi.— (Chapter    VIM).— Inject    i :  5/x>o    Caffein.     Acco 
to  the  dose  one   tnay  obtain  quickening  and  increased  excnrfiont ; 
sIowinR  with  diminished  excursions. 

3.  Chloroform.— (Fig.  82  F.  page  4^(0 :  Chapter  XIX >.— Inject  a 
saturated  solution  of  chloroform  in  normal  saline:  The  heart  is  slowed 
and  espfcially  weakened.     Proceed  to  4  before  it  ha?  quite  stopped. 

4.  Adrenalin. —  (Fig.  63  and  64,  page  290;  Ch.-ipter  XIII).  j  Injert 
1 :  to,ooo  adrenalin :  The  heart  revives  promptly  and  beats  poiMr- 
fuUy. 

5.  Potatiium.— (Fig.  91,  page  557:  CHiaptcr  XXV) — Inject  1  too 
KCI :  Sudden  paralysis  of  the  heart.  Recovery  may  be  spontaneous, 
or  occur  by  6,  which  should  be  vindertaken  at  once. 

6.  Camphor. —  (Chapter  XXI>. —  Inject  a  saturated  solution  of  cam 
phor   in    normal    saline    solution:     The    heart    revives   or    is    strcn; 
encd. 

7.  Digitalis.— (Chapter  XXII).— Inject  IMOO:     The  heart  is 
quickened    and    strengthened.     The    tonus    increases.     Finally    it 
into  delirium  cordis  and   stops   in   systolic  position.     Compare  the 
feels  with  those  in  an  intact  animal,  Exercise  62.  No.  j. 

Summan'cf  the  effects  of  Suprarenal.  Potassium,   and   Camfh<rr  in 
Chapter  XXXVJIJ,  No.  40  to  4J. 


'am- 


EXERCISE  75— ISOLATED   MAMMALIAN  HEART   (MARTIJf 
AND   APPLEGARTH). 

Review  pages  000  and  consult  Fig  124,  page  000. 
Special  Materials  Needed: 

Morphinizcd  dop. 
Liter    injection-bulb,    suspended    1.4    meters    above    the    laNc^ 
connected  with  a  tube  reaching  to  the  table,  terminarmg  in  « 
aortic  cannula,  and   cloficd   by  a    Mohr's  clamp.     Mttscle-levcf 
and  drum.     Capsule,  glass  rod.  funnel,  cotton,  and  beaker  (ft* 
dcfibrinating  blood).     Bone-forceps. 
00'^    NaCl  solution  at  45"  C   ('-4  L.);  Digiulis.  I%   (10  cc). 
Distribution  of  Work    ( see  page  790) : 

Students   A   and    B  =  place    I;   C  and    D  =  apparatus  and  tntcmp', 
E  and  F^III  and  heart  count. 


Obervations  Required: 

Strength 
Time.           Drug.                  of 

Solution. 

HfART 

Rate.  Regularity. 
and  Strength. 

'(ITI) 

U 

^              (I) 

1 

«    from    individual    ex-       Conchisions  from  claM-wofi. 
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Preliminary  Operations, —  Anesthetize.  Place  cannulx  into  trachea 
and  carotid.  Draw  150  c  c.  blood;  dcfibrinate;  strain  through  cotton. 
Mix  with  500  c.  c.  of  warm  saline.  Fill  injection  funnel  and  tube, 
free  from  air.  Commence  artificial  respiration;  open  chest.  Slit  peri- 
cardium. Isolate  aorta  and  vena  cava.  Insert  aortic  cannula  central 
to  origin  of  carotid.  Remove  clamp  on  injection  tube.  Tic  vena  cava 
at  entrance  into  heart.  Hook  pin  into  the,  apex,  and  connect  with 
muscle-lever      Take  normal  tracing  and  observations. 

Inject  1%  Digitalis  very  slowly  into  the  aortic  cannula,  with  a  hypo- 
dermic syringe.     Consult  Exercise  74,  No.  7. 


^ 


EXERCISE  76.— ISOLATED    MAMMALIAN    HEART    (BOCK'S 

METHOD). 
Review  pages  000. 
Special  Materials  Needed: 

Morphinizcd  dog.     Y  piece.     Screw  clamii. 

10  c.  c.   each   of   Strychnin,   Vi«% ;   CaffeitL   Viob%  ;   Chloroform, 
saturated   in  normal  saline;  Digitalis,  >§%. 
Distribution  of   Work   <  see  page  000)  : 
Students  C  and  D  —  place  I ;  E  and  F  =  II ;  A  and  B  =  IIL 


Observations  Required: 

Dale : 


Weight  of  animal 


Blood   Pressitrk 


Time. 


Dauc. 


h- 


Stuescth 

OF 

Solution. 


o5    Sx     o-ou 


2 


(I) 


(H) 


Heart 

Rate.    Regularity, 

and   Strength. 


Remarks. 


nil) 


Conclnsions    from    individual    ex* 

perimcnts : 


Conclusions  from  class-work: 


Preliminary  Operations.—  Prepare  for  blood  pressure  tracing. 

Anesthetize  the  dog.  Tic  cannttlx  into  the  trachea,  into  both  carot- 
ids and  in  one  external  jugular  vein  ("page  Rog)  Connect  one  carotid 
for  Wood  pressvire.  Join  the  other  carotid  and  the  jugular  by  the 
Y  piece,  connecting  the  third  limb  of  the  Y  with  the  injection  burette 
TFig,  124,  page  806)  (The  pressure  apparatus  is  superflnou?:  suflficieni 
force  can  be  exerted  by  blowing  into  ihc  burcrtc.)  Place  a  screw 
clamp  on  the  carotid,  central  to  the  Y,  and  a  pinch-cock  on  the 
burette.  Fill  the  connections  with  saline.  Begin  artificial  respiration 
Open  the  chest;  place  ligatures  around  the  aorta  (just  below  the  carot- 
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ids)    and   on    the    inferior    vena    cava.    Tighten    the    ligatures    simul- 
taneously and  open  the  clamps  on  the  neck  vessels.     Adjust  the  screw 
damp  on  the  artei^  so  that  the  circulation  is  free,  but  the  blood  pr^ 
sure   fairlv  hisii.     Take  tracing  and  observations, 

Experiments. —  i.  Strychnin,   1:10,000:    See   Exercise   74,  N<xl 
If   the   subclavian   artery   has   not   been  tied,   the   animal    may  cxhtl 
Baglioni's   phenomenon;     On    striking   the    foreleg,   the    whole   animal 
goes  inlo  convulsions;  if  ihc  hindlegs  arc  struck,  there  is  no  com 
sion. 

Explanatory. —  The  conditions  are  shown  in  Figf.  45,  page  145,  (( 
experiment   being  usually  performed  on  a   frog).     The  lower  porti< 
of  the  cord  have  been  practically  excluded  from  the  circulatiim  by 
ligation  of  the  aorta.    Only  the  tipper  portion  is  therefore  exposed  to 

the  strychnin.     The  path  goes  through  a  poisoned  sensory 

10  an  unpoiioned  motor  cell.     Its  excitation  causes  convulsions.    The 

path goes  through  an  unpoisoned  sensory  and  a  poisoned 

motor  cell.     \U  stimulation  does  not  produce  convulsions.     It  muH 
concluded   thai   the  convulsant  action   of  strychnin   is   exerted   on 
sensorv  and  not  on  the  motor  cells  of  the  cord. 

a.  Caffein,  i  :  10.000:     See  Exercise  74,  No.  2. 

3.  Chloroform,  saturated  solution  in  normal   saline:     See  Exei 
74,  No.  3. 

4.  Digitalis,  1:500:    See  Exercise  74,  No.  7. 
Summaricc  the  effects  of  Slrychnhit  Caffein.  Anesthetics,  and  Di% 

talis  in  Chapter  XXXl'ilL  No.  43  to  46. 


mal 
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CHAPTER  XXXVITT. 
SUMMARIES  OF  THE  ACTIONS  OF  DRUGS. 


The  student  will  enter  the  condensed  conclusions  of  the  experi 
in    these   schedules.     The   summaries    in    the   text-book   may    ferve 
models,  and  the  explanatory  text   may  be  consulted:   but   the  stw 
should    accustom    himself    to    draw   critical    independent    conclasi 
These  should  be  committed  to  memory. 

This  chapter  will  also  servo  as  an  index  guide  10   the  experinw 
The  numbers   refer  to  the  exercises.    The  drugs   are  arranged  in  the 
order  in  which  their  study  is  completed  in  the  practical  work. 

No.   T.  Cannabis  Indica  (2^.\\). 

Symptom*; : 

Absorption : 

No.  a.  Effecti  of  Colloids,  etc.,  on  Absorption  and   Irritatl 
(18  C  — 24.    IV— 25): 

No.  3.  Excretion  of  iodld  (1^118  —  26.1  —  271   and  2) 

Urine : 

Saliva : 

No.   4,  Permanganate  in   Poisoning   (14  —  ^11/ 

No.  s.  Apomorphin    (28.3  —  30.1). 

Emetic  Action:  • 

Effects  on  Pulse  and  Respiration: 

Effects  on  higher  centers: 

Idiosyncrasy: 
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No.  6.  Zinc  and  Copper  Salphate  (30.2). 

Emetic  Action: 

No.  7.  Colchicum  (32.1). 

General  Symptoms: 

Alimentary  Canal : 

No.  8.  Mercury. 

Alimentary  Canal  (32.2) ; 

Kidneys  (33.5): 

Eye  (27.2)  : 

Infusoria   (20.3)  : 

No.  9.  Phorrhizin  (34.1). 

Urine : 

No.  xo.  Antipyrin. 

Temperature  (36.6  and  7)  : 

Hemoglobin  (21)  : 

No.  II.  Picrotoxin  (38.  II). 

Motor  System: 

Symptoms : 

No.  la.  Sapotoxin. 

Muscle  and  Nerve  (42.  IV) : 

Mucous  Membranes  (18.  B) : 

Blood   (22): 

No.  13.  Qnlnin. 

Muscle  (45)  : 

Heart  (49)  : 

Leucocytes   (20.5)  : 

Infusoria  (20.3)  : 

Yeast  (20.2)  : 

No.  14.  Cocain. 

Sensation  (43.III) — also  Eucain  and  Yohimbin;  Orthoform'  (27.3): 

Taste  (43-  H)  : 

Motor  Nerve  (43.  IV)  : 

Pupil  (27.3  —  54-4): 

Vessels  (27.3)  : 

General  Symptoms  (36.3) : 

Temperature  (36.3)  : 

Infusoria  (20.3) : 

No.  14a.  Dionin   (54.4). 

Conjunctiva: 

No.  15.  Asphyxia  and  Carbon  Monoxid. 

General  Symptoms  (39.  IV)  : 

Motor.  Eflfects  (39.  IV)  : 

Circulation  and  Respiration   (58.8) : 

Hemoglobin  (21)  : 

Treatment  (39.  IV  — 58.9): 

No.  16.  Ergot. 

Circulation  and  Respiration  (S9-3)  : 

Rooster's  Comb  (51.1)  : 

No.  17.  Carbolic  Acid. 

Local  Actions  (18.  C)  ; 

Circulation  and  Respiration  (59.5)  : 

Motor  System  ("59.5)  : 

Treatment  (18.  C  — 59-6): 

Hemoglobin   (21)  : 

No.  I7«.  Hydrastis  C59-3a). 

Circulation : 


Kvcspiiatiuii    VJ"-^    

Heroin  on  Respiranon 

Gastrointestinal  Canal 

Temperature   (36.2) : 

Glycosuria  (34.2)  : 
No.  ao.  Ammonium  Salts  (63.2) 
Circulation  and  Respiration: 
No.  31.  Aconite. 
Heart.  Frog  (49)  : 
Mammalian  Heart  (637): 
Circulation  and  Respiration  — 

Therapeutic   < 524  —  594)  : 

Toxic  (637)  : 
Taste   (18.  R  — 43   1  —  52-4): 
Other  Symptoms   (524)  : 
No.  aa.  Veratrin. 
Muscle   (45.  I)  : 
Heart.  Frogs    (49): 

Mammalian   (63.8) : 
Circulation  and  Respiration   (63.8) : 
General  Symptoms  and  Motor  Effects  (39.  11 — 45 
Intestinal  Canal   (324)  : 
Mucous  Memhrane   (18.  B)  : 

No.  aj.  Sulphates. 

Abstirption   (03.r )  : 
On  Chlorid    Excretion    (65.1): 
On  Carbolic  Poisoning  (59.6)  ; 
No.  a4.  Hemorrhage. 

Circulation    riiid    Respiration    (65.3) : 
Treatment   (654  and  5)  : 

No.  as.  Muscarin  (50.  I). 

V.'igus : 

No.  a6.  Curare. 

Muscle-Nci^rc   (42.  I — 632): 

Vagns  (63.2)  : 

Circulation  and  Respiration  (63^)  : 

Tr^afin*«nt    f  tf     I As  ■»!  ■ 


No.  a6a.  Mi  _ 

General  Effects  (40.^ 
Local  Effeilf  <43._r 
Heart  (63,  5) ; 
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Pilocarpin : 

Peristalsis  (67.6) : 

Circulation  and  Respiration  (67.6) : 

No.  39.  Nicotin. 

Vagus  (50.  II  — 67.7): 

Perisulsis   (67.7) : 

Circulation  aod  Respiration   (51.2  —  67.7): 

Vessels  (51.2)  : 

General  Symptoms,  Frog  (42.  II  and  III) : 

Mammals  (24.  Ill  — 51.2): 
Glands  (24.  111  —  554): 
Pupil  (51.2  —  67.7): 
Muscle-Nerve  (42.  II)  : 

No.  30.  Atropin. 

Glands  (52-3  —  55-3  and  4) : 

Pupil  (52.3  —  54.1—67.8): 

Vagus  (50.  I  — 52-3  — 67.8): 

Circulation  and  Respiration  (52.3  —  61.6 — 67.8): 

General  Symptoms  (28.1 — 52.3): 

Peristalsis  (67.5  and  8)  : 

Idiosyncrasy  (28.1)  : 

Antagonism  (55-3»  etc.)  : 

No.  3X.  Arsenic. 

Alimentary  Canal  (32.3  —  67.9)  : 

Kidney  (331)  : 

Blood  Pressure  (67.9)  : 

No.  33-  Salt-Action. 

Kidney  and  Urine  (23.3  — 65.1  — 7ai  and  2): 

Muscle  (46.  I  and  III)  : 

Heart  (46.  IV)  : 

Nerve  (46.  II)  : 

Peristalsis  (46.  V  —  67.2): 

Blood  (22  —  23.2)  : 

Absorption  (63.1)  : 

No.  33'  Caiclum. 

Kidney  and  Urine  (70.3)  ; 
Muscle  (46.  Ill)  : 
Peristalsis  (46.  V)  : 

No.  34-  Citrate. 

Kidney  and  Urine  (23.3  —  70.4): 
Muscle  (46.  Ill)  : 
Peristalsis  (46.  V)  : 

No.  as*  Circulation  on  Kidney  (69  —  70.5). 
Arterial  Pressure : 
Venous  Pressure : 
Ureter  Pressure: 

No.  36.  Hydrocyanic  Acid. 

General  Symptoms   (24.  Ill)  : 

Nerve   (43.  IV)  : 

Kidney  Vessels  and  Urine  (71.2  —  72.5): 

Oxidation  (72.5)  : 

Hemoglobin   (21)  : 

No.  37-  Normal  Saline  Solution. 

Orculation  and  Respiration   (58.7  —  62.1 — 65.1): 
In  Hemorrhaffe  (65.4)  : 
Heart  (46.  IV)  : 


irculation  an^K* 


and  KM^rafS^TosS^t 
Urine  (65.6  — 71. "i)  : 
Muscle   (46    III); 
No.  40.  Suprarenal. 
Vessels    (27.3  — 51.4  — 71. 1— 73.2): 
Heart   (49  —  74.4)  : 

Circulation    (and  vagus)    (58.7  —  59^  —  6.^6): 
Urine   (71. l)  : 
Glycosuria  (34.3)  : 
Absorption    (24.  VII): 
No.  41.  Potassium. 
Heart,  Frogs  (49) : 

Mammalian   C74.5)  : 
Muscle   (45.  I) : 

Circulation  and  Respiration  (63.5)  : 
No.  43.  Camphor. 
Motor  System   (30    III): 
Heart   {49  —  746)  : 


No.  43. 

General 


Strychnin. 

Svinptoms   (24.  I,  IV,  V  —  39): 
Motor  System  (29  —  3^.  1—39-  I  —  74-1 — 76.1) 
Rigor    (29.— 39  I  — 74.1)  ; 
Heart  (49  — 7^0  : 
Circulation  and  Respiration  (59.7  and  8  —  61.7  and  8— i 

Therapeutic : 

Toxic: 
Treatment  (29)  t 
Taste   (43-  H): 
Infusoria  (20.3)  : 
Yeast   (20.2) : 
No.  44*  Caffeln. 
Heart   (49. —  74-2  —  76.2): 

Circulation  and  Respiration  (29  VI  —  61.3  —  63.4): 
Urine.  f65.2  —  72.4)  : 
Muscle  (45.-62,5)  : 

No.  45.  Alcohol,    Ether.    Ethyl    Chlorid,    Chlor 
Urethane,  etc. 

Centra!  Nervous  System,  Consciousne&s.  Reflexes,  Rt 
eral   CimibitinTi.  mtr^  ^— _ 
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iconoi,  etc. 

Ciha   (44.  1): 

Seeds    (44.    II)  : 

Muscle   (45.  V  —  65.7): 

Treatment   (^    HI  and  VI  —  58); 
No.  46.  Digitalis. 
Heart.  Frogs   (,49) ; 

Mammalian    ( 74.7  —  75  —  76.3 ) : 
Vessels    (513   and  5  — 71-3  —  72.6  — 73.4)  : 
Circulation  and  Respiration   (62.3):        Strophanthus   (62.4) 

Therapeutic: 

Toxic: 
Pulse    (Man)    (52.3]: 
Idius}rncra!iy  (28.2) : 


CHAPTER  XXXIX. 
DOSES  FOR  ANIMALS. 


fThe  drugs  are  arranged  alphal>et!cally :  in  the  case  of  salts,  hy  the 
mcirc  important  ion.  In  the  case  of  crude  drugs,  the  dnse  refers  to 
fluid  preparations.  The  "just  fatal"  do>es  have  generally  been  worked 
out  with  considerable  accuracy,  hut  may  vary  somewhat  with  different 
samples  of  the  poison,  and  with  each  lot  of  animals,  The  doses  marked 
with  an  asterisk  <*)  liavc  been  confirmed  hy  the  author:  the  others 
were  co?TipiIed  from  pharmacologic  literature.  F,x.  sig'nifies  that  the 
drug  is  used  in  the  experiments  of  this  course.  The  reference  may  he 
located  by  consulting  the  guide  in  Chapter  XXXVIII,  pages  940  to  945. 

Avftxs.—  Rahhit,  0.01  mg.  X  Kg.,  vein,  just  fatal  Local,  eye:  just 
causes  not  dangerous  ophthalmitis. 

AcETAMLii). —  Matt.  0,3  Gm.,  mouth,  indophenol  reaction  in  urine. 
Kx*  Doi*.  0.7  Gm.  X  Kg.,  stomach,  cyanosis  and  methemnglobine- 
mia,  fatal  in  nine  hours.  J^abbit.  0.2  Gm.  X  Kg .  stomach,  slowed  heart 
and  respiration,  paralysis  of  legs,  recovery  in  tlirec  hours.* 

Acetate  Sodium. —  i\fan^  3.6  Gm. :  urine  becomes  alkaline  and  ef- 
fervesces with  acids  in  two  notfrs.  Dog.  35  c.c.  X  Kg.  of  1.94%  crys- 
tals, vein,  not  dangerous*;  3  Gm.  X  Kg.,  vein,  just  fatal.* 

Acid,  HvDROtHLOHic — Rabbit,  i  Cm.  X  Kg.,  as  t%,  stomach,  slowed 
heart  and  resniration.  ascending  paralysis,  convulsions,  death  in  12  to 
45  min.*  Guinea  Pig,  10  to  50  c.c.  of  1%,  rectum,  slowed  heart  and 
respiration,  convulsions,  fall  of  temperature,  death  by  respiratory  fail- 
ure in  12  to  45  minutes,  earlv  rigor.' 

Acid  T.witaric. —  Guinea  Pig.  o.i  Gm.  X  Kg.,  as  0.5%,  subcutaneoiis, 
reduces  alkalinity  of  hlood  for  experimental  nurnoses. 

Acip  Phosph.nte  Sodium  for  Na,HPO,  +  H:.PO,  til!  Congo  paper 
is  Mued). —  10%,  intravenously,  produces  acid-action  in  dogs  or  rab- 
bits. 

AroiN. —  Local  anesthetic,  ^  to  1%. 

Acn.MTE. —  Pog.  0.04  Gm.  X  Kg.,  suhcutaneous,  nausea,  incoordinated 
movements,  irregular  heart  and  «;lowed  and  irregular  respiration,  con- 
vulsions in  25  minutes,  death  in  .V4  minutes*  Aneslhrti:ed  dog.  0.015 
Gm.  X  Kg.,  vein.  therap«mic  dose,  blood  pressure.  Ex.*.    o.io  Gm.  X 

'  For   fatal  Jom   uf  a   Hcrics   of    Sodium   Salu.  s«c    Sablialani 
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Kg.,  vein,  fatal  <Cardiomyogram)  Ex.*.  Anrsthctisfd  rabbity  zs  doR.* 
Guinea  PtR.  i  c.c.  of  50%.  subculancons,  fatal  in  1,1  minutes;  X  c.c  of 
i:  150  subcnlaneovis,  fatal.*    frog's  heart,  local  application,  i  :  25,  typ- 


ical action  (Ex.)*. 
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Rahbit. 
Subcut . . . 

Guinea, 

Subcnt 

Pificon. 
Subcut 

Frog, 
Subcut . . . 


Petit.  .      Merck. 


Fro/r 


<o.i  msr. 

X  Kg. 

0.5  mg. 

X  Kg. 


<o.22  mg. 
X  Kg. 


<i.s  mg. 
X  Kg. 

<2.    mg. 

X  Kg. 


Friedlan- 

DER. 


>6  mg. 
X  Kg. 

<I.S  mg. 
X  Kg. 


<o.4   m.g      <t.    mg.     <20o.  mg. 

o.i5mg. 
X  Decagr. 


Source 

Nor 
Stat&h 

Just 

Fatal 

Just 

Fatal- 

.06  mg.  ]vst 
X  Kg.      FataL 

Jast 
Fata!. 

4  mg.  Just 
X  D«:agr       Fatal 
Just 

Fatal 


-Acrolein. —  Mammals,  0.15  to  o^  Gm.  X  Kg.,  stomach,  just  fatal. 

Adbenaijv.— '/<-i^.  focal  vasoconstriction^  Ex.  Het-ix'al  of  kturi 
50  c.  c.  X  Kg.  of  1:50,000  normal  salt,  vein,  Ex.*  Anesthrticfd  Pot, 
0.03  to  0.05  mg.  X  Kg.  vein,  ordinary  dose,  Ex.*  (blood  pressure). 
o.ooi  causes  14  mm.  of  rise.  Rabbit,  i  to  2  mg.,  subcutaneous,  glyros- 
uria  in  a  few  hours  (Ex.*).  0.4  to  0.5  mg.  X  Kg.,  intramusculaT.  bl«^ 
pressure.  Fatal  Dose:  Dog,  1  to  2  mg.  (o.i  lu  0.25  mg.)X  Kg,  vem, 
5  to  6  mg.  X  Kg..  sul>cuianeous :  Rabbit,  0.4  mg.  X  Kg.,  femoral  netn; 

02  mg.  X  Kg.,  jugular  vein;  Guinea  Pig.  0.1  to  0.2  mg.  X  Kg^  rein; 
Cat,  0.5  to  0.8  mg.  X  Kg-  vein. 

Agi'rin. —  Rabbit.  0.4  Gm.  X  Kg.,  stomach,  diuretic*;  50  tug.  X  Kg.. 
vein,  diuretic,  Ex.*. 

Albumose. —  Rabbit,  3  to  5  c.c.  of  ao%,  subcutaneous,  rise  of  tem- 
perature to  40.3"  C,  Ex.* ;  Dog,  0.3  to  0.6  Gm.  X  Kg-,  vein,  render* 
blood  non-coaguIah!c    (•). 

Ai.coHoi.  (Etmyl). —  Xfan,  10  Gm.,  mouth,  first  increases  ihet»  de- 
creases muscular  work;  Mawmals.  0.25  to  0.75  c.c.  in  6  to  2S'^  "^U 
increases  respiration;  25%,  vein,  does  not  coagulate  blood  (•>  ;  /?ii6W, 
10  c.c.  X  Kg  of  50*7t.  stomach,  paralytic  stage.  Ex.  (.Antidote)  (•): 
lowers  hyperpyrexia;  2.5  to  4  Gm.  X  Kg.,  narcotic,  recovery  in  1  to  2 
hours;  4.5  to  6,  recovery  in  6  to  10  hours;  6.25  to  7.2.S.  just  fatal;  Ce* 
4  c.c.  X  Kg.,  peritoneum  (as  40%),  coma,  not  fatal  (*) ;  8  cc  (in 
two  doses.  6  hours  apart),  coma  lasting  2I/3  days,  ending  in  death  I*). 
Gttitiea   PiRs.  4   c.c.  X  Kg,,   peritoneum,   coma,    not    fatal    (•>.      Frt^zt» 

03  c.c,  stibctitancou*.  ordinary  close;  0.6  c.c.  fatal  dose  .-in^stk/^ 
tised  Dogs,  35  c.c.  per  Kg.  of  3%,  vein,  not  fatal  (•> ;  25  c.c  of  s^*^- 
stomach,  fall  of  blood  pressure,  not  fatal  (•).  Ejrcisf'd  matumaJioM 
heart,  0.13  to  0.3%,  stimulant;  above  J%,  depressant 
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Alcohols,  Higher. —  Rabbit,  stomach,  Gm.  X  Kg.: 


Kecuvexy 

IN     I    TO    J 

Hours. 


Methyl 
Ethyl  . 
Propyl 
Butyl  . 
Amyl  , 


3-2 
2.5 
1.6 

1.0 


to   5.2 

to  4.1 

to  24 
to  1.5 


a83  to  II 


R  ECOVERV 
IN    0    TO     10 

Hours. 

5.6    to  6.g 
4.45  to  6.15 
2.58  10  2.g6 
1.65  to  2.0 
1.25  to  1.66 


Just 
Fatau 


72     to  0.03 

6.25  to  7.44 

3.0  to  J.46 

3.1  to   2.44 

17    to  1.9s 


Aleu'ron  Suspension. —  Subcutancously,  aseptic  inflammation  in 
mammals. 

Alkaloids.— L<»ffl/  doses:  Bye.  Vi<»%  to  1%;  heart,  muscle,  and 
nenc,  '/»  to  I^%   (•). 

AuiiN. —  Rabhit,  2  to  4  c.c  of  warmed  5%  aqueous,  subcutaneously I 
tem|K>rary,  acute  diffuse  nephritis  (•)  Ex.  Dnscs  above  4  c.c.  are 
apt  to  be  fatal;  continued  use  causes  contracted  kidney. 

Alum. —  0,25   to  0.5%   introduced   into   intestine,   retards   absorption. 

Aluminum  (calculated  as  mcial). —  Just  fatal  dose,  subcutaneously. 
Frog.  12-16  mg. :  Rabbit,  160  mg-  X  Kg.;  Cat,  150  mg.  X  Kg.;  Dog, 
130  nig.  X  Kg. 

Ammuma,  Inhalation. —  Rabbit.  ?.\.  (*)  (Respiration):  Dog.  in- 
creased heart  rate,  slight  rise  of  pressure,  slowed  but  deepened  res- 
piration {*). 

.Ammonium  Carbonate. —  Dog.  20  cc.  of  5%»  stomach,  emetic  Ex.; 
Robbit.  0.4  Ghl  X  Kg.,  subcutaneously,  convulsions;  Frog^  0.02s  Gm., 
subcutaneously.  convulsions. 

Ammonium  CHtoRin. —  Anesthctiscd  Dog  or  Rabbit,  15  c.c.  X  Kff. 
of  1%,  vein,  increased  blond  pressure  and  respiration;  sometimes  con- 
vulsions; recovery  (*).  Ex.  0.1  Gm.  X  Kg.,  vein,  increased  respira- 
tion; 10  to  40  mg.  X  Kg.,  vein,  little  effect   (*). 

Amyi.  Nitrite. —  AtH'slhctizcd  Dog.  inhalation,  fall  of  blood  pres- 
sure and  quickened  heart.  Ex.  (*)  ;  Man,  flushing,  increased  heart, 
Ex.   (♦). 

Anesthesin. —  Just  fatal  doses:  Dog.  04  Gm.  X  Kg.,  vein:  Rabbit, 
1. 15  Gm.  X  Kg.,  stomach;  Guinea  Pig.  o.go  Gm.  X  Kg.,  peritoneum. 

.Anh-in, —  Frog.  2  drops  in  mouth,  cause  incoordination,  convul- 
sions, paralysis,  stoppage  of  heart  in   10  minutes    (*). 

Anttakiv. —  0.05  to  or  mg.  (local?)  just  stops  the  heart  of  Rana 
esculenta,  0.004  of  R-  temijoraria. 

Antimony  and  Potassium  Tartrate. —  Dog,  o.i  to  0.4  Gm..  stom- 
ach, emetic,  Ex.  (*) ;  Rabbit,  0.15  Gm.  X  Kg.,  as  2.5%,  vein,  fatal  in 
24  hours, 

ANTirvRtN  (as  .Acetanilid).— /?ofc6iV,  0.1  Gm.  X  Kg.,  stomach,  anti- 
pyretic. Ex,   (•);  metabolism.  Ex 

.AwrohEiN  HvnROtHi.oKin  (Paralysis  of  ner\'e-cells  and  endings, 
particularly  vasomotor). —  Vein.  40  to  50  mg.  X  Kg,  (as  1%);  locai^ 
1%:  perfusion,  inject  2  c.c.  of  \%. 

Apocynlm, —  Dog.  0.2  Gm.  X  Kg.,  <itomach.  emetic  (•>  :  Anesthe- 
tized Dog,  0.3s  Gm.  X  Kg.,  subcutaneous,  slowed  heart  and  rise  of 
Wood  pressure  (*) ;  Guinea.  0.1  to  0.2s;  Gm.  X  Kg.,  subcutaucon?.  no 
effect:  0.3  to  0.35,  paralyzed,  but  recovery:  0.4  to  0.5.  convulsions, 
death  in  2  to  5  hours  (♦) :  Frogs.  0.5  iuk.  X  Gm.,  no  effect ;  1.2  just 
fatal  in  15  hours  (•).     Frog's  hrart.  focal,  1*50,  slows  and  stops   (*). 

ApomorI'hin  Hydrochijorid. —  Dog,  to  mg.  (2  mg.  X  Kg.),  subcu- 
taneous, emetic  Ex.  f*) ;  Rabbit.  10  mg..  subcutaneous,  excitement 
Ex.   (•)  ;  Frog's  hearty  1 :  Joo,  local,  slows  and  paralyzes   (•) ;   li'hitf 
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ratt  o.oi   mg.  X  Gm.,  no  cfTect;  ai   mg.,  nausea  and  retching  after  30 

minutes,   recovery   in  an   hour    ('). 

Arsenate  of  Sodium. —  Guinea  Pig,  0.3  mg.,  subcutaneous,  diar- 
rhea in  50  minutes,  fatal  {,*)  ;  Anesmetized  Rabbit,  55  to  50  mg.  X 
Kg.,  vein,  fall  pressure,  enteritis.  Ex.  (•).  Rabbit,  10  mg.  X  Kg.,  *ub- 
cntaneou-i,  nephritis,  Ex.  (*) ;  5  cc.  of  5%,  subcutaneous,  fatAl. 
Ex.   (•). 

Arsenic  (Fowler's  Solution).— Stomach,  Rabbit,  a6  cc.  X  K«..  roajr 
be  fatal  inside  of  12  hours;  15  cc.  may  be  survived;  Da^.  1  cc  X 
Kg.,  voniitinff,  may  be  fatal:  3.5  cc  may  be  survived;  if  vumiting  b 
prevented  by  morphin,  0.5  cc  to  1  cc  may  be  fatal  inside  of  ti 
hours. 

Aspiix>£permin. —  Dog,  2.5  to  8  mg.  X  Kg.,  hypodermic  or  intra- 
venous: increase  of  respiration. 

Atropin  Salts. —  Dog.  0.2  mg.  X  Kg.,  subcutaneous;  not  toxic;  ei* 
fec(  on  pupil  and  heart  (*)  ;  10  mg.  X  Kg.,  vomiting  (•) ;  4  10  Ao  mg 
♦<  Kg.,  severely  toxic,  but  not  fatal,  Ex.  (*);  just  fatal  lies  brtw 
20  and  400  mg.  Cat.  hypodermic,  mg.  X  I^. :  0.02,  no  effect  on  pupil 
0.04,  good  dilatation;  ao5,  just  paralyzes  vagi.  Rabbit,  survives 
to  I  Gm.  X  Kg.,  subcutaneous.  Anesthetized  Dogs.  \  mg.  X  Kg.,  snl 
cutaneous,  paralyzes  vagi  and  dilates  pupil;  other  effects  not  seve 
Ex.  (•).  Anesthetized  Rabbit.  10  mg.  X  Kg.,  subcutaneous,  paralyr 
vagi  in  six  minutes :  4  mg.  X  Kg.,  vein,  still  active  peristalsis ;  lo 
X  Kg,,  arrests  peristalsis.  Ex.  (•)  ;  Local  'A-^  to  t%,  dilates  pupi 
Ex.  (*),  and  arrests  peristalsis,  Ex.  (•.).  Guinea  Pigs,  0.5  to  07  G: 
X  Kg.,  subcutaneous,  just  fatal.  Rat.  3.5  Gm.  X  Kg.,  suhcutan 
just  fat^l ;  o.s  Gm.,  restlessness  and  excitement;  0.1  Cm.,  only  dila 
tion  of  pupil  and  loss  of  appetite.  Frog,  1  mg,  liltle  effect:  2  m 
(per  20  Gm.),  motor  depression  with  recovery;  10  mg.  per  30 
fatal,  50  mg.,  ordinary  dose;  100  mR.,  fatal  (•).  Futg^s  heart.  1 
Vi«%,  paralyzes  vagus  (•);  1:1,000  arrests  secretion  of  mucus  fro 
Frog's  skin  (•). 

Barium   Carbon  ate. —  Dog,  4  Gm.,  stomach,  fatal 

Baricm  Chlorid. —  Anesthetized  Dog,  30  mg.  X  Kg.,  vein,  ordina 
dose  (*).  Local,  intestine.  Ex.  (•).  Frog's  heart,  1 :  looc  digita 
action.     Perfusion,  Ex.   (•). 

Rellaixinna. —  Anesthetized  Dog.  0.05  Gm.  X  Kg.,  subcutaneous 
dinary  dose. 

Benzoic  Acid. —  Frog,  I  mg.  X  Gm..  subcutaneous,  toxic;  2.5  mg. 
Gm..  fata!  in  3  hours. 

Berderin. —  Dog,  2  to  30  mg.  X  Kg.,  vein,  diminished  excitabilttir 
of  vagus.     Frog.  10  mg.,  subcuiancous,  vagus  paralyzed  beyond  gangha 

Bervu.il'm  {calculated  as  metal). —  Just  fatal  dose,  subciitaneooi 
Frog.  S-g  mg.  X  Kg. ;  Cat,  2  mg. ;  R<^bit,  3  mg. 

Bichromate    PnTAssiCM.— /^^g.    0.06    to    0.4    Gm.,    stomach. 
Rabbits,  30  mg.  X  Kg.,   sulicntaneous,    nephritis   in  24  hours,  confin< 
almost  exclusively  to  the  convoluted  tubules,  Ex.   (*). 

BoR 
effect. 


ively 
.—  D 


Boric  Acid. —  Dog,  up  to     3  Gm.  per  day,  or  Borax  to  5  Gm.,  no 


neooi^^ 

Cata^H 

ifine^^l 

1-  no  ^1 


Brlcin*  Hvdrochlorio.—  Subcutaneous.  Dog.  4.25  mg  X  Kg.,  exag- 
gerated reflexes  <"  Schrcckhafl  "> ;  4.5,  convulsions;  7.5  tetanic  Rah- 
bit.  6.25,  Schreckhaft;  7.5^  convulsive:  8.6,  tetanic;  i8>.  ji 
Pifteon,  6.0,  Schreckhaft;  26..;,  convulsive;  42,2,  just  fatal 
40.3,  convulsive;  108.2,  just  fatal.  Dog.  per  rectum,  4,a  no 
4.2s  to  16.0,  Schreckhaft;   17  to  18.  tetanic 

Cadmium  Salts. —  Dog  Clarse").  0.03  Gm.,  subcntaneotif.  Hu\ 
bit.  0.02  to  0.04  Gin..  Stomach,  fatal.     Frog,  t  mg.  X  Gm..  fatal 

Cafft.in   Citratei>. —  Man.  0.1   Gm.,   for  ergograph;  0.50  Om.. 
imal    diuretic     Dog,    i     Gm.  X  Kg.,    hypodermic,    fatal"  Anesti 
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Dag,  10  mg.  X  Kg.,  subcutaneous,  diuretic  (•)  :  to  mg.  to  ao  mg.  X 
Kg.,  vein,  accelerated  lieart,  without  increase  of  strength,  Ex.  (•), 
(myocardiogram),  respiration  increased :  20  mg.  often  tremors;  50 
mg.  X  Kg.,  vein,  acceleration  of  heart  with  weakening  of  auricles  (♦)  ; 
lOD  tn  joo  mg,  X  Kg.,  vein,  tetanus,  weakening  of  heart:  often  death 
(•)  ;  into  artery.  10  c.c.  of  t%,  rigor  (•).     fiabbit,  about  as  for  Dog; 

4  to  10  mg.  X  Kg.,  stimulates  vagus  center;  30  mg.  X  Kg.,  Mibcii- 
lancous,  increased  respiration,  Ex.  (•) ;  20  mg.  X  Kg.,  subcutaneous; 
artlidotc  to  alcohol,  Ex.  (•>.  Prog,  10  mg.,  ordinary  dose  (toxic 
rigor),  Ex.  (•);  fatal  dose.  15  mg.  (•).  Frog's  Muscie  and  Heart, 
Ex..  V^  to  1%  (•). 

Calabarin. —  Rabbit,  20  mg.  X  Kg.,  subcutaneous,  convulsions,  fatal. 

Calcium  Chlorid. —  Dog.  i  Gm.  X  Kg.,  vein,  ordinary  dose,  f'rog's 
muSL-ir.  }i%,  paralyzes   <•), 

Caixjmel. —  Ong,  04  Gm.,  stomach,  therapeutic  dose.  Rabbit.  5  to 
10  mg.  X  Kg.,  subcutaneous  or  vein,  diuresis  without  albuminuria; 
death   by  gastroenteritis    (dissolved    in   sodium   hyposulphite.    1    c.c  = 

5  niR)- 

Camphor. —  Rabbit,  2  Gm.  in  oil,  subcutaneon'i  or  stomach,  convul- 
sions, Ex.  (•);  5  Gm.,  periodic  rise  and  fall  of  blood  pre^isurc;  vein, 
1  to  2  c.c.  of  solution  of  camphor  i,  alcohol  40,  water  to  100,  cardiac 
effect.  Dog,  4  Gm.  in  oil.  stomach,  convulsions  (•).  Frogs,  o.l  Gm., 
subcutaneous,  paralyses,  fatal.  I^erfusion  of  heart.  2  to  15%  of  the 
saturated  solution. 

Caxe  SiT.AR  —  Rooster.  10  gm.  X  Kg.,  into  pectoral  muscles,  bluing 
of  comb  in  }4  ^<*  Vi  hour. 

Cannabis  Indica. —  Pog,  \  Gm.  X  Kg.,  stomach,  ordinary  dose.  Ex. 
(*^  \  subcutaneous,  little  effect  <*).  Anestheticcd  Do^,  t  Gm  X  Kg., 
'•subcutaneous,  quickened  heart  and  rise  of  pressure  <*)-  Rabbits, 
Guinea  Figs,  and  Frogs,  above  dose  has  practically  no  effect   <•). 

Canthariuin. —  Man.  0.15  mg.,  local,  vesicant;  0.2  mg.,  stomach,  al- 
buminuria: .^o  mg.,  stomach,  fatal.  Pog.  10  mg.  fatal  Pog  or  Rah- 
bit,  5  mg.  X  Kg.  (in  acetic  ether),  hypoderraically  albuminuria  in  ten 
minutes,  nephnti.*^  involving  all  structures,  Ex.  (•)  ;  0.1  to  I  mg.  X  Kg., 
slight   nephritis  involving  only  glomeruli. 

Carbolic  Acid.— Dofi.  2  to  3  Gm.  X  Kg.,  subcutaneous,  just  fatal 
(immediate  convulsions,  collapse,  fall  of  temperature).  Cat.  o.OQ  Gm. 
X  Kg.,  as  2.5%,  subcutaneous,  just  fatal.  Rabbit,  o.i  Gm.  X  Kg.,  hy- 
podermic, toxic:  0.55  to  0.6  Gm.  X  Kg.,  stomach  or  sulwutaneouSv 
surely  fatal  in  '.-5  to  2!S  hours.  Guinea  Fig.  0.4  to  0.55  Gm.  X  Kg., 
subcutaneous,  just  fatal.  H'ltiie  .\fitc.  0.35  to  oA  Gm.  X  Kg.,  subcu- 
taneous, just  fatal.  Frogs,  1  to  6  mg.  X  Dgm.  (as  5%).  subcutaneous, 
just  fatal.  Guinea  Figs,  intraperitoneal.  0.5  Gm.  X  Kg.  (as  2.5%), 
just  fatal  in  10  to  20  minute^;,  0.25  Gm.  in  36  to  48  hours  Frogs, 
placed  in  1:5.000  to  i:j.ooo,  fatal  (•).  Am-sthctised  Dog.  50  mg.  X 
Kg.,  vein,  toxic  effects,  Ex.  (blood  pressure)  (*);  stomach,  i  c.  c.  X 
Kg.,  concentrated  or  dilute,  severe  fall  of  blood-pressure,  death  after 
several   hours,   recovery   by   lavage    ('*). 

Carbon   Dist'LPHin.—  Inhalation,  like  chloroform. 

Cathartics. —  Dog.  Ex.  31. 

CEPH^r.iN. —  Man,  5  to  to  mg.,  mouth,  emetic.  Mammals,  30  mg.  X 
subcutaneous,  just  fatal.  Pog,  1  mg,  X  Kg.,  stomach  or  subcu- 
taneous, ju.st  emetic  in  Vj  to  2  hours. 

Ceril'm  (calculated  as  metal). —  Just  fatal,  subcuianeons.  Frag,  15 
to  20  mg.     Rabbit.  20  10  2^,  mg. 

Cevaoix  (•). —  Rabbit,  subcutaneous,  fi  mg.  X  Kg.,  largest  dose  with 
recovery;  3  mg.  X  Kg.,  smallest  dose  with  death  (pain,  nausea,  rapid 
re«piration,  leaps,  convulsion.*,  death  in  20  minutes  to  four  hours  by 
paralysis  of  respiration);  stomach,  10  mg.  X  Kg.,  fatal  in  33  minutes 
10  *evcral  days,  corrosion  of  stomach. 


5ev( 


DOSES    FOR   ANIMALS. 


CHAP.  xxxa. 


N 


Guinea  Fig,  same  effects.  3  to  6  mg.  X  Kg.,  fatal  in  17  to  43  mi 

utes. 

Chlorau — Dog,  stomach,  6  Gm.,  anesthetic.  Cat.  stomach.  0.15  f»mij 
X  Kr.,  just  fatal.  Rabbit,  0.3  Gm.  X  Kg.,  rectum,  anesthetic.  Ex  (•>; 
0.6  Gm.  X  Kg.,  stomach,  anesthetic,  Ex.  (■)  U'^ntidoie,  Ex,  (*)V 
Temperature,  Ex  (•);  0.6  Gm.  X  Kr.,  >lomach,  to  nbtain  diuretic  ef- 
fect of  caffein.  f'rog,  subcniancous,  0.05  Gni.,  narcosis;  0.1  Gm.,  fatal. 
Ancsthi-dzcd  Dog,  0.5  Gm.  X  Kg.,  vein,  fall  of  pressure  and  Icropcra- 
turc,   weakened  and  qiiickcned  heart   (•). 

Chlorate  of  PoTAhsiUM.— /?a/)6if,  4  Gm.  X  Kg.,  stomach,  die*  in  4 
hours  after  convulsions,  with  respiratory  paralysis;  blood  browfi 

Chuiretone. —  Diig.  60  to  300  c.c.  of  saturated  watery  solution,  siom-, 
ach.  after  morphin.  anesthetic:  0.2  to  0.25  Gm.  X  Kg.,  mouth,  l^^  houi 
before  operation,  anesthetic;  0.02  Gm.  X  Kg.,  of  morphm  hyp<.»d.  n»d  ftl] 
Gm.  X  Kg.  chlorctone  in  alcohol  by  stomach,  after  morphin  vnmittniui 
anesthetic.  Rabbit,  16  c.c.  of  saturated  watery  sr»lution  .X  Kg  .  rccturm 
anesthetic,  often  fatal  (•);  a25  Gm.  X  Kg.  in  alcohol,  rectal,  fatal  rtl' 
4  hours;  015  Gm.  X  Kg.,  anesthetic  dose.  A*\€sthetised  Dog,  05  ctj 
X  Kg.  of  saturated  watery  solution,  vein,  weakened  hcari.  quicket 
rate,  fall  of  pressure  (•). 

Chlorid  of  SoDiVM  (•). —  0.9%.  Ancsthftized  ^fammaU.  25  tn  xt 
c.c.  X  Kg.  (warm),  vein,  ordinary  dose,  blood  pressure,  re^piratm 
Ex.:  diuresis,  Ex.  (*). 

CiiumiD  or  Sodium  (•). —  101033%  (saturated)  solution:  Aneithrf- 
iscd  Mammals,  vein,  death  in  4  to  5  minutes,  after  lO  to  30  c.c.  X  Kit 

CnwiKoFtrnM. —  f'rog.  subcutaneous,  03  c.c.  ordinary  dose;  045  .c. 
fatal  dose:  rigor,  5  c.c.  peripherally  into  femoral  vcm  of  mamma!* 
(•> 

CHi/)RopnRM    (*). —  Saturated  solution  in  normal  salt:    Mammaii.  i 
to  5   c,c.  X  Kg.,   vein,   slowing   and   weakening  of  heart,   larger  df 
paralysis.     Sec  Grehant  anestliesia,  index.    Frog's  Hfart,  Ex.   (*).  sjl 
uraled  solution  stops. 

Chromate  op  Potassium. —  Rabbit.  0.2  to  0.4  Gm..  stibcutancons.  oc 

2  Gm.,  stomach,  fatal.     Birds  (artificial  deposit  of  uric  acid) :     /V^r-'M. 
10  mg.     Hi'ns,  10  to  20  mg,.  subcutaneous,  repeated  several  days 

CiNCHONiDiN  (•>. —  Frog,  0.03  Gm.,  subcutaiwous,  paralyzes  in  socsie' 
hours  without  convulsions. 

CtTRATE  SoDK'M  (crystals). —  Dog,  vein,  0.37  Gm.  X  Kg.,  just  f*iaL 
Frog,  subcutaneous,  4  to  5  mg.  X  Gm..  just  fatal. 

Cobalt  Nitr.ate. —  Subcutaneous,  Rabbit,  Dog,  Cat,  40  mg.  X  Kg^ 
some  paresis  and  urinary-  changes:  50  to  75  mg  X  Kg-  just  fatal 
Pigeon,  s  to  10  mg.  X  Kg.,  just  fatal.  Frog,  18  to  40  nig.  X  DgnL,  ii»t 
fatal. 

CocAiy  HvDRocHi-ORin. —  Dog,  subcutaneous,  3.5  mg.  X  K^,  rai«e< 
temperature  by  0.2  to  05*  C.  for  2  hours :  10  mg.  X  Kg.  by  i  to  s^  fnr 

3  to  4  hours;  20  mg.  X  Kg..  2  to  4**  for  6  to  7  hours;  15  to  30  mg.  ^ 
Kg.,  emesis,  mydriasis,  convulsions  and  paralysis,  with  recovery;  2$ 
mg  X  Kg.,  sometimes  fatal:  80  mg.  X  Kg.,  sometimes  recovcTj-  Ruh- 
bits,  subcutaneous,  20  mg.  X  Kg.,  ordinary  do^e  for  hypeTp3rTexix  Ex 
(02s  lo  0.8**  in  I  to  3  hours)  (•)  ;  30  mg.  X  Kg,  slight,  ircmhjing;  50 
mg.  X  Kg.,  considerable  rise  of  temperature;  60  mg  X  Kg,  convitUWKH. 
paralysis,  recovery:  too  mg.  X  Kg-,  sometimes  fatal:  130  rng  X  K«- 
fiometimes  recovery;  540  mg.  X  Kg.,  surely  fatal.  Guinea  f*tg.  60  mg 
X  Kg.,  subcutaneous,  just  fatal.  Frog,  subcutaneous.  0.5  rag.,  ordinary 
dose;  3  mg..  fatal.  Locat.  1%.  vasoconstriction,  Ex.  (•)  ;  lemporary 
par.nlysis  of  nerve-trunk,  Ex.  (•).     Eyr.  1%,  Ex.  (•>. 

CoccxM.vp. —  Dog,  0.4  Gm.  X  Kg.,  subcutaneous,  fatal.  Frog,  i  lag. 
X  Gm.,  ordinary  dose. 
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CoDEiN. —  Rabbit,  10  mg.  X  Kg.,  subcutaneous,  maximum  therapeutic 
effrct  on  respiration;  60  mg.  X  Kk,  subcutaneous,  just  fatal. 

CoLCHicL'M  Root  (*). —  Dog,  stomach,  0.25  Gm.  X  Kg.,  vomiting  and 
diarrhea;    I   Gm.  X  Kg.,   fatal,   Ex.    (•).    Guinea  fig,  0.25  Gm.  X  Kg., 

ibcutancous,   just   fatal    (•). 

CouHicL'M   Seed   (•).— One-half  the  above. 

CoMiN. —  SulKUtaneous,  Cat,  0.4  Gra.,  fatal  inside  of  one  hour;  0.05 
Gm.   in  9  hoursi.    Rabbit,  yo  mg.  X  Kg.,   fatal.    Pigeon,  40  mg.  X  Kg., 

Ltal.     Stousf,  75  mg.  X  Kg.,  fatal   (the  paralytic  dose  is  about  K  of 

le  fatal). 

CoNiVM  (•). —  Subcutaneous,  Dog.  o.«>  Gm.  X  Kg.,  no  effect. 
Guinea  Pig.  0.5  Gm.  X  Kg.,  just  fatal.  U'hite  Rat.  40  Gm.  X  Kg.,  just 
fatal.  Frog,  ao6  Cm.  X  Gm.,  just  fatal.  Anesthetized  Rabbit,  5  Gm. 
X  Kg.,  sligiit  effects.    Frog's  heart,  l:  10,  local,  arrests. 

CoNVALL.\RiA  (•). —  Subcutsneous,  Guinea  Pig.  0.08  Gm.  X  Kg-,  just 
fatal.  Rat,  32  Gm.  X  Kg.,  just  fatal.  Frog,  0.26  rag.  X  Gm.,  just  fatal. 
Frog's  heart,  local,  i :  50,  digitalis  action. 

OiP.MB.\. —  Man.  urine,  1.0  Gm.  Hx.   (*>. 

Copi»Eit   Salts    (Copper-sodium   tartrate). —  Fatal    doses    (as   CuO)  : 
*rog,  1-3  10  J  mg. ;  Rabbit,  50  nig.  subciit.,   10  to   15  mg.,  vein,     Dog, 
'       0.4  Gm.  subcut. ;  25  mg..  vein. 

Copper  Svlphate  (•). —  Dog,  50  c.c  of  1%,  stomach,  vomiting  in  12 
min..  Ex. 

CoHiAMVRTiN. —  Subcutaneous  (convulsions),  Dog.  0.15  mg.  X  Kg., 
recovers.  Cat.  0.25  mg.  X  Kg.,  fatal.  Rabbit,  0.75  mg.  X  Kg.,  recov- 
ery.   Guinea  Pig.  2.5  mg.  X  Kg.,  fatal.     Frog,  0.1  mg..  fatal. 

CoRNtriN   Citrate. —  Subcutaneous,  Dog,  ,^  to  4.5  mg.  X  Kg.,   trem- 
bling, recovery:  05  mg.  X  Kg.,  vomiting,  diarrhea,  paralytic  symptoms. 
^^fiot.  7  mg.  X  K^.,  recover)-.    Guinea  Pig,  15  mg.  X  Kg.,  convulsions, 
^fcecover)'.    Rabbit.  01  mg.  X  Kg.,  vein,  rise  of  blood  pressure;  30  mg. 
^^pC  Kg.,  convulsions,  death. 

^^B  CrRARE. —  Anesttietizcd  Mammals,  i   c.c.   of  ^^%  X  Kg.,  vein,  every 
^^pO  minutes.  Ex,   (*).     Prngs.  0  t  to  50  mg..  subcutaneous,  Ex.   (*). 
^^  CiRARtv. —  Anesthetized  .\fammals,  0.5  to  .1  mg.  X  Kg.,  vein.     Frog, 
sulwuianeous.  0.000^5  to  o.ooi  mg.  X  Gm..  normal  dose. 

CvANiD  OP  Potassium. —  Man.  0.05  Gm.,  moutli,  fatal.  Rabbit,  i.g 
mg.  X  Kg.,  subcutaneous,  just  fatal;  less  than  I  mg,  no  effect.  Pigeon. 
subcutaneous,  1.5  to  2.4  mg.  X  Kg.,  just  fata!.  Mome,  4.4  mg.  X  Kg., 
sulKutaneous.  just  fatal. 

CvTisiN. —  Cat    30  to  40  mg.,  subcutaneous,  fatal. 

Delphinin  (Hevl).— Po^  or  Cat.  0.03  to  0.1  Gm..  fatal.  Rabbit.  75 
mg.  in  5%  solution  {t.5  c.c.)  paraly/'.es  vagus  endings  without  acting  on 
heart-muncle  or  depressor. 

Dir.iTAi.i!^  —  Pog.  0.2  Gm.  X  Kg.,  .subcutaneous,  slowing  of  heart 
(•).  Guinea  Pig,  0.2  to  j  mg.  X  Kg.,  subcutaneous,  just  fatal  (•). 
Frog.  0.4  mg.  X  Gm..  into  thigh,  causes  systolic  standstill  in  2  hour?; 
0.7  to  10  mg.  X  Gm.,  subcutaneous,  just  fatal  (*)  ;  0.4  c.c.  of  Tr.  sulKu- 
taneous, cnnsiricts  X'essels  of  foot,  E?t.  (*).  Anesthetized  Mammals, 
04  Gm.  X  Kg.,  vein  (as  4%  infus.).  ordinary  dose,  all  stages.  Ex  (*). 
Frog's  heart,  local,  2%  to  to%,  arrests,  Ex.  (•).     Perfusion.  Ex  (*'). 

DfciT\LiN-  OR  Digitoxin. —  Anesthe(\sed  Dog,  i  to  5  mg.  X  Kg.,  vein, 
all  stage*.     Frog,  3  mg.,  subcutaneous,  fatal. 

DioNiN. —  Rabbit,  suhcutaneons,  6  mg.  X  Kg.,  maximum  therapeutic 
effect  on  respiration:  too  n.g.  X  Kg.,  fatal;  conjunctiva.  10%  or  powder, 
edema.   Ex. 
^^-    DiTRETiv. —  See  Thcobromin. 
^^B  Elaterii'm. —  Dog.  4  mg.,  stomach,  nn  effect  t*)- 
^^r  Emetin. —  Man.  10-20  mg..  mouth,  emetic.     Dog,  j^4  mg.  XKg.,»ub- 
rutancous,  just  emetic.    Mammals,  o.t  Gm.  X  Kg.,  subcutaneous,  or  aoa 
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Gm.  X  Kg.,  vein,  fatal  in  15  to  ao  minutes.     Frog,  $  mg.,  paraly&ii;  10 
mg.  to  JO  riR,  fatal.     Local.  Dog's  conjunctiva,  1  :  500  irritant 

Ergot  (•). —  Rooster,  2  to  5  Gm..  month  or  subcntaneous.  blackening 
of  comb  in  ^  to  -J  hours,  Ex.  (*).  Guinea  Pig.  8  Gm.  X  Kg.,  mbcn- 
taneous.  just  fatal  /'V^^.  50  ing  ^  Gm.,  subcutaneous.  jiHt  fatal.  An- 
estheliced  Dog.  0.02  to  0.04  Gm.  X  Kg.,  vein  (thcrai>cntic  dose);  fall 
of  btood  pressure,  with  compensatory  rise  to  a  trifle  above  normal,  (•) 
Ex. 

Ether. — Dog,  ane<itheaia,  Ex.  (•).  Ancsthetised  Dog»  hrpodmnic, 
5  c.c,  slight  fall  of  blood  pressure  (*).  Frog,  hj'podcrmically,  ordi- 
nary dose,  0.3  c.c:  fatal  dose,  0.6  c.c.     Frog's  hfart,  Ex.  {*\. 

Eye. —  AIkaloid.s  on,  local,  Vw  to  1%,  Ex.   ('). 

Ferrocyanid  of  Sodium. —  Dog.  vein,  35  c.c.  X  Kg,,  of  7-43%  cry«aU» 
not  fatal  (•). 

FiA'ORiD  OF  SoniL'M. —  Dog.  0.0s  to  O.I  Gm.  X  Kg.,  vein,  or  0.15  Gm.  X 
Kg.,  hypodermic,  just  fatal.  Rabbit,  0.25  Gm.  X  Kg..  m<>inli.  saliva- 
tion;  0.5  Gm.  X  Kjf.  by  stomach  or  0.15  subcutaneous,  or  0.IJ  by  vern, 
just  fatal.  Frog,  40  mg.,  subcutaneous,  fatal.  To  kill  epithelium,  ooj 
to  aj%.     Prcsenatizc,  0.2%. 

FoRMALDEHYi). —  Robbit,  0.24  lo  0.5  Gm.  X  Kg.,  aubcutaneoui,  jnst 
fatal.     Blood,  i :  400  prevents  clotting  and  spontaneous  laking. 

Gas.— Inhalation.  Ex.   (♦). 

Gasolin. —  Inhalation,  convulsions,  and   anesthesia    (asphyxia?), 

Gelseminmn  Hydro^-hlorii). —  Frog,  ao  mg.,  subctiianeou*,  ittcrcAAcd 
reflexes  abolition  of  voluntary  movement. 

Gelsemil'M  (*). —  Subcutaneous.  Guinea  Pig.  1.75  to  d  Gm  X  Kg., 
just  fatal ;  White  Rat,  2.2  Gm,  X  Kg.,  just  fatal;  Frog.  6.5  lo  15  mg.  X 
Gm.,  just  fatal:  Frog's  heart,  local,  1:50,  paralysis. 

Glucose.— Dog,  35  cc.  X  Kg.  of  2.57^.  vem.  not  dangerous  (•). 

Glycf.rtx. —  Frog,  0.5  to  I  c.c.  hypodermic,  muscular  effect. 

GdLD  (calculated  as  metal). —  Just  fatal  (\o^,  Gm.  X  Kg.,  subcu- 
taneous :     Dog.  o_(0.   Cat,  o  45.     Rabbit.  0,36.    Frog.  0.30. 

GuAXiDiN. —  Frog's  muscle,  local.  1%.  fibrillary  twitchings  (•").  , 

Heart. —  Excised    Mammalian,    Ex. 

Proportion  of  drugs  to  be  added  to  a  liter  of  the  perfusing  fluid: 

Alcohol,  20  c.c;  CafTein.  0.3  Gm. ;  Chloroform,  a6  Gm. ;   Digitoxin, 

5.0  mg. ;  Ether,  i  Gm  ,  no  effect:  3  Cm.,  considerable  efifect:  SlfO- 

phanlhin,  0.8  mg. ;  Theobromin,  0.5  Gm. 

Hf.win.m.. —  Rabbit,  i   Gm.  X  Kg.,  rectum,  fatal  in  30  minutes  (•) 

Hetj.eborein. —  Frog.  0.04  mg.  X  DRm.,  subcutaneous,  just  sv^olic 
standstill.  Toad.  1.8s  to  2.44  mg.  X  Dgm.,  same  effect.  LocoJ»  \kv\ 
or  muscle,  Vi«  to  }/2%. 

HEi.LEnoRts  Niger  (*>. —  Subcutaneous,  Guinea  Pig,  aa  Gm.  X  K^ 
just  fatal.  IVhite  Rat.  20  Gm.  X  Kg.,  just  fatal.  Frog,  aj  nog  X  Gim 
jusi  fatal.    Frog's  heart,  local.  1:50.  digitalis  action. 

Heroin —  /?oftfti7.  0.5  mg.  X  Kg.,  subcutaneous,  therapeutic  effect  on 
respiration,  Ex.  (*), 

HiknuN  (Sach«;se  &  Co.,  Leipzig). —  0.05  Cm.  X  Kg.,  Rabbit,  vein: 
blnod   non-coagulablc   for    four  hours. 

Hydrastin. —  Dog,  ordinary  dose,  vein,  I  mg.  X  Kg.,  Ex.  Full  dose, 
10  mg.  X  Kg.,  not  fatal.  Frog,  i  to  2  mg.,  subcutaneous,  spinal  coo- 
vulsions. 

HYnRASTiNiK. —  Pog.  oj  to  I  mg.  X  Kg.,  vcin,  rise  of  pressure,  Kx, 
(•)  :  10  to  20  mg.  X  Kg.,  tetanus  and  paralysis.  Frog,  subcutaneou*. 
ordinary  dose,  5  mg. ;  fatal  dose.  15  mg.  Local.  Vw%  vasoconstrictioo. 
Ex.    (•). 

Hydrastis. —  50  times  the  dose  of  bydrastin.  Dog.  0.02  Gm  X  Kg.. 
vein,  ordinary  dose,  Ex.    (♦),    0.25  Gm.  X  Kg.,  vein,  vagus  slandrtilL 
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Hydeazin  SVI.PH.— Rabbit,  0.2  Gm.  X  Kg.,  subcutaneous,  no  eflfect; 
0.315,  convulsions,  lauU  in  ;<i  hour. 
HYDR0COTAit.NiN    l^ ITU.— Rabbit,  0.2   Gm.  X  Kg^    subcutaneous,  just 

fatal. 

Hydbocyaxic  Acni|^;^of  Cyanid  of  ?otass\\imO— Rabbit,  stom- 
ach, 0.1  Gm,    (5  c.c.  of  J%).   fatal,   E.x.    (♦). 

HvDsciN. —  Sultcutancous,  not  fatal,  Dog,  0.03  Cm.  XKg.;  Rabbil. 
0.25  Gm.  X  Kg. ;  frog,  25  mg. 

Hyoscvamin. —  Cats,  h>T)odermic,  mg.  X  Kg.:  0.01  mg.,  no  effect  on 
pupil;  0.02  mg,  good  dilation;  0.025  mg*  j"5t  paralyzes  vagi.  White 
Alwe,  of  12-15  Gm.,  hypodermic;  5  .ng..  no  distinct  sunptoms;  10  mg, 
intoxication,  with  recovery' ;  .20  mg-i  fatal.  Frogs,  of' 20  gm.,  hypoder- 
mic; I  mg.,  no  effect;  2  mg.,  motor  depression  with  recovery;  10  mg., 
fatal. 

Hyoscyamus  (•).— Subcutaneous,  just  fatal,  Guinea  Pig,  10  Gm.  X 
Kg.     Frog,  10  mg.  X  Gni. 

Hyposulphite  of  Sodium. —  Rabbit,  1.5  to  2  Gm.  X  Kg.,  subcutane- 
ous, just  faial. 

loDiD  OF  Sodium. —  Anesthcticcd  Dog.  35  c.c.X  Kg.  of  2,2%,  vein,  no 
serious  effects  (*).  Man,  0.3  Cm.,  inouth,  in  urine,  Ex.  (•).  Rabbit, 
SO  ex.  of  1%,  stomach,  slight  depression,  Ex.   (*). 

loDiN. —  Rabbit,  2  cc.  of  tincture,  hypodermic,  fever;  0.075  Gm.  X 
Kg.,  subcutaneous,  fatal,  ecchymoses  in  stom.ich. 

looopoRM. —  Rabbity  2  Gm.  X  Kg.,  in  oil,  subcutaneous,  hypnotic;  i  to 
2  Gm.,  stomach,  fatal. 

IfEiAc. —  Oog.  0.2  to  0.3  Gm.  X  Kg.,  stomach,  just  emetic,  Ex.  (*). 
Anesthetized  Dog,  i  Gm.  X  Kg.,  sxibcutancoiis.  increased  heart  and  res- 
piration, fall  of  pressure,  slight  intestinal  congestion,  no  peristalsis  (•). 

Iron  (calculated  a-*  metal). —  Just  fatal  dose,  mg.  per  animal,  subcu- 
taneous:   Dofi,  2-50;  Rabbil.  25;  Frog,  5-10  mg.  X  Kg. 

JuviPER  Oil. —  Anesthctiscd  Dog,  25  cc  X  Kg.  of  04%  suspension, 
vem,  diuretic,  no  serious  effects. 

Laupamn. —  Rabbit,  30  mg.  XKg..  subcutaneous,  just  fatal;  ;o  mg. 
X  Kg.,  subcutaneous,  convulsions,  recovery.  Dog,  30  mg.  X  Kg.,  sub- 
cutaneous, convulsions  death. 

I.AL-DANOSIN. —  Rabbit,  65  mg.  X  Kg,,  subcutaneous,  not  fatal;  68  just 
fatal. 

Leech  E.\tr.\ct. —  Mammals,  3  heads  per  Kg.  in  6  cc.  of  normal 
salt,  vein,  prevents  coagulation. 

I»BELIA  (•).— Subcutaneous,  just  fatal.  Guinea  Pig.  to  Gm,  XKg,; 
Frog.  55  mg.  X  Gm. ;  i :  25,  local,  paralyzes  vagus  ganglia  in  Frog's 
heart;  Anesthetized  Dog,  subcutaneous,  0.012  Gm.  X  Kg.,  little  effect; 
0.33  Gm.  X  Kg.,  heart  first  slowed,  then  quickened. 

LratcLiN  ScLPHATE. —  Subcutancous,  Rabbit.  2  rag.  X  Kg.,  increases 
respiration;  Pigeon.  54  mg.  X  Kg.,  just  fatal;  Frog,  3  mg.,  increases 
and  then  depresses  reflexes. 

M.^nMEsfuM  SvLPHATF  (cRVST.^Ls). —  Ancsthctic  dose,  hypodermic, 
all  animals,  1.5  Gm.  per  Kg.,  as  25%  solution;  fatal.  2  Gm.  per  Kg.; 
Ex.  Intraspinal,  I  c.  c.  of  25%,  per  10  Kg.     Local.  I  to  25%. 

Manganese  (calculated  as  metal). —  Just  fatal  dose,  subcutaneous, 
mg  X  Kg.:     Dog^  10-13:  Cat,  6-7;  Rabbit,  5  to  6;  Frog.  2. 

Mebcltbic  Chi-ouw.— Dog.  10  cc  of  i :  1.000.  subcutaneous,  daily. 
nephritis,  mainly  intcrslitial,  Ex.  (*).  Rabbit,  25  cc  of  t%,  sinmach. 
fatal  in  3  hours,  corrosion  of  alimentary  canal.  Ex.  (*)  :  i  cc.  of  1%, 
subcutaneous  fatal.  White  Rat,  5  cc  of  i%.  subcutaneous,  fatal  in  3VS 
hours  (•>.  Frog,  local,  i:  10,000,  to  exposed  mesentery,  prevents  emi- 
gration of  leucocytes. 

Methyl  Cosuv. —  Xfouse.   102  mg.  X  Kg.,  subcutaneous,  just  fatal 
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Pigeon,  54  mg.  X  K^  »nl>- 


(97%  of  this  paralyzes.  30%  convulsions), 
cutaneous,  just  fatal. 

Methvlen  Blue.— iV/cJM,  0.1  Gm.,  mouth,  urine,  Ex.  (•>. 
iscd  Dog,  J5  ex.  X  Kg.  of  0.5%,  vein,  fatal. 

MiiRpHiN  Salts. —  Dog.  5  mg.  X  Kg.,  subcutaneous,  causes  vomiting, 
but  after  this  prevents  action  of  emetics:  10  to  150  mg.  X  Kg.,  subcy- 
tancous,  fall  of  icniperature  by  about  2"  C.  maximal  in  2  hours,  20  mg. 
X  Kg.,  subcutaneous,  ordinary-  dose,  slowing  of  heart  and  rcspirition, 
Ex.  (*);  0.2  to  0.5  Gm.,  vem.  not  fatal  Cat.  40  mg.  X  Kg.,  cxciic- 
mcnt,  l\.\.  (•).  Rabbit,  subcutaneous,  2.5  to  10  mg.  X  Kg^  maximal 
therapeutic  effect  on  respiration,  Ex.  {*)  ',  20  m^,  inhibits  asccndtng 
pcristaNis  after  application  of  NaCl :  reappears  with  60  mg. ;  50  rag.  X 
Kg.,  subcutaneous,  surgical  anesthesia,  glycosuria,  Ex.  (*);  01  Gtn.  X 
Kg.,  subcutanecius,  fall  of  temperature,  Ex.  (•}  ;  0.15  to  0.3  Gm.  X  Kg* 
just  fatal  in  2  to  24  hours;  stomach,  0.5  Gm.  X  Kg.,  narcotic,  aj  to  1 
Gin.  X  Kg.,  fatal.  Guinea  Piu.  0.7  Gm.  X  Kg.,  just  fatal,  Ex.  (•>. 
White  Rat.  045  Gm.  X  Kg.,  just  fatal  Frog.  0.05  Gm..  paralysis,  lec- 
ondary  tetanus  in  Vi  to  i!.'J  hours,  fatal  (*). 

Mlscarin. —  Do^.  2  mg.  X  Kg.,  subcutaneous,  for  heart  effect  Ctt 
(sulphate,  hypodermic,  dose  per  animal)  ;  '-a  to  r  mg-,  severe  intoxtc^' 
tion.  but  recovery:  1  mg.,  complete  blocking  of  bronchioles;  J  to  4  tng, 
death  in  2  to  12  hours:  8-lJ  mg..  death  in  10  to  15  minutes.  Prog,  a5 
mg.,  subcutaneous,  vagus  standstill;  0.6  mg.  fatal  Local.  01  lo  0,J*&. 
Ex.  (•).  Local  to  Rabbit's  Intestine.  Vw%,  starts  peristalsis,  spreading 
up  and  down;  arrested  by  1%  atropin.  Frog,  o.t2  to  0.23  mg.  X  Dgnt, 
just  fatal     Toad,  0.21   tr»  0.27  mg.  X  Dgm.,  just  fatal 

MiSTARD. —  Uog,  emetic,  tcaspoonful,  stomach,  Ex. 

Nai»hthol  p. —  Dog,  stomach,  therapeutic  dose  0.05  Cm.  X  K^.  C«*. 
O.oi  Gm.  X  Kg.;  fatal  dose,  o.i  Gm.  X  Kg. 

Narcotin. —  Dog.  0.05  Gm.  X  Kg.,  subcutaneous,  slight  narcosis.  Oil. 
3  Gm.,  fatal     Frog.  50  to  70  mg.,  some  action. 

NiCKEi- — Rabbit,  same  dnse  and  cflPcct  as  Cobalt. 

Nk'otin  —  Oog,  few  drops  on  tongue,  convulsions,  generally  recc^- 
ery,  Ex.  (•)  :  0.05  to  0.1  Gm.,  sul)cutaneous,  fatal  Rabbit,  mouth.  a» 
dog  (•)  ;  subcutaneous,  20  mg.  X  Kg.,  just  fatal  {•)  ;  7  to  10  mg..  vein, 
blocks  sympathetic;  10  mg.  X  Kg.,  subcutaneous,  vessels,  Ex.  (•). 
Guinea  Pigs,  subcutaneous,  just  fatal,  young,  14  to  ao  mg.  X  Kg  1  a*1iili 
40  to  45  mg.  X  Kg.  frogs,  2  mg.,  fatal  Ex.  ("*).  Local,  frog's  heart. 
Vi«%,  Ex.  ( • ) .  Intestine,  1  %,  cori^tracturc  relieved  by  atropin  ( * > 
Anestlu^tised  Dogs,  2  to  10  mg.  X  Kg.,  subcutaneous,  vagus  slimulaiioa 
with  secondan,'  paralysis,  effect  on  respiration.  Ex.  (•>;  5  mg,  X  Kg, 
vein,  paralysis  of  ganglia;  same  dose  for  cat.  Frog's  Mtucte-.S'mr, 
0.1%.  Ex.  (*). 

Nitrate  of  Soiuum. —  Anestheticcd  Dog,  7;  c.c.  X  Kg.  of  1.25%. 
vein,  no  serious  effects   (*).     Frog,  0.03  Gm.,  fatal. 

Nitrite  of  Sodii'm. —  Rabbit,  10  mg.  X  Kg.,  subcutaneous,  fatal  fgav 
tritis.  central  paralysis,  nietbemoglobin).  Guinea  FtR,  5  cc.  of  .>^. 
subcutaneous,  fatal  Frog.  0.55  mg.  X  Gm.,  subcutaneous,  Mimutatioa 
of  cord  not  effective,  fatal  in  one  hour  by  paralysis.  Prrfiuiiyn, 
Ex.  (•>. 

NiTTtocLYctRiv.—  Anesthetised  Dog.  i  mg.  X  Kg.,  subcotascOMk 
quickened  heart,  fall  of  blood  pressure   (•). 

OxAi^TE  OF  SoniLM — Dog,  0.2  Gm..  sulKUtaneotis  or  stomach.  fMN 
fatal,  causes  indicauuria;  0.12  Gm.  X  Kg.,  vein,  just  fatal  Rabhit. 
0.250  Gm..  subcutaneous,  just  fatal  in  some  hours,  oxalate  deposit  in 
kidneys,  Ex.  (*>.  Cat,  0.375  Gm.,  subcutaneous,  just  fatal.  Cmim^M 
Pig,  0.4  Gm.  X  Kg.,  sulx-utaneous,  fatal  in  some  hours  (*).  Cki^tem. 
0.$  Cm.  X  Kg.,  subcutaneous,  just  fatal.  Turtle,  026  Gm.  X  Kg.,  suH' 
cutaneous,  just   fatal    Frog,  0.5  mg.  X  Gm.,  siibcutaneous,  just  fatal 
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Blood,  0.2  to  1:300,  prevents  coagulation:  x.$%  practically  isotonic 
with  mammalian  blood. 

Oxalic  Acid. —  Rabbit,  j  to  4  Gm..  stomach,  fatal  in  %  to  '^  hour. 
Cuinco  I'tR.  o.l  Gm.,  subcnlancons,  fatal,  frog.  0.04  to  0.08  Gm..  sul>- 
cntaneoiK,  heart  standstill. 

OxvDiMURPHiN.— Peg.  0.06  Gm.  X  Kg.  (dissolved  in  0.2%  NaUHj, 
vein,  just  fatal:  subculaneous,  not  fatal  in  any  dose. 

pARALDEHVD. —  Rabbit.  1  Gm.,  stomach  (to  paralyze  vasomotors) 
(per  animal)  :   i   Gm.  X  Kg.,  anesthetic. 

pAi'AVEKis  HvimotHLORiP. —  Man,  therapeutic  dose,  0.03  to  0.05  Gm. 

Permanganate  of  VfnASSivyA.—  Rabbit,  15  c.c.  X  Kg.  of  1%,  stom- 
ach, alkaloidal  antidote,  Ex.  (•)  ;  c.2  Gm.  X  Kg.,  severe  gastritis;  0.6 
Gm.  X  Kg,,  fatal.  Dog,  stomach,  0.1  Gm.  X  Kg.,  severe  gastritis;  0.4 
Gm.  X  Kg.,    fatal. 

Peronin. —  Rabbit.  i$  mg.  X  Kg.,  subcutaneous,  maximum  tlierapeu- 
tic  eflFect  on  respiration. 

PuENACETiN. —  MoH,  0.3  Gm.,  mouth,  indophenol  reaction,  Ex.  (•). 
Dog,  0.3  Gm.  X  Kg.,  stomach,  narcosis,  cyanosis,  death  in  6  hours. 

Phenol. —  Sec  Carbolic  Acid. 

Phenvlhvdrazin  Salts. —  Rabbit,  0.14  Gm.  X  Kg.,  subcutaneous, 
death  in  20  minutes:  0.07  Gm.  X  Kg.,  death  on  second  day;  methemo- 
globinemia. 

Phlokrhizin. —  Dog.  0.3  mg.  X  Kg.,  subcutancon.s,  just  sufficient  to 
cause  some  diabetes;  o.is  Gm.  X  Kg.,  sulicutaneons,  maximal  diabetes 
in  starving  animals;  o.i  Gm.  X  Kg.,  vein,  not  dangerous  (♦).  Rabbit, 
about  same;  0.25  Gm.,  subcutaneous,  ordinary  dose,  Ex.   ("). 

Phosphate  of  Sodivm. —  Dog,  55  c.c.  X  Kg.  of  5.1%  crystals,  vein, 
not  dangerous. 

Phosi'Hobcs  (in  oil  or  mucilage). —  Dog,  20  mg.  X  Kg.,  stomach, 
fatal.  Rohbit,  3  10  7  mg.  X  Kg.,  stomach,  fatty  degeneration.  Frog, 
%  mg,  month,  falty  degeneration. 

Phvsostigma. —  Rabbit,  0.5  to   1  Gm..  falal- 

Phvsosticmin  Salts. —  Dog.  4  to  5  mg.  X  Kg.,  subcutaneous,  just 
fatal.  Cat,  3  mg.  X  Kg.,  sulKUiancous.  just  fatal.  Rabbit.  3  mg.  X 
Kg,,  sulKnlancnus,  jnsi  f;ua!  in  six  minutes  (fibrillary  twitchings). 
Guinea  Pig,  5  mg.  X  Kg.,  subcutaneous,  just  fatal,  t'rog.  0.5  mg ,  sub- 
cutaneous, slows  and  strengthen*  heart:  usually  fatal  (•)  An^sthet- 
iscd  Dog,  0.5  to  3  mg.  X  Kg.,  .<;«bcutaneous.  slower  and  stronger  heart, 
rise  of  pressure,  intestines  contracted  (*)  ;  removes  effect  of  curare. 
Ancsthctirt'd  Rabbit,  1  mg.  X  Kg ,  vein,  increases  respiration.  Local. 
1%,  Eye,  Ex.  (*) :  Intestine,  Ex.  (•).  Frog's  Muscle,  1:500.  height 
of  contraction  and  irritability  increased;  l%,  thin  strips,  fibrillary  con- 
tractions.    Frog's  heart,  01%,  Ex.   (•). 

Picric  Acid. —  Rabbit.  0.15  Gm.  X  Kg.,  vein  or  0.2  Gm.  X  Kg.,  sub- 
cutaneous, fatal. 

PicROToxiK  (convulsions  and  paralysis). —  Dog,  T.5  mg.  X  Kg.,  »ub-« 
cutaneous,  just  fatal;  i.i  to  1.^  mg.  X  Kg.,  or  1,05  to  ;i.7  mg.  X  Kg., 
rectal,  convulsions;  0.5  mg.  X  Kg.,  subcutaneous,  or  0.55.  rtctal,  saliva- 
tion: 0,475  TUg.  X  Kg,,  subcutaneous,  or  0.525,  rectal,  no  effect;  ir  mg. 
X  Kg,  subcutaneous,  convulsions  in  18  minutes,  death  in  one  hour; 
0.06  Gm..  stomach,  fatal  in  an  hour  Cat.  i  mg.  X  Kg.,  subcutaneous, 
convulsions,  recovery.  Guinea  Pig.  5  mg.  X  Kg.,  subcutaneous,  con- 
vulsions,  recovery;  16  mg.,  Mibcutaneons,  fatal.  Frog.  2  to  4  mg.,  sub- 
ctnaneous,  active:  10  mg.  fatal.  Ex.  (♦) ;  4.9  mg.  X  Kg.,  subcutaneous, 
ju.st  convulsive.  Toad,  g  to  9.6  mg.  X  Kg.,  «ul)cutnneou<!,  just  convul- 
sive. Aneithefised  Dog.  t  mg.  X  Kg ,  subcutaneous,  slewed  heart  with 
rise  of  pressure;  larger  doses,  quickened  heart,  and  fall  of  pressure  f*). 

PnocARi'iN  Salts. —  Rabbit  or  Dog,  5  mg.  X  Kg.,  subcutaneous,  sali- 
vation, Ex.  (*).    Rabbit  or  Rat.  hypodermic  (?),  just  fatal  dose,  0.33 
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Gm.  X  Kg.  Guinea  Pig,  0.04  to  0.046  Gm.  X  Kg.,  just  fatal.  Hfdj^f- 
hon.  0.02  to  o.ot  Gm.  X  Kg.,  just  fatal.  Anesth^tiscd  Doe,  i  to  j  mg. 
X  Kg.,  quickening  of  heart,  contraction  of  inlcslinc,  pressure  vahjl" 
Aneslhctist'd  Rabbit.  2  mg.  X  Kg,,  vein,  large  vagus  stimulation;  5 
X  Kg.,  vein,  peristalsis,  Ex.  {,*).  Frog,  ordinary  dose.  65  mg-;  i 
dose,  100  mg.  LtKai.  Frog's  heart,  0.1%,  Ex.  (•);  Pupil,  1%, 
(•) :  Intestine.  1%   (•). 

ViuycAnvvs.— Aiwstli^lised  Dog.  0.15  to  i  Gm.  X  Kg.,  subcuui 
acts  iikc  I  to  3  mg.  of  Pilocarpin. 

PiPEBiDiN. —  Dog,  0.02  Gm,  X  Kg.,  subcutaneous,  ordinary  dose. 

Platinum    (calculated  as  metal). —  Just   fatal  dose,  mg.  >■  Kg.,  %\ 
cutaneous:     Dog,  7;  Rabbit.  10;  Frog,  1^5.    Kabbit,  7  mg.  of  chlori* 
Kg.,   subcutaneous,  diuresis   with  albuminuria    (llic  chlorid   is  ncutrj 
ized  with  sodium  carbonate,  and  diluted  so  that  i  c.c.  ^5  mg). 

Potassium  Chlorid. —  Rabbit,  4  Gm.  X  Kg.  (as  JS%),  sutS^maneoi 
death  in  .10  minutes.  Anesthetized  Mammal,  i  ex.  X  Kg.  of  i* 
vein,  stops  heart,  Ex.  ( Myocardiogram )  ( ■ ) .  Fro^,  o. \  Cm.,  lai 
(*).  Frog's  Muscle.  1%,  paralysis  in  30  to  50  ramutcs  (•)  :  afn 
veratrin,  7^%,   Ex.    (•). 

PsvciioTRiN. —  Dog,  10  mg.  X  Kg,,  subcutaneous,  no  eflfcct  Gutmt 
Pig.  20  to  30  mg.  X  Kg.,  subcutaneous,  iust  fatal. 

Pyhuhn. —  Rabbit,    i.j    Gm.X  Kg.,   subcntanenus.   almoM    no   cffca, 
2,6    Gm.  X  Kg.,    subcutaneous,    convulsions,    paralysis,    death    in 
hours.     Frog,  o.i   Gm.,  subcutaneous,  almost   fatal. 

PvKocATECHiN. —  Dog,  2  mg.  X  Kg.,  veiu,  slight  rise  of  bkiod  pi 
ure;  8  mg..  convulsive   (*). 

PvRocALLOL. —  Dog,  0.2    Gm.  X  Kg.,    subcutaneous,    or   0,125   Gm. 
Kg.,  stomncli.  fatnl  in  Two  days. 

Quinine  Hvdrochlorid. —  Man.  mouth,  urine,  0.2  Gm.,  Ex.  f*l 
Mammals,  metabolism,  0.05  Gm.  X  Kg..  Ex.  An^sth^tizfd  Dog.  10 
too  mg.  X  Kg.,  vein  (ordinary  dose,  10  mg.  X  Kg.),  hean  weaker  ai 
stops  in  three  minutes  before  respiration,  pressure  falls  at  once  {*\ 
Rabbit,  0.5  Gm.  X  Kg.,  hydrobromid  (hypodermic?),  just  fatal  Pigtot 
0.4  Gm.  X  Kg.,  hydrobromid,  just  fatal.  Frog,  0.5  Cm.  X  Kg.  hydrc 
bromid  or  0.4  Gm.  X  Kg.  hydrochlorid,  just  fatal-  Frog's  Mmse' 
local.  I  :  10.000  tu  1 :  100,  Ex.  (♦).  Frog's  Heart,  local,  t  :  50.000.  <loi 
and  strengthens;  r :  to,ooo,  slows,  weakens  and  stops.  Ex.  (•)  frc^i 
o.oi  Gm.,  subcutaneous:  stops  emigration  of  leucocytes  through  mcseitj 
tery:  paralysis  begins  in  ten  minutes,  and  is  complete  in  one  hor*^ 
(*):  less  than  i :  1.000  interferes  with  peptic  digestion  (*):  less  iha 
y3%  with  oxydases  (*). 

Rh t^BARB.—  . Uan,  I  Gm..  mouth,  urine,  Elx.  (•).    Dog,  3  Gm^  *t' 
ach.  purgative. 

Rrriv  (Merck's).— /?o&W/.  0.03  mg.  X  Kg.,  vein,  or  007  mg.  X  Kg, 
sulKutaneous.  just  fatal  in  24  to  .0  hours. 

Saltcvi.ate  of  Sodium. —  Dog,  0.2  Gm.  X  Kg.,  and  Rabbit,  as  Gm. 
X  Kg.   (stomach?),  fatal. 

Salou— .Van.  0.3  Gm.,  month,  urine,  Ex.  (•). 

Saxcvinaria  (•). —  Subcutaneous:  Guinea  Pig,  to  t  Gm.  X  Kg,,  no 
effect:  to  Gm.  X  Kg.  iu-^t  fatal  in  six  hours,  paralytic.  White  Rct% 
4  Cm.  X  Kg.,  just  fatal  in  six  or  seven  hours.  Frog»  22  mf.XGm^j 
just  fatal.     Frog's  heart,  local,  i :  25,  no  effect. 

Santonin  —  Man.  mouth,   urine,  ao^  Gm..  Ex.    (•)    (Dissolved  aij 
NaOH,    subcutaneous):     Dog.   0.5    Gm.  X  Kg.,    convulsions,    recovery., 
Cat.    I    Gm.  X  Kg.,    convulsions,    fatal.     Rabhit.   0.5   to    I    Gm.  "<  Kg., 
stomach,   convulsions   in    Vj    hour,   fall   of   temperature,  recovefr.   F-x. 
(•):  2.5  Gm.  X  Kg.  f.ital. 
Sapotoxin.— A/ommtt/j,  vein,  I  to  2  rog.  X  Kg.,  fatal.    Cot,  «ubcn- 
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tancous,  lo  to  jo  mg.  X  Kg.,  ordinary  dose;  40  mg.  X  Kg.,  fatal.   Local, 
Frog's  Muscle,  0.1%,  Ex.  (•).     Blood.  lakiiiK.  Ex.  (•). 

Sl-ilu\  {*). —  Dog.  o.i  Gm,  X  Kg.,  siomacn.  flowed  heart;  2  Gm.  X 
Kg,,  stomach,  vomiting.  Gutnea  lUg.  0.4  Gm.  X  Kg.,  subcutaneous, 
just  fatal,  llhitf  Rat.  20  Gm.  X  Kg.,  subcutaneous,  just  fatal,  l^rog, 
0.9  mg.  X  Gm.,  subcutaneous,  just  fatal.  Local,  Frogs  liean,  i:  50, 
stops  by  digitalis  action.  Anesthetized  Dog,  subcutaneous,  o.ooi  Gm. 
X  Kg.,  slows  heart ;  0.01  Gm.  X  Kg.,  heart  first  slowed,  then  quickened, 
stops  in,  30  minutes. 
I  SciLLAiN. —  Oog,  I   mg.  X  Kg.,  fatal. 

I  SENEt;A. —  Dog.  5  Gm.,  stomach,  emetic.  Ex. 

y  SiucATE  OP  SouiUM. —  Moiiunals.  just  fatal,  1.5  lo  2.0  Gm.  X  Kg., 
■Kttomach.  0.07  to  0.3  Gm.  X  Kg.,  intravenous.  Frog,  just  fatal,  aoJS 
P"iO  0.1   Gm. 

r         Silver  Nitrate. —  Rabbit,  2  c.c  of  2%,  subcutaneous,   fever  of  i   to 
i-S*  C.  in  some  hours;  20  mg.  X  Kg.  of  ihe  chlorid.  subcutaneous,  al- 
buminuria  (dissolved  in  sodium  hyposulphite,  l  c.c  =  5  mg.). 
SoLANiN. —  Rabbit,  o.i   Gm.  X  Kg.,  fatal. 

Shaktein  Suu'hate.— Giiinca  Pig.  0.1  Gm.  X  Kg.,  subcutaneous,  just 
fatal:  also  Vish,  Frog,  Pigeon,  and  Rabbit,  0.1  lo  0.15  Gm.  X  Kg.,  sub- 
cutaneoiM,  just  fatal.  Rai^bit.  0.04  to  0.06  Gm.  X  Kg.,  vein,  just  fatal. 
Ancthftized  Dog,  0.OJ5  Gm.,  subcutaneous,  ordinary  dose. 

Strophanthin. —  Guinea  Pig.  0.3  mg.  X  Kg.,  subcutaneous,  just  fatal. 
Frog's  heart,  just  stopped  by  O.025  mg. 

STRorHA.NTHUs  (* ) .— Subcutancous :  Rabbit.  0.2  Gm.,  fata!  in  few 
minutes.  Guinea  Pig,  6.8  to  9.8  mg.  X  Kg.,  just  fatal.  H'hite  Rat,  20 
Gm.  X  Kg.,  just  fatal.  Frog,  ooi  to  00^5  mg.  X  Gm.,  just  fatal.  An- 
tstheticed  Dog.  0.0015  Gm.  X  Kg.,  thcrapcuiic  stage  of  digitalis  action; 
0.05  Gni.  X  Kg.,  tuxic  stage  of  digilahs  action:  0.15  Gm.  X  Kg.,  sudden 
deatli.  Ex,  Frog's  heart,  local,  i  ;  50,  stops  heart  in  systole. 
STBVinNiN  Slxphate  OR  Nitrate.— 

Man.  2  mg.,  mouth,  no  effect  on  tactile  sensation  (*), 
Just  Fatal  Uoses  X  Kg.:  Dog.  075  mg.,  sulMruianeous ;  2.0  to 
3.9,  stomach ;  2.0,  rectum ;  5.5  bladder.  Cat.  0.75  mg.,  sul>culane- 
ous.  Fox,  1  mg.  Hedgehog,  \  to  2  ing,  Rabbit,  4.J33  nig.,  stom- 
ach; Ex.  (•)  ;  0.57  to  0.5H3  mg.,  hypodermic.  (.According  lo  Gics 
and  Mell/cr,  0.45  mg.  X  Kg.  of  the  nitrate  is  surely  fatal  to  white 
rabbits,  while  gray  rabbits  require  0.5  mg.  X  Kg.)  E.\.  •  0.353  '"K- 
in  vein.  Guinea  J^tg.  4.5  to  4.75  mg.,  subcutaneous  (•),  Ex.  Mouse, 
0.772  mg.,  snhcniancous.  Fo^A,  2  mg..  subcutaneous.  Pigeon,  i. ft? 
mg.  subcutaneous.  Frog.  5.55  mg.  (•)  (ordinary  dose,  localiza- 
tion of  action,  0.2^^  mg.  per  animal.  Ex).  Ring-Adder,  23.1  mg., 
subcutaneous;  Antidote,  Ex.   (•). 

Jvst  TET.^Nlc  Doses  X  Kg.:  Dog.  0.46S  mg.,  stomach;  0.Z48, 
sul)cuianeous  or  rectal.  Rabbit.  3.0  mg.,  stomach;  0.155  mg..  vein; 
0.4  mg.,  subcutaneous;  0.578,  rectal.  Guinea  Pig,  10  to  15%  less  than 
the  fatal   (•).     Frog,  i  to  1.5  mg.   (*).     Toad,  1.6  mg. 

Just  Convulsive  Doses  (  X  Kg) :  Dog,  0175  mg.,  stomach;  0.1 
mg.  to  0.24  mg.,  subcutaneous  (•)  or  rectal.  Rabbit.  0.J9  mg.  to 
Ol4  mg..  subcutaneous;  0.57  mg..  rectal.  Mouse,  0.615  mg.,  subcu- 
taneous.    Pigeon,  0.5  mg..  subcutaneous. 

"  Schreckhaft"  (  X  Kg):  Dog,  0.07  mg.,  subcutaneous.  Rab- 
hil.  0.2  mg.,  9ul>cutancous.     Pigeon,  0.5  mg.,  subcutaneous. 

No  pERiErnuLE  Effect  (  X  Kg)  ;  Dog,  0.05  nig.,  subcutaneous 
or  rectal.     Rabbit,  0.2  mg.,  subcutaneous;  0.4  mg.,  rectal. 

Aneslhetised  Hog. 0.07  mg.  X  Kg,  snbcuianeou?.  therapeutic  dose, 
Ex.  (*)  I'blood  pressure)  ;  0.40  mg.  X  Kg.,  tetanic  dose  (same  ex- 
periment) ;  0.04  mg.  X  Kg.,  vein,  therapeutic  dose,  Ex.  (*)   (Myo- 
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cardiogram).    Ancsthetised    Rabbit,    therapeutic    dose,    o.j    tng  X 
Kg.,  respiration,  Ex.   (•>.    Local,  Frog's  heart,  o.l%.  Ex.  <•). 

Slxfocyamd  of  Potassium. —  Pigion,  a5  to  075  Gm.  X  Kg^  sabeti- 
tancous,  just  fatal. 

SiLFucYAMD  OF  SoDiUM. —  Dog^  35  cc.  X  Kg.  ol  i^%,  veiix,  no  tf- 
rious  effects  (*J. 

SvLPHATE  OF  SoDiUM. —  Dog,  TOO  CC.  X  Kg.  of  4,6%  cfystals.  vein, 
diuretic,  no  serious  effects  (*)  ;  ordinary  dose,  50  cc.  X  Kg.  of  2% 
(dry),   vein,   blood    pressure,    Ex.    (•). 

SirpRAREXAi.  i't\.\s a  —  Mammals,  10  c.c.  X  Kg.  of  1%,  dry,  veia 
blood  pressure,  Ex.  {*>;  myocardiogram.  Ex.  (•}. 

Tartrate  of  Sodivm. —  Dog,  0.92  Gm.  X  Kg.,  vein,  just  fatal. 

TETRAMETHYI.AMIN  HvnRot-HLORiti. —  Subcutaneou*!.  fatal.  X  Kr  ; 
Rabbit,  0.007  mg.     Guinea  Pig  and  Mouse,  o.oj  ing.     Frog.  0.07  mg. 

Thallium  Salts. —  Ih'g.  0.5  to  i  Gm..  stomach,  or  0.15  Gm..  s»!»- 
cutancous,  fatal.  Rabbit,  0.$  Gm.,  stomach,  or  0.04  to  0.06  Gm.,  «uhcu- 
taneous  or  vein,  fatal. 

Thehain  Nitrate. —  Rabbit,  $  mg.  X  Kg.  to  14.4  mg.  X  Kg.,  vein,  or 
21.2  mg.  X  Kg.,  subcutaneous,  just  fatal.  Frog,  0.75  mg.  to  to  tng-. 
convulsions. 

Theouromin-Souium  Salicvlatb  (Diuretin). —  Man,  2  Gm.,  m.ixima! 
diuretic.    Rabbit,  0.5  to   i   Gm.  X  Kg.,  stomach.  Ex.    (•)    (Antidote*; 
0.05   Gm.  X  Kg.,  vein,   Ex.    (♦).     Dog,   10  mg.  X  Kg.,  vein    (no  otta 
effect). 

Theophylliv  (Theocin). —  Dog,  vein,  o.i  Gm.  X  Kg.,  just  fatal 
Guinea  Pig,  0.2  Gm.  X  Kg.,  vein,  just  fatal 

Thoru'm  Nitrate  (•). —  Dog.  stomach,  25  c.c.  of  5%;  no  effect 
Rabbit,  .stomach,  1   Gm.  X  Kg.,  no  effect. 

Thorium  Nitrate  in  S»>diiim  Citrate  (•). —  t  Gm.  X  Kg,  vein. 
di*g:  or  siilicutancous,  rabbit,  not  acutely  fatal;  nor  with  frog,  itubcu* 
taneous  0.02  Gm. 

Tobacco. —  Anesthetized  Dog,  o.io  Gm.  about  corresponds  to  5  mg. 
nicotin. 

Toi.t^YLENDiAMiN. —  Dog,  0.04  Gm.  X  Kg.  (as  watery  solution),  soh- 
cutaneous,  fatal,  solution  of  red  corpusdcv 

TiRPENTiNE. —  Dog.  8  to  30  Gm.,  stomach,  gastro-enieritis,  hematuria, 
death  through  paralysis  of  central  nervous  system;  15  drops,  stomach, 
diuretic. 

TRAxirM  (calculated  as  metal).— Just  fatal  dose,  siibcutancon?.  mg. 
X  Kg.:  Dog,  1.66;  Cat  and  Rat,  0.41 ;  Rabbit,  0.83:  Goat,  1.66:  Birds 
40  to   44. 

Urea.— i3og,  35  c.c.  X  Kg.  of  0.9%  in  isotonic  NaCl,  vein,  no  sertnii* 
effect  <•). 

Urethane  (*). —  Rabbit,  rectum.  0.5  to  0.75  Gm  X  Kg.,  anesthetic. 
Ex.  (•);  0.6  Gm.  X  Kg.,  severe  degeneration  of  hepatic  cells:  075  in 
I  Gm.  X  Kg.,  just  fatal:  stomach,  1.0  to  15  Gm.  X  Kg.,  anesthetic 

Valerian  Ow  —  Rabbit.  0.5  Gm.  X  Kg.,  subcutaneous,  prevetn*  coii- 
vulsions  from  04  Gm.  X  Kg.  .^Inmonium  Carbonate,  subcutaneous,  if 
this  is  given  tw<i  hours  after  the  valerian. 

Vanadium  (Metavanadate  of  Sodium).— /?afr&i/.  just  fatal.  0X)i  t«^ 
0.07  Gm.  X  Kg.,  vein,  or  oa  Gm.  X  Kg.,  stomach, 

Vfratriv    Sulphate. —  Rabbit.   2   mg.  X  Kg,,    subcutaneous,   convul- 
sions. Ex.  f  •)  :  I  e^.z.  of  j%.  .stomach,  gastric  corrosion,  Ex.   (•).    An- 
esthetized Rabbit,  o.i  mg.,  vein,  or  i  mg..  subcutaneous,  increases  pulse 
rate  and  blood  pressure;  10  mg ,  vein,  paralyzes  heart      Fri^z    '    '    '  - 
sulKutaneous,  ordinary  dose,  Ex.  (•) ;  1  mg..  fatal.     Lncai.  V  % 

V'i^.  systolic  stoppage  (*);  Muscle.  '•<%:  typical  veratrin  cu.. 

Veratrum  Viride  (*).— Guinea  Pig.  45  mg,  X  Kg.,  subcutaneous* 
just  fatal.     Frog,  065  mg.  X  Gm.,  suhcuianeou.s.  just  fatal. 
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YoHiMBiN. —  MammaU,  0.5  mg.  X  Kg.,  hypodermic,  erection;  6.5  mg. 
X  Kg.,  h>^dcrmic,  just  fatal. 

Zinc  (Zinc-sodium  pyrophosphate,  or  zinc  valerianate). —  Calculated 
as  ZnO:  Frog,  2  to  12  mg.,  complete  muscular  paralysis.  Rabbit, 
0.08  to  0.09  Gm.,  vein  or  subcutaneous,  just  fatal.  Dog,  0.07  to  0.12 
Gm.,  vein,  just  fatal. ' 

Zinc  Sulphate. —  Dog.  50  c.c.  of  1%,  stomach,  emetic  (*).  Rabbit. 
0.04  Gm.  X  Kg.  (stomach?),  fatal.  Frog,  i  to  2  mg.  X  Gm.,  subcu- 
taneous, fatal. 

ZVGADENUS  (dried). —  Rabbit,  0.6  Gm.  X  Kg.,  subcutaneous,  just 
fatal   (*). 
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A  — LISTS  FOR  THE  STUDY  OF  MATERIA  MEDICA. 

Introductory. —  Tlie  materia-niedica  sections  of  the  text  consist 
largely  of  reference  data,  the  greater  part  of  which  it  is  useless  to 
mcmortKc,  and  from  which  a  judicious  selection  mtisi  be  made.  This 
is  artcmptcd  in  ihe  following  list*;,  which  contain  the  names  of  the 
Tiore  important  preparations,  divided  into  convenient  lessons  lo  cor- 
respond with  the  text.  The  student  should  keep  a  separate  note-book, 
ruled  in  columns  as  illustrated  in  the  schema,'  into  which  the  names 
of  the  drugs  and  the  relevant  data  are  entered  as  they  arc  studied. 
The  preparation  of  these  table*;  is  probably  tlie  most  efficient  method 
of  learning  Materia  Medica.  The  synonyms,  origin,  miscibility,  dose, 
and  remarks  will  be  found  in  ihe  text,  where  reference  to  the  lessons 
is  made;  in  only  a  few  cases  will  it  be  necessary  lo  consult  the  index. 
The  appearance,  odor,  and  taste  should  he  studied  directly  from  the 
specimen.  It  is  highly  desirable  that  the  physician  should  be  some- 
what familiar  with  the  physical  characters  of  the  principal  drugs,  if  for 
no  other  reason  than  tnat  it  will  give  him  some  confidence,  save  him 
some  embarrassment,  and  guarantee  ihc  proper  dispensing  of  his  pre- 
scription-i.  This  knowledge  may  be  of  vital  importance  for  the  prompt 
diagnosis  of  poisonmg.  Those  drugs  which  may  be  readily  recognized 
by  their  physical  character  are  marked  with  an  asterisk. 

The  Materia  Medica  Museum  should  contain  the  drugs  mentioned 
in  the  following  exercises.  Thc<c  may  he  duplicated  for  large  classes. 
It  will  be  found  convenient  to  arrange  the  drugs  according  to  the  les-' 
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sons.  A  card  index  is  almost  indispensable.  It  should  (five  the  case, 
shelt,  and  bottle  number,  and  these  should  also  be  placed  on  the  con- 
tainers. The  labels  should  give  the  name  of  the  drug:  whether  it  is 
for  identification,  important,  or  unimportant:  and  whether  it  may  be 
tasted.  Separate  gummed  slips,  distinguished  by  colors,  arc  very  handy 
for  this  purpose   (sec  (wigc  goij. 

Other  drugs  —  especially  crude  specimens —  are  valuable  for  refer- 
ence, but  may  be  d^spe^^ed  with.  Illustrations  and  herbarium  speci- 
mens of  important  and  domestic  medicinal  plants  arc  also  very 
profitable- 


Latin    Name. 


Lesson   i. —  Dyes   (Chapter 
VI,   p.    102). 

Tr.  Persionis  

Tr.  Persionis  Co 

Tr.  Curcunuc 

Caramel   

Liq.   Carmini    

Demlxcents  (page  755). 

•Acacia 

MiK*ilago   Acaci»   

Syr.    Acacise 

Sweetening  Agents. 

(p.   104  and  105.) 

•Saccharum    

•Syrupus    

Henzosulphinidum    

•Glycerinum   

•Glycyrrhiza    

•Pulv.    Glycyrrhizx 

•Fldext.  Glycyrrhizse 

Ext  Glycyrrhizac    

Syr.  Glycyrrhizw 

Lesson  2. —  Fi_4vors  (Crihe 
Dritcs)  (Chapter  VI,  p 
106). 

•Lavandula   

*Anthemis    

•Vanilla   

•Mentha  Piperita 

•Carum    

•Anisum    

•Coriandrum    

•Sassafras    

•Carynphyllus    

•Cinnamomum 

•Myrislica   

•Macis  

•Piper    

•Cardamomnm   


Tox- 
icity. 


H 
H 
D.n.t. 
H 
H 
H 
H 
H 
H 


Remarks. 


(    2%   Persionis. 
t  10%  Caramel. 

Partly    carbonized    sugar. 
With  ammonia  and  Jj  glycerin. 


Strength. 
Strengtli. 


8t  Gm.  in  100  c.c. 
Sweetening  power. 

Draw  sketch. 

5%  Ammonia  water. 


Draw  sketch. 


Sketch. 
Sketch. 
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Latin  Name. 


Lessok  6.— Haloids  (Chapter 
XXVIII,  p.  679). 

Bromum    

Liquor  Chlori  Compositus. .. 
•Calx  Chlorinata   

Liq.  Sods  Chloratae 

*Iodum    

•Liq.  lodi  Compositus 

•Tr.  lodi  

•lodoformum    

Thymolis  lodidum 

•Aq.  Hydrogeni  Dioxidi 


Lesson  7. — Vegetable  Astrin- 
gents  (Chapter  XXVIII,  p 


•Ac  Tannicum   

Ung.  Ac.  Tannici 

Glycer.    Ac.   Tannici 

Tannalbin    

Tinct    Gambir   Co 

"      Kramerise    

"      Kino    

Ext.   Hamatoxylon   

►Galla    

Sun  Cholera  Mixture 

The   principal   incompatibili 
ties  of  Tannins  are ; 


Tox- 
icity. 


D.n.t 

C 
D.n.t 
D,n.t 
D.n.t 

C 

C 
D.n.t. 
D.n.t. 

C 


C 
D.n.t. 
D.n.t. 

C 

C 

C 

C 

C 

C 

C 


Remarks. 


Do  not  smelL 


Strength : 


Ingredients : 


Lesson  8.— Astringents  and  Antiseptics  (Chapter  XXVIII,  p.  692). 
Tabulate  the  proper  strength  for  (i)  Ulcers.  Gargles,  Rectal  and  Va- 
ginal Injections;   (2)   Urethral  Injections  and  Eye-waters: 


Sodii  Chloridum  

Sodii    Bicarbonas    '. . 

lodum    

Zinci   Sulphas   

Zinci  Phenolsulphonas    

Hydrargyri  Chloridum  Corf.. 

Argenti   Nitras   

Argonin   

Tr.  Ferri  Chloridi  

Alumen   


Cupri  Sulphas  

Ac.  Tannicum  

Plumbi    Acetas    

Potassii  Permanganas 

Phenol    

Ac.   Boricum    

Cocaina    

Hydrastinina    

Atropinae  Sulph 

Physostigmina   Sulph. 


Latin   Name. 


Lesson    o. —  Hysteric     Seda 
TIVES     (Chapter    XXIX,    p. 
696). 

"Valeriana    

*Tr.  Valerian.  Ammon 

Aimnonii  Valeras 


unici'ili? 

—  .SriM'l-ASTS     FOK 

.';;apter    XXIX,    p. 


■,^.  ..:-   iVruvianum 


..  mp 

1l>iNKEl.TANTS. 


.e  L  m>p. 


loenw 


.      lui'c-i    

-    Pff-RETic   Oils 
:...    WIX.  p.   701)- 


■■:  i.«.r.    ^.onip 

_      -WClllI     

*>Ts  ni  Bronchiai. 
j-x  \M»  Respiratory 
.•«£X'[K>  '  p   roJ). 


ill    r-'iutamim 


Ingredients: 


Draw  sketch. 
Strength  of  Tro 


Draw   sketch. 
IiiRrediems: 
Draw   sketch. 
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Latin  Name. 


•Oleum  Ruta  .... 

•Hedeoma     

•Oleum  Hedeomae 


Mustard  Oil  Group  (p.  704). 

•Sinapis  Alba   

•Sinapis  Nigra   

•Spiritus   Sinapis    

Charta   Sinapis    

Thiosinamin     


Cantharidin  Group  (p.  707). 

•Cantharis    

Ceratum  Cantharldis 

Tr.  Cantharidis  

Capsicum   

Tr.  Capsici  

Chrysarobinum 


Remarks, 


Draw   sketch. 

Strength : 
Strength : 
(See  Lesson  2). 


Lesson  13.— Linaments   (state  ingredients)   Chapter  XXIX,  p.  718). 


Lin. 


Ammoniae    . . 
Belladonnae 

Calcis   

Camphora; 
Chloroformi 


Saponis 

Sinapis  Comp. 
Cantharidis   .. 

Aconiti     

Sinapis    


D.n.t. 
D.n.t 
D.n.t. 
D.n.t. 
D.n.t. 


Lesson  t4. —  Simple  Bitter? 
(Chapter  XXX,  p.  722). 

Tr.  Calumbae   

•Gentiana    

Tr.  Gentiana  Comp 

Elixir  Gentianae   

•Quassia 

Tr.  Quassiae  

EHx.   Taraxaci   Comp 


Astringent  Bitters  (p.  723). 

Tr.   Serpentariae   

Fldext.   Cimicifugae    


Aromatic  Bitters  (p.  724). 

•Calamus  

Tr.  Aurantii  Amari 


Aromatics,  Carminatives  and 
Condiments  (p.  725). 

Spir.   Menthse   Piperitse 

Tinct.  Zingiberis 

Tinct.  Cardamomi  Co 

Pil.  Asafoetidae   


(See  Lesson  4), 


Ingredients 
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Latin  Narac. 


Lesson    (5— Cathahtic   Oils 
(Chapter  XXX,  p.  726). 

01.  Tiglii 

•01.   Ricini  


Emooik  Gtoup  <p.  729). 

•Senna    

Fldext.  Scnnac  .«^ 


Int  Senna  Co 

Pulv.  Glycyrrh.  Co. 

Species  Laxantes  

•Rheum    

Pulv.   Rhei  Ca 

Pi!.  Rhei  Col 

Tinct.    Rhei    Arom 

Syr    Rhei   .\rom. 

Mi-it.  Rhei  et  SoAe 

•Fldext.   Rhamni   Pursh 

Fldext.  Rhamni  Pur&h.  Afom. 

Aloe    

•Tinct  AJoes 

Pil.  Aloes   

**        "    el  Fcm*   

"    et   Myrrha 

Pil.  Laxativx  Co 


LeS-OV    16 — AVHYDBID    CaTH- 

ABTics    ( Chapter    XXX,    p 
733). 

Jalapa     

Pulvis  Jalapx  Covnp 

Re*ina  Scammonii  .......... 

Re«ina  PodophylH 

•Coloonthis  

Ext.    ColcK-ynlhydis  Comp.... 

Pi!.   Catharticae  Comp 

Pi!.    Cathartic*  VcRetabilis.. . 

Trituralio  Elaterini   

Camboffia    

Manna    

Carl>o.  V\gr\\  

Suppos.  Ghcerini   

Fel    Bovi«  Purific 


Lesson    17. —  Anthllmintics 
(Chapter  XXX,  p.  744). 

•Pcpo    

.Aspidium 

Olei^resina   Aspidii   

Peflctierinx  Tannat   

Sanioninum    

Trocbisfi  Santonini 


Tox- 
icity. 


D.a.t 
C 


H 
C 

H 
H 
H 
H 
C 
Djut 
C 
H 
H 
C 
C 
C 
C 


n.nt, 

D.nt. 
D.n.t. 
D.n.1. 

C 
D.n.t. 
D.n.L 
D.n.t. 
D.ni. 
D.n.t. 

H 

H 
D.n.t. 

C 


DtLt 

D-n-t 
Dnt 
Dnt. 
Dm. 
D.n.t 


RcmaHcs. 


Draw  slcctcfa. 

alcohol? 
Infcrraicots : 


iDgTcdtents '. 


TtqcTcdicttis: 
WliT  sbonJd  cucan  bt  tton^' 
How  is  bifter  taste  IcsidKd? 
Name  official  vaiiedci. 


Insre<ti«it5 : 


Draw  skctdL 
Ingredients: 


Draw   (ketch. 
Imeredicnts : 

IfiKrrdients : 


Strength: 
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1 — * 

Latin  Name. 

Tox- 
icity. 

Remarks. 

Lesson   18. — Strychnin  Group 
.            (Chapter  Vlll.  p.  160), 
^^HNux   Vomica 

D.n.t. 

c 

D.n.t. 

D.n.t. 

C 

H 
H 

? 

H 
C 

Dji.t. 

n.n.t. 

D.IT.t. 

c 

Name  per  cent,  of  Strychnin  ia 

^^■Tr.   Nucis   Vomicae 

each  preparation. 

^^pTTvt       Mii^;*!      VnmlfM 

Name  alkaloid*;.     Draw  sketch. 

^^  Strychniiiae  Sulphas 

Solubility  in  water: 

Elixir    Fer.   Qiiin.   et   Strych. 
Phosph 

InRrcdicnts  in  dose: 

E 

Caffein  Group  (p.  173). 
•Caffca    

•Tlica    

Thcobroma    

Caffeina  Citrala    

Caffeina  Citrata  EfFcrvescens. 
,         Thcobromina-Sodio-Salicylas. 

1         PicROToxiN  Group  (p.  177). 
'        Picrotoxinnm     

Cocciilus   Indicus    

Cicuta   \'iro5a 

Phytolaccac  Fructu-i  ... 

h  Lesson  19. —   Morphin  Group  (Chapter  IX.  p.  aoi). 

■    Name  the  principal  alkaloids  and  acid  of  opium.     Stale  the  opium  and 
morphin  percentage  of  each  of  the  preparations. 


•Opium    

1^^  Opii  Pulvis  

^KrOpium    Dcodoralum    

^^^i1.    Opii 

^Pr.  Opii    

^^FTr.  Opii  Camph , 

^^  Pulv.   Ipecac  et  Opii 

Tinct.  Ipecac  et  Opii 

Lntifi  Opii  et   Plumbi 

Mnrphina?  Hydrochlor 

^^  Morphmic  Sulphas 

^H-Codeina    

^^■'Codeinse   Pho^phas 

^HHeroinae  Hydrochlor 

^^.ESSON    30. —  SVNDRV    OHOANIC 

NARcoTirs    (Chapter    IX.   p 

I        Ext.  Cannabis  Indica 

Tr    Cannabis  Indies 

I        Liipulinnm    

"Hydrastis 


<nci.   Hydrastis   

Glvceritum  Hydrastis 


C 

c 
c 

c 
c 
c 
c 

D.n.t. 

Dn.t. 

n.n.t. 

D.n.t. 
D.n.t. 
D.n.t 


How  made?     What  purpose? 


Dose  for  infants 

dients: 
InRTcfiients: 


Main  Ingrc- 


Solubility  in  water: 


Principal  Alkaloids 
Draw  sketch. 

StrenRtb: 
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-fY 

Remarks. 

iZ 

Draw  sketch. 

-■  ^X 

C 

I   D.n.t. 
1   D.n.l. 
!    D.n.t. 
-.1      H 

Solubility  in  water: 
*t       •>        •• 

ttans    Chol'P    (Cliapter    XI.   p.   242). 
-  '.belonging  to  the  group  are: 
^;^«jTn5inK  to  the  group  arc: 
'(  alkaloids  is: 
■    Fluidextractft  is: 
res  is: 
-.i:Mvi>  is: 
^   T  and  nature  of  the  Hyoscaymuv  coniiitortli 
^  jdacr  drugs? 


.  '■  'in 

f  ■  111 

N.    PlLOCAR 

^iTN.  Etc. 
Illy    of    the 
l>*ir>xhlor 

m  Conii  

<Tnii 

.-I..r    

ue   Suli»ha5. 

IVTTllN.M.    Stntt 

:ptcr  Xni) 
male?   Sicce. ,. 
N-iloid    ........ 

1    Sicce 


D.n.l. 

C 
Dn.l. 
D.n.l. 
D.n.l. 

C 
D.nt. 

D.n.t. 
D.n.t. 


D.n.t. 
D.n.L 
D.n.i. 
D.ai, 
D.n.t. 
D.n.t 
D.n.t 

C 
D.n.t 
D.n.t. 


D.n.(. 
D.n.t. 
D.n.L 
D.n.t 


Ingredients: 


Sol.    in    water 

use  in   eye : 
StrciiRth  fnr  u*e  in  fve 
So)    in  water:     S 


Sirttnttli  i^ 


Origin,  constituents: 


Important  constituents: 
Synonym.    Strength  for 

p.   295. 

p-  300. 
P-  30» 
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Latin  Name. 

Lesson   25. —  Emetics    (Chap- 
ter XIV). 
State  the  emetic  and  nauseant 
doses. 

Apomorph.  Hydrochlor 

^Ipecacuanha   

Pulvis   Ipecac 

Syrupus   Ipec 

Vinum  Ipec 

Syr.  Senega v 

Ammonii  Carbonas   

Ant.  et  Pot.  Tart 

Syr.  Scillse  Co 

♦Cupri  Sulphas  

Lesson   26. —  Aconite   Series 
(Chapter  XV). 

•Aconitum 

Tinct.  Aconiti   

Aconitina    

Tinct.  Veratri   

Veratrina    

Vin.  Colchici  Sem 

Lesson  27. —  OriNiN  Group 

(Chapter  XVI,  p.  34O. 
Cinchona   

Tinct.  Cinchonse  

Tinct.  Cinchon,  Co 

•Quininae  Sulph 

Bisulph 

Hydrochlor 

Euquinin    

Lesson  28. —  Antipyretics 
(Chapter  XVII,  p.  354)- 

Antipyrina    

*AcetaniIidum    

PuJv.   Acetanilidi   Comp 

Acetphenetidinum   

Lesson  29.—  Coai.-Tar  Anti- 
septics ( Chapter  XVI  I,  p, 
364). 

State  the  strenjjth   for  local 
use. 

♦Phenol  

♦Phenol  Liqucfactum   

Vng.    Phenolis    

Phenylis  Salicylas   

Cresol    

Liq.  Cresolis  Comp 


Tox- 
icity. 


D.n.t. 
C 

c 
c 
c 
c 
c 

D.n.t. 
C 

c 


D.n.t. 

C 
D.n.t. 

C 
D.n.^ 

C 


H 


D.n.t 
D.n.t. 
D.n.t. 

C 
D.n.t. 
D.n.t. 


Remarks. 


p.  307. 

Draw  sketch,    p.  31a 


p.  313- 
Ingredients : 


Draw  sketch,    p,  323. 
Strength : 

Strength,    p.   329. 

p.  330. 


Principal  alkaloids;  per  cent, 
of  alkaloids. 


Ingredients : 
Solubility  in  water 


Composition. 


%. 
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Latin  Name. 


Tox- 
icity. 


Remarks. 


PyroRallol 

Rcsurcinol    

*Uva   Ursi    , 

•Crtosotum  

Guaiacol  

Guaiacoli  Carbonas 
'TTiymoI    

Liq.    Antisept 


Lesson  .^o. —  Coal-Tar  Anti- 
*iErrics.  Continued  (Chapter 
XVH.  p.  371). 

Pix  Liquida  

*Syr.    Picis  Liq 

Methylthioniiiae    Hydrochlor. . 

Acid.    Picriciim   

Acid.   Salicyl 

*Sodii  Salicvl 

•Mcthylis  Salicyl 

Aspirin   

Acid.  Benzoic 

Sodii  Benzoas   

Naphthfiliniim    

Betanaplilhol     

Serum  Antidiphther 


D.n,t. 
C 
H 
C 
C 

c 
c 

c 


D.n.l. 

H 
D.n.t 
D.n.t. 

C 

C 

c 
c 

c 
c 
c 
c 

Dn.i. 


Draw  sketch. 


Main  ingredienti: 


Les.^iON   31. — Alcoholic  Liquids    (Chapter  XIX,  p.  423). 
State   the   alcoholic   strength    (by   volume). 


♦Alcohol    

Alcohol  Dilutiim 
•Spir.  Frumenti  . 
*Spir.  Vini  Gall. 

Rum    

Gin    


LkSSON     .12. —  ANESTHETtrS 

(Chapter  XIX,  p.  442). 
•Chloroformum  

Spir.   Chlnroformi 

Bromoformum   

Ethylis  Chloridum  

•.tther    

Spir.   -^theris 

Spir  .l^theris  Comp 

♦.^ther   Aceticu.s    


Lesson    33.  —  HvnRnrAHBox 
HvPVOTics  (Chapter  XIX.  p. 
444). 
State  the  sntubility  in  water. 

•Chloraliim  Hydratnm  

Chloral    formamidum    

Chloroform   Acetone 

.Ethylis  Carbamas 


C 

C 

c 

D.n.t. 
C 
C 
C 

c 


Vinum  .Mbum  , 
"       Rubnim 
"       Xericum 
"       Portense 

ChampafiEnc   .... 

Ale  and   Porter 

Beer    


%. 


%. 
Injrredients 
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Latin  Name. 


nal    

lal   

onmethanum   

onethylmethanum 

dehydum   

ene  Hydrate 


O  N      M- —  FoRMALDEHVr 

rp     (Chapter     XIX,     p. 


T  Fonnaldehydi 

orm  

methylenamina 


J  ^5^ — Camphor   Group 
lapter  XXI,  p.  465). 

thora    

us  Camphors 

tent.  Camphorae 

Tamphoric 

tiol 


'N  36. —  Cyanid  Group 
fiapter  XXI.  p.  470). 

ijrdrocyan.  Dil 

sii  Cyanidum  

Pruni  Virgin 

;dala  Amara  

Amygd.  Amarae , 


^  37.— Nitrites    (Chap 
ter  XXI,  p.  476). 

is  Nitris   , 

-^ther.  Nitros , 

Nitris  , 

Glycerylis  Nitratis , 

lae  Trinitrini  


r  38. —  Digitalis  Group 
lapter  XXII.  p.  496). 
;  the  drugs  of  the  group 
le  the  active  constituents 
talis,  and  their  sohibility 
•hoi  and  water. 

ilis   

ira   Digitalis    

im  Digitalis 

.ira  Strophanthi   

sciiiae" ;;!;!;;!!;!!! 

icillac  Comp 


Tox- 
icity. 


D.n.t 
C 
C 


D.n.t. 
D.n.t. 

H 

C 

C 


D.n.t. 

C 
D.n.t. 
D.n.t. 
D.n.t. 


Remarks. 


Strength : 
(Formaldehyd  Tablets.) 


Ingredients  and  percent. 


Draw  sketch. 


%. 
Strength. 


c 

c 

%. 

r 

%. 

c 

%. 

c 

c 

%. 

C 

Innrcdients 
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Latin  Name. 


l.KssoN    \s) —  Rroot  Gboi'p 

(Chapter  XXIIl,  p.  509). 

Name,  the  active  ingredients  of 

Ergot. 

■Ergota    

*Fluidext.   Ergotw   

Ext.    Ergntae    

Gossypii  Cortex 

Fluidcxtr.  Viburni  Prunifol... 


Lesson  40. —  Sapotoxin  Grout 
(Chapter  XXIll.  p.  514). 

Quillaja    

Synipus   Senega   ,. 

Syr.  Sarsap.  Co.  


Lesson  41. —  Cot^r.n  \!ixTrREJi 

(Chapter  XXIIL  p.  519). 

Slate   main   ingredients   of 

Mist.  Glycyrrh.  Co 

Syr.  Scillae  Co 

Troch    Ciihehsr   

Species  Pectorales 

Syr.  Pini  Strobi  Co 


Lesson   42. —  Osmotic   .^moN 
(Chapter  XXIV,  p.  540). 

•Sodii  Chloridiim  

Urea   


Tox- 
icity. 


Remarks. 


Draw  sketch. 


Itigredients 


(Sec  Lcfson  jfiL) 


Cathartic  Salts  p.  545). 
State  the  ordinary  dose  of  all  soluble  cathanie  talts. 


Magnesii  Carbonas 

H 
H 
H 
H 
H 

Sudii  Phospha* 

Oxidum    

Sodii   Sulpha*    . 

*Sacchariim  l.aciis 

Sulphas   

Pot.   Bitart 

Pm    el  Sod.   Tan 

Liquor  Magnc>*ti  Citr^ 
Liq.    Sodii    Phiisph    Oi 

State    the    ingredients   of    the    white   and    bUtc    Seidlilf   pi>wd< 
Name   the   principal    effervescing    cathartic    salts    and    their   d<«t' 


Lesson  43.— Cathions  ((Thap- 

ler  XXV.  p.  5S8). 

Lithii  Cartmna**       

c 

c 
c 

H 

H 

H 
C 
C 

H 

J 

Liihii  Citras  Effervescens  ... 
*Ammonii   Cartionas 

■ 

•Spir.  Ammonirr  .^rom 

Amnionii   Chloridum   

Liq.  Ammonii  Acetatis 

•Creta  Prenarata .-<... 

Tnarcdients :                   ^^ 
Strcnsrth  of  Trochwr        J 
Should    be   freshly   imik.  1 
cause : 

Calcii  CarWinas  Predp. 

*Liciiinr  Calcic 

M 

^vritpii^  Calcis   

■ 

Calcii  Pho5pha«  Prcc 

m 
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Latin  Name. 

lox- 
icity 

Remarks. 

Calcii  Oiloriduin 

C 

-D.n.t 

C 

C 

c 

c 
c 

D.n.t. 
C 

c 

D.n.t 
C 
C 
C 

U.n.t. 

Barii  Chloridum    

Sirontii   L»ctas    

Antidote : 

^Lesson  44.— Anions  (Chapter 

m^      XXV,  p.  568). 

^'Poiassii  Bromtdum  

"      lodidum  

S  TI1C   general   solubility   and 
t     dose  of  all  broniids  is ; 
The   Reiieral  dose  and  solubil- 
ity of  all  iodids  is: 

■^                      Miff^^ 

^P              Chloras    

SlrcnRth  of  Trochisci: 

^p               PermanKanas   

Citras  

1 Acidum  Oxaliciim 

Antidote: 

^^L                Boricum     

Strength   for  local  use: 
<•           I*        It       >i 

PerccntaRe : 

^                Boricum   Piilv. 

Sodii  Boras    

GJyccrituin  Boroglyccrini   .... 

Lesson  45.— 

Chapter  XXVI. 

The  strength  of  all  Dilute  Acids  is 


Acids 

p.  586). 
(r%:  with  what  exceptions? 


» 


Acidiim   HydrochloriciiiTi 

Acidum  Hydrochloricnm  nil . 
Ac.  Xiirohydrochloricum^  Dil 

Nitricunt    

Phosphoriciim 

Phosphnriciim  Dil 

Siilphuricnm    


Ac 
Ac. 
Ac. 
Ac. 


Sulphuriciim   Dil 
Accticiim  DiUitun 

Citricum   

Ac.   Ciirici 

Olcicum    

SulphurosHm 


Ac.  Trichloraceticiim 


D.n.t 
C 

c 
c 
c 
c 
c 


I  Le:^son  46.— AtK.^LIEs   (Chapter  XXVI.   p.  597)- 

i  The    following    are    studied    in    preceding    lessons:     Magnesia    and 

Magn.  Carb. ;  Lip.  and  Syr.  Calcis;  Crela  and  Calc.  Carb. ;  Sp.  .\mmon. 

.Xrum    and  Amm.  Carb.;   Pot.  Acctas,  and  Citras;  Sod.  Boras. 


Soda   

'Potassa   

Calx    

Liq.   Potassae  Strength... 
Aq.    Ammonijc    Strength, 


C 
C 
C 

c 

n  ri,t. 


Potassii  Carbonas 
•Sodii  Carbonas  ... 
•Sodii  Bicarbonas  . 

Piperazin    

Sapo    


Name  the  main  ingredients  of  Carlsbad  and   Hunyadi  Waters. 
Lesson  47.— Met.m.s   (Chapter  XXVIl). 


I 


I.ESSOV  47.— Metals 
(Chapter  XXVU). 

ARSENtC     (p.    616). 

Arseni    Trioxidnm 

D.n.t. 
D.n.t 

D.n.t. 
D.n.t. 

.Ml  fluid  arsenic  preoRralions 
contain  — %  of  arsenic. 
Their  dose  is —                  — 

Liq.   Potassii  Arscnitis 

Liq.  Arscni  et  Hydrargyri 
lodidi    

Sod.   Cacodylate   
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ANTiMONv  (p.  C19). 
Anlimonii   et  Potassii  Tartras. 

Vinum  Antimonii  

Syr.  Scillw  Comp 

BisMLTii  tp.  6ji). 

Bi.tmuthi  SulKarbonas 

*Bismuthi  Subnitras .*,.. 

Bismuthi  Siihf^allas 

Lesson  48. — Iron* 
(Chapter  XXVII,  p.  628). 

Liquor    Fcrri    Subsulpli 

Fcrrum  Reductiim   

Massa  Fcrri  Carh 

Pil.  Ferri  Carb 

Ferri  Sulph.  Exsicc 

Pil.  Aloe?  I'l  Ferri 

Ferri  et  Amm.  Tart 

Syr.   Fcrri   lodidi 

*Tinct.  Fcrri  Cblor 

Organic   Iron   Preparations. . . 

MANGANESE  AND  CHROMITM. 
(p.  632). 

ManR.  Diox.  Praec 

•Pot.   PcrmanR 

Chromii  Trioxid 

*Pot.   Dichromas 

Lesson  49. — AttrMiNrM  Groii 
(Chapter  XXVII.  p.  633). 

Alunien    

sn.VEK  CROUP  (p.  636). 

ArRcnti  Nitras 

•Argcnti  Nilras  Fusus 

CoIlarRol 

Organic  Silver  Prep .... 

Auri  et  Sod.  Chlor 

COPPER-2INC  CROUP    (p.  638). 

Slate  strength  for  local  use. 

*Ciipri  Sulphas   

Zinci   Phcnolsulph . 

Zinci  Sulph 

Liq    Zinci  Chlor 

Zinci  Oxidum   .  - 

Ung.  Zinci  Oxidi 

Lesson  50.— Mekcl^rv  (p.  645). 
State  strength   for  local   nse. 

Mas<ia  Hydrarg>Ti   

•Ung.  H>clrarg>Ti 

L'ng.  Hydrargyri  Dibit 


Tox- 
icity. 


D.n.t.' 
C 
C 


C 

H 
D.11.1. 
D.n.t. 

C 
D.n.t. 

C 

C 

c 
c 


c 

D.n.t. 

D.n.t. 
D.n.l. 


D.t».t. 

D.n.t. 

D.n.t. 

n.n.t. 

D.n.t. 

D.n.t. 

Dn.i. 

C 

D.n.t. 

C 

D.n.t. 

D.n.t 

Dnt 

D.n.t, 

Remarks. 


Contains  Tartar  Emetic  — %. 
Contains  Tartar  Emetic  — %. 


Ingredients 


Strength  for  local 

Strength  for  local 


Strength 


%. 


MATERIA    MEDICA   LESSONS    5 1    TO    53. 


977 


Latin  Name. 


ANTIMONY  (p.  619;. 

Hydrarg.  Chlor.  Mile 

Hydrarg.  lodid.  Flav 

Lotio    Nigra    

Ung.  Hydrarg.  Ox.  Ruhr. . . 
Hydrarg.  Chlor.  Corros,.., 

Lotio   Flava    

Liq.  Hydrarg.  ct  Ars.  lod. 
"Ung.   Hydrarg.   Nitratis... 


Tox- 
icity. 


D.n.t. 
D.n.i. 
D.n.t. 
D.n.t. 
D.n.t. 
D.n.t. 
D.n.t. 
D.n.t. 


Remarks. 


Ingredients : 


Ingredients : 


Give  the  Latin  name  of  Gray  Powder;  White  Precipitate. 

Lesson  51. —  Lead 
(Chapter  XXVII,  p.  653). 

Plumbi  Acetas D.n.t. 

Liq.  Plumbi  Subacet D.n.t.     %. 

Liq.  Plumbi  Subacet.  Dil D.n.t.     %. 

Emplastr.  Plumbi   D.n.t. 


(p.  658). 


phosphorus 

•Phophorus  

PtI.  Phosphori 

Dose  of  hypophosphites : 

Syr.  Hypophosphitum  

Syr.  Hypophosphitum  cum 
Ferro 


Lesson  52. — Emollients 
(Chapter  XXXI.  p.  750) 

FLUID : 

01.  Oliva   

•01.  Gossypii  Seminis 

01.  Lini   

Ac.  Oleicum  

•Glycerinum    

♦Petrolatum  Liquidum   


semi-solid: 


*0!.  Thcobromatis  . . , 
*Adeps  Benzoinatus  . . 

Adeps  Lanae  Hydros. 

*Pctrolatum   

•Petrolatum  Album  . . 

Unguentum   

*Ung.  Aquae  Rosa. . . . 

Ceratum   


Lesson  53. — Waxes  and  Res- 
-  INS  (Chapter  XXXI,  p.  752). 

•Cera  Flava  

*Cera   Alba    

•ParaflSnum    

•Resina 

Elastica    

Gutta  Percha  


D.n.t. 
D.n.t. 

C 

c 


H 
H 

D.n.t. 

H 

H 
D.n.t. 
D.n.t. 
D.n.t. 


TT 

H 

H 

H 
D.n.t. 
D.n.t. 


Best  solvent: 
Strength : 


Str>*chnin  in  8  c.  c. 


Ingredients: 
Ingredicnti: 
InRrcdicnts: 

l'L.\STER-M asses    (p.   753). 

State  ttu*   RuKlish  name  and 
the  ingredients  of  the   follow- 
ing Emplastra: 
.\dhcsivum, 
Rclhidonna*. 
Capsici. 
Hydrarfiyri, 
Ichthyocullx. 
Phim'bi. 
Rcsinap. 
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Latin  Name. 

Lesson   54 — Deml-lcents 
(Chapter  XXXL  p.  754). 

♦Limim 

•Linum  Contusuin 

Cataplasma  Kaolini   

•Acacia 

•Mucilago  Acaci«c 

•Tragacantha   

•Cetraria    ....,.., 

*Chondnis    ..«  ^  t...» 

*Gelalinum    .  t 

MECHANICAL     mOTECTIVES  : 

*Lycopodium     

♦Talcum     

♦Amylum 

♦Collodium   

Collodiuni   FItxile 

Gossypium   Piirif 

Calcti  Sulphas  Exsic 

Liq.   Sodii   Silicates 

Lesson  55. — Nutrients  and 
Ferments  (Chapter  XXXII. 
P-  757)- 

Pepsinum 

Pcpsinum    Saccharatuni 

Liquor   Pepsini    

Glyceritum   Pcpsini    

Pancreatinum 

Papain  

*Exir.  Malii  

•Extr.    Camis    

Vin.  Camis  et  Fcrri 

*01.  Morrhuic  

•Emuls.  01.  Morrhuc 

Emuls.  (31.  Morrhue  cum 
Hypophos. 

Tinct.    ( luaiaci 


Tox- 
icity 


H 

H 

D.nL 

H 
H 
H 
H 
H 
H 


D.n.t. 
D.n.t. 

H 
D.n.t 
D.at 
D.n.t. 
D.n.t. 

DjLt 


D.n.t 

H 

H 

H 
D.n.t 
D.n.t 

H 

C 

C 

H 

H 


Remarks. 


Draw  sketch. 

Ingredients: 

%. 

Draw  sketch. 
Draw  sketch. 
Draw  sketch. 


%. 
InRredients 


Diffesiive  Power 


Digesiive  Power: 


B.— BIBLIOGRAPHIC  REFERENCES  FOR  COLL-ATERAt 
READING. 

Introductory.—  It  is  highly  desirable  that  the  Miidcnl's  kr»oiilf4r* 
of   pharmacology   should    not   be    litnilcd   by  the   glalctnrn(«   *nd 
contained   in   a   single   text-book.     Some   excursion- 
literature  arc   espccialy   valuable,  and    indeed   iiidisi 
understandingr  of  the  subject     Even  elementary  >i 
and  abstract  at  least  a  few  of  the  papers  in  the  Si^ 
may  serve  as  a  guide   for   this  collateral   reading.     .... 
and   bcginniuK  tnvesligators   should  ami  10  cover  as  m.n 
of  List  IV.     The  lists  have  been  compiled  with  a  view  t- 
representative   rather  than  exhaustive.      Preference  has 
the  papers  which  deal  with  general  problems,  or  which  (i 
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ods  of  research,  over  those  which  deal  with  more  circumscribed  topics. 
Some  of  the  latter  have,  Iiowever,  been  introduced,  when  they  cover 
points  of  special  interest.  The  more  recent  articles  have  usually  been 
preferred,  since  they  give  a  more  representative  view  of  the  present 
standpoint  of  knowledge.  They  are  also  more  useful  as  guides  to  the 
special  literature  of  the  subject.  A  number  of  older  papers  of  classical 
value  have,  however,  been  retained,  These  should  only  l>e  read  in 
connection  with  the  more  recent  papers,  or  under  the  critical  guidance 
of  the  instructor.  Indeed,  the  value  of  the  entire  course  of  reading 
may  be  manifolded  by  discussing  the  abstracts  in  seminars. 

The  accessibility  of  the  papers  has  also  been  a  factor  in  their  selection. 

These  lists  make  no  pretense  to  a  complete  bibliography  of  any  sub- 
ject. Those  in  search  for  further  information  inay  be  guided  by  the 
references  in  the  papers  of  List  IV;  by  the  more  extensive  bibliog- 
raphies in  some  of  the  other  text-books  of  List  I  (notably  Binz,  Cush- 
ny,  Kobert.  Schmiedeberg,  Hale  White,  and  Wood ) ;  in  the  critical 
bibliographies,  especially  of  the  Ergebnisse  der  Physiologie,  and  of  the 
Biochemisches  Centralblatt  (the  most  important  being  quoted  in  List 
II)  ;  or  by  the  references  in  the  text.  Only  the  name  and  year  of 
publication  are  given  in  the  latter;  the  exact  reference  can  be  found 
m  the  Bibliographic  Register,   preceding  the   Index. 

List  I.  Reference  Books— Systematic  Pharmacology  and  Ther- 
apeutics: 

The  books  marked   *   seem  the  most   indispensable. 
•1891.     Binz      Vorlesnngcn   ucber   Pharmakologic,     Berlin. 
•1885.     Lauder    Brunttm:     Pharmacology,    Therapeutics    and    Materia 
Medica.      Philadelphia. 
l8!>8.     Lander  Btunton:    Lectures  on  the  Actions  of  Medicines.    New 

York. 
1853-18S6.     Buchhcim:     Arzneimittellehre.     Leipzig. 
*igo3.     Cushny:     Pharmacology   and   Therapeutics.     Philadelphia. 
•1904      Heins'     Handh.  d.    Path,   und    Pharmakol.     Jena. 
*i897.     Kobert:     Pharmakotherapie.     Stuttgart. 
IQOI.     Fembrey  tnid  FhiUits:     Physiol.  Action  of  Drugs.     London. 
iQOO.     Penzoldt:     Klinische    Arzncibchandlung.    Jena, 
•igoi.     Si'hmiedcberg:     Pharmakologic.     Leipzig. 
1901.     Tdppancr:     Arzneimillellelire.     Leipzig. 

•1901.     Hale  White  (Editor)  :    Textbook  of  Pharmacology  and  Thera- 
peutics.    Edinburgh. 
•1902.     Wood:     Therapeutics,     Philadelphia. 
1904.     Yto:     Manual  of  Medical  Treatment.     Chicago. 

Pharmacognosy,  Materia  Metlica,  etc. 

Bastin :     Laboratory   Exercises  in   Botany. 

Cohlentc:     Han!ll>ook  of  Pharmacy.     Philadelphia. 
i88j.     OragRendorff :      Pflanzeiianalyse.     Gi^ittingen. 
1898.     Draggcudorff :      Vlcilpflanzen.      Stuttgart. 
1885.     Fiuckiger  and  Tschirch:     Pharmakogiiosie.     Berlin. 

Ftuekiger  and  Hanbury.     Pharmacographia. 

Gray's  Manual  of   Botany. 

Hager:     Pharmacculische  Praxis   (2  vol.).     Berlin 


"T900. 

♦1Q04. 
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Hatcher  and  Solhnann:     Textbook  of  Materia  Medica.     Saun- 
ders. 
Husemann  and  HUger:     Pflanzenstoffe   {2  vol."). 
Maisch:     Organic  Materia  Medica.     Philadelohia. 
Mann:     Manual   of  Prescription  Writing.     New   York, 
National  Dispensatory. 
National  Formulary. 
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l^fmitigtott:     Practice  of  Pharmacy. 
Robinson:     Latin  Grammar  uf  Pliarm.  and 
1901.     Roscoe    and    SchorUmmer^s    Lehrb.    d 
Braunschrcig. 
United  Stall's  Dispensatory. 
•1905.     Vnitcd  States  Phonnacopecta, 

General  Toxicology: 

♦  BIyth:     Poisons:  Their  Effects  and   Detection. 

1880.  Boehm,  Saunyn  and  t     Boeck:     Handb.  d    Vergiftungen. 

•  Dranf^eudorff:     Toxicologic. 

1874.  Hermann:     ExptTinienielle  Toxicologic.     Berlin. 

*  z'.Hoftnatt:     Atlas  of  Lef^al   Medicine,     launder*, 
1897.  V.  Jasksch:     Die   Vcrgifltmgcn. 

•1901,  Kionka'     Grundriss  d.  Toxicologic.     Leipzig. 

*I904.  Kobert:     Lchrbuch  dcr  Intoxicationen.     Stuttgart. 

igoi.  Kunkei:     Hatidbnch   dcr  Toxicologic.     Jena. 

1897.  LciiHtt:    Toxicologic.     WTen. 

*l852.  OrUla:     Traite  dcs   Poisons.     Paris. 

150J.  Peterson  and  Haines:     Legal  Medicine  and  Toxicology. 
Tanner:     Memoranda  of  Poisons.     Philadelphia. 

Toxicologic  Analysis:     (See  also  Toxicolog>-.) 
i8qj.     Fliickiger:     Reactions.     Detroit. 
1897-     Kippenberger:     Nachweis  v.   Giflstoffcn.     Berlin. 
*i896.     Otto:     Aiismittlung  dcr   Gifte.     Braunschweig 
*l897.    Schaer  and  Zenetti:     Anal.  Chem.   Uebtmgsarb.     Berlin. 
Holland.  Medical  Chemistry. 
It'orrnley:     Microcheniistry  of  Poisons. 


'i8q8. 

1887. 
1901. 
1900. 


1904. 
•1883. 
•1901. 

1904. 


1885. 

List  II.    Larger  Monographs: 

1904.    Ahderhalden:    J^ibliographie   des   Alkohols.      Berlin 

Atwater  and  Langz^orthy :     Digc<t  of  Metabolism   E.xp<rin>CTift 
Office  Exp.  St.     Bnlletin  45-     U.  S.  DepL  Agr. 

Ertenmeyer:     Morphiimisucht.     Berlin. 

Fraenkef:     Arzncimittol-Synlhcsc.     Berlin 

t'.  Puerth:     Vcrgl.  Chem.  Physiol,  d.  nicderen  These,     Jena. 
•1902-1904.     Hamburger:    Osm.  Druck  und  loncnlchrc.     3  vol.     Wies- 
baden. 

Leu'in:     Fruchtahtrelbting  d.  Gifte.     Berlin. 

Leziin:     Untoward  Effects  of  Drugs.     Deiroit. 

Oxertcn:     Studicn  ub.  die  Narkose.    Jena. 

IVassermann:     Immune  Sera.    J.  Wiley  &  Sons. 

List  TIL    Journals  and  Abbreviations: 

A.  f,   H. — Archiv  fiJr   llygiciu' 

Am.  J.   Ph. — American  Journal  of  Physiology. 

Am.  J.   Phar. — American  Journal  of   Pharmacy. 

Arch,   dc   Phys. — Archives  dc   Physiologic 

Arch,  f  Phys. — Archiv  fiir  (Anatomic  und)    Phy^iologie. 

Arch.  int.  Pharm.   (A.  i.  P.  T. ) — Archiv  international  dc  Pliarmacody* 

namie  et  Therapie. 
Arch,  it- — Archives  italianncs  de  Biologic. 

B.  C. — Biochcmisches  Centralbhtt. 

Dorp.  Arb. — Arbeitcn  aus  den  pharmakoligischen  Institut.   DorpuL 

Du   B. — Du   Bois'   Archiv   fiir   Physiologie. 

Erg. — Asher  &  Spiro,  Ergebnisse  der  Physiologic. 

B. — Hofmeister's  Beitrage.     z.  Chem.  Phys     u.  Path. 
■Hoppe-Seylcr's  Zeitschrift  f.    Physiol.  Chcmic. 
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A.  M.  A. — Journal   American  Medical  Association. 
[.  dc   Ph. —  Journal  tic   PhysiologK* 
J.  Exp.  Mc<I. — Journal  of  Experimental  Medicine. 
J.  H,  H.  Bull. — Johns  Hopkins  Hospital   Bulletin. 
J.   Med.   Res. — Journal   of  Medical    Kcscarch. 
J.    Ph. —  (English)    Journal  of   Physiology. 
Pf.— Pfliigcr's   Archiv   f.   d.  gesamentc   Physiologie. 
Schm. — Schmiedcbcrg's   Arch,   fiir  exp.    Path,    und   Pharmak. 
Sk. — Skandinavisches  Archiv   fiir   Physiologic. 
Virch. — Virchow's  Archiv  fiir  Path.  Anat.  u.  Physiol. 
Z.  B. — Kuhne's  Zeitscliriil  fiir   Biologic 

List  IV.    Selected  Papers. 

Arr.-^n^ed  by  the  chapters  of  the  book. 

Methods  of  Jnstructton: 
1890.     Abel,  J.  J.     Phil.   Med.  Journ.,  Sept.   i. 
igo2,     Sollmann.  T.    J.  A.  M.  A.,  Sept.  6. 
19CU.     Sollmann,  T.    J.   A.   M.   A..  4^ :  452, 

Asjovitig    (Chapter   IV): 
1897.     Keller.     Inaug.  Diss.    Zurich. 

Toxicology  (  Chapter  V ) : 

1902.  Sollmann.     Coffee  and  Tea  as  Antidotes.    J.  Med.  Res.^  7'•4^■ 

1904.  Sollmann.     Antagonism.     Am.  J.   Phys.,   loi^s^, 

1905.  HefTtcr  (Excretion  of  organic  substances).    Erg.  IV.  J.   1 :  1S4 
(Crit-   Bibl). 

Strychnin    (Chapter  VHI)  : 

1900.  Baglioni.     Arch.   f.   Phys    Suppl..    :  152. 

1903.  Gies  and   Meltzcr     Am.   J.   Ph.,  9:  i. 

189^.     Gumprecht   (Tetanus  and  older  literature).     Pf.  59:131. 
Caff^H   (Chapter  VIH): 
Diuresis  ' 

1886  &    1887.     V.   Schroedcr.     Schm.,  22:39;    (^;8s). 

1887  Phillips  and   Bradford.     J    Ph.,  8:117. 

1894.  Raphael.     Dorp.  Arb,,  10:81. 

1895.  V.  Sobieranski.     Schm.,    35:144. 

1901.  Anten.     Arch.  int.  Phar.,  8:455. 
1901.  Impens  (Agurin).    lb.,  g:  i. 

Heart: 
1901.     Cushny  and  Naten.    /fr„9:l69. 

Xfuscular  li'orb: 
1899.     Schumburg.     ,\rch.   f   Phys.   Suppl,    :  289. 
Picrotorin    (Chapter    VIII): 

1899.  Guinard  and  Dumarcst.    Arch.  int.  Phar.,  6:283  and  403. 
Morphin   (Chapter   IX): 

1900.  Faust    (Habituation).     Schm.,  44:217. 
1899.  Impens    (Heroin,  etc).     Pf,  78:527. 

1901.  Bashford    (Atropin   antagonism).     Arch.  int.   Fhar..  8:311. 
1901.  Reichert.     (Atropin   antagonism).     Thcr.  Monthly.  May 

1903.     Schneidcrlin    (Morphm-Scopolamin    .^nc4theMa)      Munch,    Med. 

Worh..   March  3. 
1903.    Jacquet  (Gaseous  Melaholism).     Crit.   Bibl.     Erg.,  II  J.,  1 : 4.S7. 

1899.  Dixon   (Anhalonium).     J.   Ph.,  25 :  69. 

Dc  Quincy     The  Confessions  of  an  Opium  Eater. 
Cocain  (Chapter  X). 
1880.     T,   Anrcp.     Pf..  21:38. 
iq04-     Dixon.     J    Ph..  32   87. 

1900.  Bier  (Spinal)      Mnench.  Med   Woch.,  Nov.  21. 
1903,     Loewy  and  Mueller  (Vohimhin).    /fc..  No.  15. 


^^^^1 

^^^^^^^^H 

^^^^^V                  Airopin.           (Chapters  XI  and  XII):                         ^^^^^^| 

General:                                                                                  ^^^^H 

L>              1898. 

Schulz   (Eye).     Arch.  f.  Phys.,   :  53-                                 ^^^H 
Bayliss  and  Starling  (Intestine).     J.  Ph.,  26:125.           ^^^H 

B^HL                         1901. 

^^^P 

Magnus   (Intestine).     Pf.,   108;  J.                                                ^H 

^T                      igo5. 

Otl  (Intestine).     J,   A.  M.  A.,  44:1919.                                       ^ 

1903 

Cannon   (Intestine).     /6..  40:  749- 

190  J. 

Dixon  and  Brodis  (Bronchial  Nluscle)      J.  Ph,  19  97 
Dixon  and   Brodic   (Pathol.   Asthma).    Trans,    Path    Soc.,  :54- 

190J. 

1900. 
J899. 

Mathews,  A.   P.    (Atropin.  Saliva).     Am.  J    Ph.,  4-.482 

Lewin  (Atropin,  Resistance).     Dcui.  Med.  Woch,.  25:37. 

1903 

Cushny   (Atropin  and  Hyoscyamin)      J.   Ph..  30:176. 

1900. 

Jowett  imd  M;4r5haU  ( Pilocarpin ).     Brit.  Med.  J..  Oct. 
CI.   Berrfard   (Curare).     Compt.   Rend..  31:533. 

1850. 

1856. 

CI.    Bernard    (Curare).     lb..  43:8^5- 

i8q4- 

Hochm   (Curare).     Schm.,  35:16, 

1901. 

Rothhcrger  (C•.Irare^     Pf.,  87:  117, 

1893. 

Cushny    (GcUcmin).     Schm.,   31:49. 

1895 

Cushny  and   Matthews   (Spartein).     lb..  35129. 

1869. 

Schmiedeberg  and  Koppe  (Muscarin).     Lcip/ig 

^ 1901. 

Carter  (Poisonous  Mushrooms).     Am.  J.   Ph..  5:1381 

W^m                  1890. 

Langley  (Nicotin).    J    Ph.   11:123  (11:509). 

^^H                    1890. 

Langley  and  Dickinson   (Nicotin  literature)      J    Ph.,  ti;l6s 

^^H                             I90t. 

Habermann    (Tolracco-smoke).     H.-S..  33:55. 

^^m                   1864. 

Frascr   (  Physo^tigmin).     Edinb.  Med.  J..  9^36- 

Ilaniack   and   VViikowski    (Physosligmin).     Schin.,  5:40»- 

^K              '^^ 

Dixon  (Apocodcin).    J.  Ph..  30:97. 

Heart: 

^M              1R9R. 

Hcdhom.     Sk.,  9:  1. 

^M                      1895. 

Langtndorff.     Pf.,  61 :  292. 

^M                 1898. 

Bock.   Schm.,  41 ;  158, 

^B                    1899- 

Cleghorn.     Am.  J.  Ph.,  2 :  273- 
Pickering   (Embryonal  Chick)     J    Ph..   14:383. 
Fessefs: 
Bradford  and  Dean.    J.   Ph..  16:34. 

^1                    1893- 

^B                1804- 

^M                 1896. 

Paldrock.     Dorp.   Arb.,   13:1. 

^H                   189Q 

Pick.     Schm..  4^:4^6. 

^1                               Sut 

'rarenat   ( (Thapler  XII): 

^M 

Oliver   and   Schaefer.    J    Ph..   18:23a 

^H                            igoi. 

Lingley.     J.  Ph.,  27:237. 

^^M                               IQOI. 

Taknmine.     Am.  J.  Phar,  63:523. 

^H                    1904 

Brodic  and  Dixon.    J    Ph..  30:476. 

^H                 1905 

Meltzer  and   Auer.     J.   Ejcp.   Med.,  7:1. 

^H                     1903. 

Elliott.  J.   Ph.  3-J   40^ 

^H                                    Thyroid    (Chapter  Xtl )  :                                                                                  | 

^H                 1Q03 

Oswald  (Critical  Hibliogranhy).    B,  C.  i  :  24«>                            1 

^M                                   FhlorrUizin   (Qiapter  Ml):                                                                             | 

^H                              '903. 

Paw,  Brodie  and  Sian.     J,   Ph.,  29:467                                             1 

^M                                 Emetics  (Chanter  XIV):                                                                            I 

^H                      1886. 

Schutz   (Excised  Stomach).     Schm..  21 :  341- 

^1                      1003. 

Magmis  (Crit.  BibI  ).     Erg..  11  J,  1:637. 

^H 

Harnack   (Apomorphin).     Schm,.  2:254. 

^H                      1901. 

Paul   and   Cnwnley.     Am.  J     Phar.,  73- 

^H                     1902 

Lowtn.     .Arch.   int.  Pharm.,  11:9 

^H                                  AconiU.  ftc.    (Chapter  XV)  ;                                                                     | 

^1                              1897 

S.  A.  Matthews  (Aconite),     J.   Exp    Med..  2   5913. 
Bottaxzi   (Veratrin),     Arch.  J.   Phys..    :  377. 

^H                         ipoi. 
^H                        1890. 

Jacohj    (Colchicum).    Schm,  27->'9 
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Quinin  (Chapter  XVI): 
i8m.    Binz:    Wesen  der  Chinin  wJrkung.    Berlin. 
187^  1876,   1877.     Binz.     Schm.,  i:i8:  5:39;  7:275- 

Coal  Tar  Derivatives  (Chapter  XVII): 

1904.  Loew!  (Crit.  Bibl.  Temperature).     Erg.,  Ill  J.,  1:332. 
189a     Gottlieb    (Antipyr.  Action).     Schm.,  26:419. 

1900.  Baglioni   (Carbolic  Convulsion).    Arch.  f.  Phys.  Suppl.,   :  193. 
1899.     Dreser  (Aspirin).     Pf.,  76:306. 

1897.  Benedicenti   (Methemoglobin).     Arch.   f.  Phys.,    :  210. 
Toxins  and  Antitoxins  (Chapter  XVIII)  : 

(See  Reference  Books.) 

Washboum.     Article  on  Serum-Therapy  in  White's  Textbook, 

pp.  770  to  817. 
V.  Fuerth.     Poisons   of  invertebrates   in   Vergl.   Chcm.,   pp.   ^04 

to  368. 

1905.  Michaelis  (Crit.  Bibl.  Precipitins).     B.  C,  3:693- 

1903.  Meyer  and  Ransom  (Tetanus  Toxin).     Schm.,  49:369. 
1899.     Roily  (Diphtheria  Toxin  on  Heart).     Schm.,  42:283. 

Hydrocarbon  Narcotics  (Chapter  XIX): 
General: 

1901.  Overton.     Studien  uber  die  Narkose.     Jena. 
1899.     Meyer.     Schm..  42 :  109 ;  46 :  338. 

1904.  Abderhalden.     Bibliographie  iib.  d.  Alkohol.     Berlin.     (504  p.) 
Classified  Titles: 

1904.     Sollmann  (Critical  Bibliography  Anesthetics).    Am.  Med., 8:455. 

Alcohol: 
1887.     Bunge.     Die  Alkoholfragc.     Leipzig. 

1898.  Baer  (Relative  Toxicity).     Arch.  f.   Phys.,    :  287. 

1902.  Hunt   (Methyl  Alcohol).     J.  H.  H.  Bull..   13:213. 

1898.  Chittenden,  Mendel  and  Jackson  (on  Digestion).     Am.  J.   Ph., 

1 :  164. 
1003.    Rosemann  C Food-value).     Pf,  100:348. 
1892.     Kraepelin.     Ueb.  d.   Beerinfl.  einiger  psych,  Vorgange  d.  einige 

Arzneimittel.    Jena. 

1899.  Wendelstadt   < Respiration).     Pf..  76:223. 
1904.     Hellsten   (Muscular  Work).     Sk.,  16:139. 

Anesthetics: 
1875.     C-  Bernard.     Lemons  sur  les  Anesthetique>.     Paris, 
1891.     Report  of  the   Hyderal*ad  Commission.     Bombay. 

1903.  Report  of  Chloroform  Commission,     Suppl.  Firit.  Med.  J, 

1894.  Spenzer   CD<Jsage  of  Eth-r).     Schm.,  33:407. 

1895.  Ro«enfeId   f Dosage  of  Chloroform).    lb..  37:54. 
1890.     Dastre.     Les  Ancsihetiques,     Paris. 

Hypnotics: 
1868.     Liebreich.     Da*  Chloral:    Ein  neue=   Hypnotir-m      1868 
1901.     Impens    (Chloroform- Acetone  1.     Arch,    int     Phar.   H.yj. 
Gases  f Chapter  XX): 

1903.  Hill  and  Mac1e«-*d  ^\tmo*ph.  Pre^s'-irt  >.     J.  Hyg.  3:401. 

1900.  Haldane    iCOi.     J.    Ph..  25:225. 
19M.     Vahlen   tlV.r.rr.    Ga*  1      Schrr: ,  49:24s 

Camphor  (Chapter  XXI »: 
1905.     Seligmann    ( C'lrc-.i'.^x-.or.  1 .     Schm,.   52-. »"^ 

Hydrocyanic  Acid: 
1889-     Gtppert.    Zt^ch.   f    K'.ir.    Med.  15:208  ar.d   v>7 

He>Tnan5   ar.d    Ma-c:-..     Sitri;*:-    A.'Th    r-.t.    Pr.arm.   3:77.  359: 
7:297:  8:1 

1904.  Hunt.  N:tr:!e5.     Jr.  12:447. 


984 


APPENDIX. 


Digitalis   (Chapter  XXII>: 
1880.     Williams.     Schm ,   ij:l 
1897.     Cushny.     J.   Exp.   Med..  2:2^3, 
1899.     Cushny.     J.  Pli.  ^5:49. 
1901.     Gottheb  and   Mawnus.     Schm..  47:  135. 
19OJ.     Gotllieh  .ind  Magnus,     lb.,  51:30. 

Brgot  (Chapter  XXIII): 
1884.     Kobcrt.     Schm..  18:316. 

i8gi, '92  & '95.     Griinfcld.     Dorp.  Arh.,  7:108;  8:115;   l*:^- 
1897.    Jacobj.    Schm..  .19:8s 
190*;.     Sollmann  and  Brown.     J.  A.  M.  A..  45:  July  22 

Gelatin   Injection  : 
1905.    Bass.    Cenlbl,  f.  Grenzgeb.  d.  Med.  Chir.    7»  Nos.  21  and  ii 

Sa/*otoxin: 
1887.     KobcrL     Sclim..  23 :  233. 

1904.  Kobert.     Saponinsubstanzcn.     Stuttgart.     (112    p.) 
1899     Stewart.   G.    N.  J.    Ph..  24211. 
190J      Stewart.  G.  N.  J.  Exp.  Med..  6:257. 
1901.     Ransom.     Dcut.  Med    W^och.,   :  194. 

Salt  Actions  (Oiaptcrs  XXIV  and  XXV): 
1902-1904.     Hamburger,     (Sec  Reference  Books). 

1905.  Aron    Colloid   solutions    (Crit.    Bihl.)    B,   C.  3:461,  501;  4: 5"^ 

553. 


1873.     Bunge.     Z.  B.,  9^104. 


,.  &  1884.     Hay.     J.  Phys.  and  Anat..  16  and   17. 
1896.     Bosc  and   Vcdel    (Massive   Injections).     Arch,  dc  Phyl.,  SiMT- 
1898.     Wallace  and  Cushny.     Am.  J.  Ph.,  1:41 1. 

1898.  Miin/er     Schm,  4!:  74. 

1899.  Siraub.    G.   B..  3^:537. 

1900.  Magnus.     Schm.,   44:68. 

1901.  Sollmann      Schm.,  46:  i. 

1902.  Cushny.     J.  P.,  27:429;  28:431. 
t903&i905.     Sollmann.     .^m.  J.    Ph.,  9:425;   13:341-303. 

Ion  Actions  (Chapter  XXV): 
General: 
1873.     Forsier    (Chlorid  Excretion).     Z.   B.,  9:279, 
1898.     Howell    (Heart).     Am.  J.  Ph..  i.Aj. 
1901.     Locke    (Solmion).     Cbl.   Ph.,   14:020. 

1903.  Loch,  J.     Am.  J.  Ph.,  6:410. 
1903.     McCalhtm.   J.    B.    (Peristalsis).     Calif.    Physiol..  1:115. 
1903.     Widal    and    Javal    (CI.    Retention).     Prcssc   Med..   No.  5»- 
1003.     Pauli.     Miinch.    Med.    W^och ,   No.  4. 

1903.     Hcfftcr   (Crit.   Bihl    Excretion).     Erg.,  TI   J.,  i'.^ 

1903.  Hober   (Crit.  Bihl,   Colloids).     B.  C.  1:407- 

IQ03.     Matthews  (Diuretic  Solmion).    J.  A.  M.  A.,  41 ;  566  and  616 

1904.  M.ithews.  A.   P.   (Solution  Tension).     Am.  J    PJi ,  ii:4S5' 

1905.  Mathews.  A.   P.    (Antitoxic  Action).     !b..  12:419- 
1905.     Macallmn.  A,   B.    (K.  in  cells).     J    Ph.,  32:95 

1903     Tnppeiner  and  Jcsionek   (Fluorcsccncf ).     Munch.   Med-  nw* 

No.  47. 
1905     Michaclis  (Fluorescence.  Crit  Bibl)  B.  C   4'  I73 

Specific  Ions: 
1886&1887.     Marchand    (Chlorates).     Schm.,  22:201;   23:273. 

1900.  Formanek    (Ammrinium).     Arch.  int.  Pharm.,  7:22^ 

1901.  Stockman  and  Charteris  flodid).     Brit.  Med    J.  Nov.  i\ 

1904.  Wiley  (Boric  Acid).    Bur.  (Them.  Circuhir  No.   r3,  U.  S>  l>K 

Agr. 

1905.  Ro!;t    (Boric  acid.  Crit.   Bihl.)   Arch,  int   Pharm,   t^rJ^l 
1901.    Vietinghoff-Scheel    (Oxalate).     Arch,  int   PhaniL.  8: 2aS«-j 
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rSfJS.     Ringer  (Calcium.  Heart).     J.   Ph..   18:435, 
1901.     Sabbatani    (Calcium)    Arch,    it.,  36:416. 
Acids  and  AtkatUs   (Chapter   XXVI I  : 

1879.  Walter    (Acid    Poisoning).     Schm.,  7:148. 
J899.     Magnus-Levi    (Diabetic  Coma).     Schm..  42:  149. 

J890.     Stadelmann.      L'eb.    d.    Einfl.    d.    Alkalien   aitf   d.    Stoflfwcchscl. 
Stuttgart. 
Metals    (Chapter   XXVII): 
1874.     Boehm  and   Unicrbergcr  (As.).     Schm..  at 89. 

1898.  Stockman   and    Greig    (As.   on    Bone-marrow).     J.   Ph.,   23:376. 

1899.  Magnus   (As.  on   (Capillaries).     Schm.  42:^65. 
1901.     Hentcr    i  Cacodyl ) .     Schm.,  46 :  230. 

1002.    de  Busschler  (As.  Antidote).     Arch.  int.   Pharm.,   10:415. 
iSw-     Macallum   (Iron).    J.   Ph..   16:268. 

1896.  Hall    (Iron).     Arch.   f.    Phvs..    :  49. 
1858.     V.  Bunge   (Iron).     H.-S.,  25:36. 
J900.     .\bdcrhalden    (Iron).     Z.    B.,   39:  193. 

1903 &  1904.     Tartakow^ki    (Iron).     Pf.,    100:586:    101:423. 
190*4.     Moore  (Copper  Purif.  of  Water).    Am.  J.  Phar.,  76:553;  also 
critical    discussion.    Science,    21 :  603,    1905. 

1878.  Hamack   (Lead).     Schm.,  9:  152. 

1886.    Jendrassik  (Calomel  Diuresis).     Deut.  Arch.  Klin.  Med.,38:499. 

1872.     Wegner   (P.).     Virch.,  55:11. 

1894.     M'jcnzcr   (P).     Deut.   .Arch.   Klin.  Med.,  52:199. 

1900.  Jacobj    (P.).     H.-S.,   10:174- 
I'olotile  Oils   (Chapter   XXIX): 

1901.  Winternitz    (Antiseptic)      Schm.,  45:  163. 

1903.  d'Ormea   (Cerebral   Circulation).     .\rch.  it.,  40:141. 

1904.  Kionka    (Valerian).    Arch.   int.   Pharm.,   13:215. 
Ivy   Foisoning: 

1897.  Pfaff.    J.  Exp.  Med.,  2:  181. 
CoHtltariditt : 

1885.     Mursct.     Schm..   19:310. 
1500.     Ellinger.     Schm.,  45 :  89. 

1903.  V.  Fucnh.     Vcrgl.  (Jhtm..  pp.   35-2  lo  368. 
Nephritic  Drugs: 

1504.     Sollmann   (Critical   Bibl).    J.  A.  M.  A.,  43:1591. 

Stomachics  (Chapter  XXX)  : 
l8yo.     Penzoldt    (Orexin).     Ther.  Monatsh.,   :  59. 
1893.     Brand!.     Z.   B..  29:277. 

1904.  Borisoff.     Schm ,  51 :  362. 
Cathartics: 

1880.  Brand!   and  Tappeiner.     Schm.,   26:177. 

1903.  Magnus.     Erg.    II    J     11:637. 
ChoiaROgucs: 

1879.  Rutherford.     Trans.  Rov    Snc  .  Edinb,,  29:  133. 
J897     Pfaff  and  Balch.    J.  Exp.   Med.,  2:49. 

i(j04.     Levene,  Melvin  and   Michailkowski.    Science,   May, 

AHihclmintics: 
1895  &  i8gG.     Boehm    (Aspidium).      Schm..  35:1;   38:35. 

1904.  Jaquct    (Aspidium)      Ther.    M"nalsh. 

1884-     V.  Schroeder   (Granatum).     Schm..  18:381;  19:290, 
1885.     V,  Schroeder   (Santonin),     Schm.,  19:304. 
1900.     Filchnc   (Santonin).     Pf,  80:96. 

DL-mutccnts   (Chapter  XXXI): 
1892.     Brandl,    Z,   B..  29:277- 

1902.  V.  Tappeiner.    Arch.   inl.   Pharm..   10:67. 
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APPENDIX   D, 

AvEKACE  Doses,   as   Given   by   the   U.   S.    Pharmacopceia,   ErcHTH 
Decennial   Revision.* 

Th«e  doses  are  given  by  the  Pharmacopeia  merely  for  guidnnce.  and 
arc   in  no  sense  compulsory. 


pREPAHATIOlf. 


milidum    

Acetphcnetidinum    

.Aceium  Opii 

.Acetum  Scill:c    

Acidimi  Aceticum    Dilutum    

Acidiim  Benzoicum  

Aci'Jnm  Boricum    

Acidnm  Camphoricum    

Acidum  Citricnm    

Acidum  Gallicwn^ 

Acidum  Hj'driodicum   Dilutum    .. 

Acidnm  Hydrohromirnm   Dilmum 

Acidum  Hydrochloricum   Dilutum 

Acidum  Hydrocyanicum    Dilutum 

Acidum  Hypophosphorosuni  Di- 
lutum    

Acidum  Lacticum    

Acidum  Nilricum  Dilutum 

Acidum  Niirohydrochloricum     . . . 

Acidum  Nitn)hydrochIoricum  Di- 
lutum    

Acidnm  Phosphoricum  Dilutum   . 

Acidum  Salicylicnm    

Acidum  Snlphiiricum  .Aromaticum 

Acidnm  Snlpluirictim  Dihittim  ... 

Acidum  Sulphnrosum   

Acidum  Tannicum   

Acidum  Tartaricum    

Aconitina    


AvTKAGE  Dope. 

Apprr^ximatc 

Equivalent 

Metric  System.* 

Ordinary 

System. 

0.J50  Cm. 

4  grains. 

0.500  Cm. 

7'/^  grains. 

0.5  Cc. 

8  minims. 

1  Cc. 

15  mmims. 

2  Cc. 

30  minims. 

0.500  Cm. 

7^^  gr;uns. 

0.500  Gm. 

jVi  grains. 

I  Gm. 

15  grams. 

0.500  Gm. 

7'^  grains. 

I  Gm. 

15  grams. 

0.5  Cc. 

8  minims. 

4Cc. 

1  fluidraclim. 

I  Cc. 

l^  minims. 

0.1  Cc. 

i.M  minims. 

OS  Cc. 

8  minims. 

2  Cc. 

.V3  minims. 

2  Cc. 

.W  minims. 

0.2  Cc. 

3  minims. 

I  Cc. 

15  minims. 

2  Cc. 

30  mmims. 

0.5C0  Gm. 

7^/j  grains. 

I  Cc. 

15  mtnims. 

2  Cc. 

JO  mmims. 

2  Cc. 

,^0  minims. 

0.500  Gm. 

7^;.  grains. 

0.500  Gm. 

7'i  grams. 

0.15  milligramme 

•/«»  grain. 

'  Compiled  hy  Reid  Hum  and  Mottcr,  in  Bull.  23,  Hygienic  Labora- 
tory. U.  S.   Pnhlic  Health  and  Marine  Hospital  Service. 

'Doses  of  o,ojo  Gm.  and  al>ove  are  given  as  grams;  below,  as  mini- 
grams. 

lOII 


I012 


APPENDIX, 


Average   Doses,    as   Given    dy    the   U 
Decennial   Revision.—  Continued. 


S.     PHA«MACOP<riA,     ElCHTIt 


PKEPMUTIOK. 


AVERAdF.    rViSf. 


Metric  System. 


Aconitnm    

wlilthcr    

ilSthcr  Aceticus 

itthylis  Carhamas  

Aloe    

Aloe   Purificala   

Alointim 

Alumcn   

Animonii  Bcnzoas    

Ammonii  Bromidum    

Ammonii  Carlwaas    . . 

Ammonii  Chlnridiim 

Ammonii  Indicium    

Ammonii  Salicylas    

Ammonii  V';ilcni5    * 

Amyli*  Niiris 

Anisimi 

Anthcmis    

.'\ntininnii  t-t   potassit  Tarlras.... 

\  Kxprctorani 

.  i  Emetic 

Antiinrina     , 

Apocyniiin    

Apomorphinx  Hydrochloridum  . . 

\  Expectorant 

i  Emetic 

Aqua  Ammoni.Te    

Aqua  .-\mygdalx  Amarz 

Aq»ta  Anisi   -,,. 

Aqua  Aurantii  Flormn 

Aqua  Aurantii  Flortim  Fortior 

Aqua  Campliora;    

Aqua  Clilornformi    

Aqua  Cinnamomi    ............ 

Aqua  Crcosoti    , 

Aqua  Fa'niculi 

Aqua  Haniamelidis    

Aqua  HydrnRcnii  Dioxidi   . 

Aqua  Months    Pipcritac   

Aqua  Mciuhic  Viridis   . 

Aqua  Rosar 

Aqua  Romp  Fortior 

Arffcnli  Nilras     

Arfcnili  Oxidum   , 

Arnica , 


0.065  Gm. 
I  Cc. 
I  Cc. 
I  Gm. 
0.350  Gm. 
0.250  Gm. 
0.065  Gm. 
0.500  Gm. 
I  Gm. 
1  Gm. 
0.250  Gm. 
0.500  Gm. 
0.250  Gm. 
0.250  Gm. 
0.500  Gm 
0.2  Cc. 
0.500  Gm. 
2  Gm. 

5  milligramm*' 
30  milliRr.immc: 
0.250  Gm 
1  Cm. 


3 
1 

4 
lb 
16 

H 

16 
if» 

8 

16 

8 

4 
16 
t6 

» 

10 

0.065 

I 


milligramme  5. 

milligrammes. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

Cc. 

milligramme- 

Gm. 

Gm. 


Aj. 

I' 


\.  'rmiKirv 
Svsieni 


I  graui 
15  minimi, 
IS  mmim«. 
15  graim 
4  Krsins 
4  grain* 
I  grain 
I"!  gratns. 
15  grains. 
15  gram*. 
grains. 
grain*. 
gram*^ 
gratiK. 
graiov 
minimi 
grain*. 
grainjL 


4 

4 
4 

3 


4  nf  j>n*^ 
15  gratn% 

V-  grain. 
Vw  gratiL 
15  minima. 

!    flui<Ir<(i:l'ru 

4     ■  '-^ 

4  '■ 


4  *■ 

.1  "* 

n 
I    griim 

15  fcnim 


i 


APPENDIX. 


IOI3 


Average  Doses,   as  Given   by   the   U.   S.   Pharmacopeia,   Eighth 
Decennial   Revision. —  Continued, 


PREPARATIOH. 


Arseni  lodidum    •.. 

Arscni  Trioxitliim    ,. 

Asafietida    

A«pidiuin    

Airopina    

AtropiiiiT   Sulphas 

Aurantii  Amari   Cortex    

Aiirantii  nulci-^  Cortex 

Anri  el  Sodii  Chloridum 

Halsamum    Pcruvianiim    

Balsamitm   Tnlutanum    

Belladonna;  Folia   

Belladonna    Radix    

Bcnzaldcliydtim   

Bcnroiniim    

Bt^n7:(<^nlphiniduni    

I'crlicris 

Rctanaphthol    

Bi^^miithi  Citra"?    

Bi^nnubi  et  Ammonii  Citras 

Hi'^miithi  SnlKarlMjuas    

Ui>niuilit  SiiltKallas    

Bi-nmlhi  Snhnitr'S    

Bismuthi  Siib^alicylas   

Bromoformiim  

Buchu 

Caffcina   

C^ffeina  Gtrata    

Cnffeina  Citrala  Effcrvcsccns 

Calamus    

Calcii   nrnmidnm    

Calcii  Carbiinas   Pncipilatns 

Calcii  Oiloridum    

Calcii   H ypopliosphis 

Calcii   Pho^iphas    F'raecipitaliis 

Calendula    

Cahimlia    , 

Calx   Chlorinata    

Calx    Sulpluirata    

CamiHjgia 

Camphora    

Campliora   Monobromata   

Cannabis   Indica   

Cantharis    

Capsicum    - . 


Average  Dose. 


Metric  System. 


5 

2 

0.250 

4 

0.4 

0.4 

I 

I 

5 

I 

I 

0.065 

0.045 

0.03 

I 

O.JOO 

2 
0.250 

O.IJ5 

o.  I  >5 

0.500 

0.250 

0.500 

0.150 

0.2 

2 

0.065 

o.  125 

4 

I 

I 

0.500 
0.500 

I 
1 

2 
0.250 
0.065 

o.  125 

0.125 

o.  125 
0.065 
0.030 
0.065 


milligrammes, 

milJigrammes. 

Gm. 

Gm. 

milligramme. 

milligramme, 

Gm. 

Gm. 

milligrammes 

Gm. 

Gm. 

Gm. 

Gm. 

Cc. 

Gm, 

Gni. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Cc. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Cm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 


Approximate 

Equivalent 

Ordinary 

Svstcm. 


Vi,  grain. 
Vw  grain. 

4  grains. 

60  grains. 
Vi«  grain. 
Vi«i  grain. 

15  grains. 

15  grains. 
'/«!>  grain. 

15  grains. 

15  grains. 
I  grain. 

Va  grain. 

Vz  minim. 

15  grains. 

3  grains. 
30  grains. 

4  grain*. 

2  grains. 

3  grains. 
I'A  grains. 

4  grains. 
7'/2  grains. 

4  grains. 

3  minims. 
30  grains. 

1  grain, 

2  grains. 
60  grains. 
15  grains. 
15  grains. 
15  grains. 

"jVi  grains. 
7'/j  grains. 

15  grains. 

15  grains. 

30  grains. 

4  grains. 

1  grain. 

2  grains. 
■2  grains. 
2  grains. 
I  grnin. 

V2  grain, 
I  grain. 


IOI4 


APPENDIX. 


Average  Doses,    as   Given    by   the   U.    S.   Pharmacopceia,    Eights 
Dsi-ENNtAL   Revision. —  Continued. 


Preparation. 


Carbo    Ligni 

Cardamoinum   * . . 

Cartim 

Caryciphyllits 

Cassia   Fistula   

Cerii   Oxalas    

Chjmaphila 

Cliirala     

Chloralformamidiim     

Chloraluni  Hydralum    ... 

Clilornformiiin   

Choiulnis  In  decoction 

Cbry.sarobiniiin ., 

Cimicif uga   

Cinchona 

Cinchona  Rubra   

CinchoniHinap   Sulp^has    

Cinchonina'    Sulphas    

Cinnaldcliydnm     

Cinnamomiim  Saigonicum  

Cinnamomimi   Zcylanicum  

C«xa     

Cr>caina   

Cocain.T  Hydrochloridum   

Codeina   

Codeinae  Phosphas 

Cndcin;t   Sulphas 

Colchici  Cormus 

Colchici    Semen 

Colchicina    

Colocynthis 

Crtnfectio  Senna   

Coniuni    

Convallaria     

Copaiba    

Coriandnim   ,.».*... 

Creosotnm , 

Crcso!    

Crcia  Prseparala 

Cnbeba   

Cupri  Sulphas   ■..{Emetilf*"^ 

Cusso   , 

Cypripcdium    

Digilalii^    .  , 

Elatcrinuni   


Average  Dose. 


Metric  System. 


1  Gm. 

I  Gm. 

1  Gm. 
0.J50  dm, 

4  Gm. 
0.065  Gm. 

2  Gm. 
I  Gm. 
I  Gm. 
I  Gm. 

0.3  Cc, 

15  Gm. 
o.ojo  Gm. 

I  Gra. 

1  Gm. 
t  Gm. 

0.J50  Gm. 

0.250  Gm. 

COS  Cc. 
0.250  Gm. 
o  250  Gm. 

2  Gm. 
o.oy)  Gm. 
o.o.vj  dm. 
0.0,^  Gm. 
0.030  Gm. 
o.o.w  Gm. 
0.250  Gm. 
o.joo  Gm. 

0-5  millip-aratnc. 
0.065  Gm. 
A  Gm, 
o.joo  Gm. 
o-soo  Gm. 
I  Cc. 
0.500  Gm. 
0.2  Cc. 
0.05  Cc. 
I  Gm, 
I  Gm. 
10  milligrammes, 
0.250  Gm. 

16  Gm. 
I  Gm. 

0.065  *^n* 

5  milligrammes 


Appro.ximatr 

E')iiivalcnl 

Ordinary 

Sysicm. 

15  grains 

15  gramv 

15  gram*. 

4  grams 

60  grains. 

1  gram. 

30  grams 

15  grams. 

15  grams 

15  gram* 

5  mmimt^ 

4  drachms. 

Vi   H'-nn 

15  ^;- '■■  ■ 

15  K- 1 1 • 

15  p     ■ 

4  K'  ■  ■ 

4  K 

r  t! 

4  K 

4  L- 

.*>  i^- 

>i  :^ 

'/*  y 

4  l; 
/»»  w 

I     V 
Co    L 

7!'j  tframik 

5  mtnimj 

»•;  ur 

AM'        ■ 

5  K*"'.i 

t  Knur. 

'    fc,  grain 


APPENDIX. 


lOI 


Average  Doses,   as   Given    dv   the   I', 
Decennial   Revision. —  Continued. 


S.     PlIABMACOPlEtA.     ElCHTH 


pREPARAnON. 


Elixir  Fcrri.  Quininw,  ct  Strych- 
nini«    Pluispliaium 

Einulsuin  Ainygtial.T   

Emiilsiim  AsafiTliibr    

Emuhtim  Clilorofnrmi    

Emulsiim  OIci   Morrhuac   

Eniiil?um  OIci  M«>rrhux  cum  Hy- 
pophnsplnlil)U5i 

Emulsum  Olei  Tcrcbiiitliin* 

Ergota    

Eriodictyon  

Eucalyptol     

Eucalyptus  

Eugcnol 

Etionymus   

EiipatDriuni    

Exiracunii   Aloes    

Fxiractiim  Relladonnxe  Foliorum 

Extractum  Cannahis  Indicar  

EKlracUim  Cimicifiiga    

Extractum  Colchici  Cormi    

Extractum  Colocynthidis     

Exlraclum  Colocynthidis  Q'm- 
positum   

Extracttim  Digitalis 

Extractum  Erwotsr     

Extntclum  Euonymi    

Exiractum  Gcntianx    

Extractum  Glycyrrhiza 

Exi  factum  Glycyrrhizx    Purum    . 

Extractum  Haematoxyli 

Extractum  Hyoscyami   

Extractum  Kramcrisr    

Extractum  Lcplandrx 

Exiractum  Malti   

Extractum  Mucis  Vomica: 

ExtracUnn  Opii     

Exiractum  Physnstigmatis     

Extractum  Quas&iac   

Extractum  Rhamni  Purshiaiiz  .  ■ . 

Extractum  Rhci    

Extractum  Scnpol.T  

Extractum  Stramonii    , . . . 

Extractum  Sumbul    

Extractum  Taraxaci 


AV£R.\C£  Do&E. 


Metric  System. 


4  Cc. 
1 20  Cc. 
16  Cc. 
8  Cc. 
8  Cc. 

8  Cc. 
4Cc. 
2  Gm. 

1  Gm. 
0.3  Cc. 

2  Gm. 
0.2  Cc. 

0.500  Gm. 

2  Gm. 

o.  125  Gm. 

TO  milligrammes. 

10  milligrammes. 
0.250  Gm. 
0.065  Gm. 
0.030  Gm. 


0.500 

10 

0.250 

o.  125 

0.250 

t 

I 

t 

0.065 

0.500 

0.250 
16 
15 

0.030 

8 
0.065 
0.250 
0.250 
10 
10 
0.250 


Gm. 

milligrammes. 

Gm. 

Gm. 

Gm. 

Gm. 

Cm. 

Gm. 

Gm. 

Gm. 

Gm. 

Cc. 

milligrammes. 

Gm. 

milligrammes. 

Gm. 

Gm. 

Gm. 

milligrammes. 

milligrammes. 

Gm. 

Gm. 


.Approximate 
Equivalent 
Ordinary- 
System. 


lluidrachm. 
fluidounces. 
fluidrac)imi« 
fltudraduns 
fluidraclims. 


2  tluidrachnis 

1  tlnidrachm. 
yy  grains. 

15  grain*. 
5  mmims. 
30  grains. 

3  minims. 
7'4  grains, 

.10  grains, 

2  grains, 
l-i  grain, 
.'■i  grain- 

4  grains. 

1  grain. 
Vi  grain. 

7.V4  irrains. 
Vi  grain. 
4  grains. 

2  grains. 
4  grain*. 

15  grains. 
15  grains. 
15  grains. 
I  grain. 
7!-^  grains. 
4  grains. 
A  fluidrachms 
Vi  grain. 
%  grain, 
grain, 
grain. 
grains, 
grains. 
grain, 
grain, 
grains. 


% 

X 

4 

,t 

4 


15  grams 


^^^^P         1016                                                                ^^^^^^^^M 

^^^^H          AvEKAGE   Dosses,  as   Given   by   the  U.   S.   Fhabmacop(£ia,   Eicbth 
^^^^^H              Decen.nial    Revision'. —  Continued. 

^^^^H                         Preparation. 

.^vaiAGt  DOSF 

Metric  System. 

Approximate 
Equivalent 
Ordinary 

System. 

^^^^^^^H                       I7»l       Rmri.^       I>ti*>ifif  n*i«»^ 

0.500  Gm. 
0.250  Gm. 
0.065  Gm. 
0.230  Gm, 
0.250  Gm. 
0  500  Gm. 
0  250  Gm. 
c  250  Gm. 
c.250  Gm. 
r  250  Gm. 
0.125  Gm. 

120  Cc. 
0.200  Gm. 
0.230  Gm. 
o.2,W)  Gm. 
0.200  Gm. 
0.125  Gm. 
0.200  Gm. 
0.063  Gm. 
0.05  Cc. 

!  Cc. 

t  Cc. 

1  Cc 

0.05  Cc 

2  Cc 
2  Cc. 

1  Cc 

2  Cc. 
0.05  Cc 
0.05  Cc. 

2  Cc 
I  Cc. 
1  Cc 

1  Cc 

2  Cc 
0.2  Cc 
0.2  Cc 
OS  Cc. 

I  Cc 

1  Cc 
0.0s  Cc. 

2  Cc. 

1  Cc 

2  Cc. 

"M  grains. 

4  grains. 

1  grain. 

4  grains 

4  grains. 
7^  gramt. 

4  grains. 

4  grains. 

4  grains. 

4  graini. 

2  grains. 

4  floidnioics. 

3  grains. 

4  grains. 
4  grams. 
3  grain*. 

2  grains. 

3  grains. 
1  gram. 

1  minim. 
15  minims. 
15  minims- 
15  minims.      ^^M 

I  minim        ^^ 

30  minims. 

30  minims. 

15  mmtffi& 

.V>  minims. 
t  minim. 
1  minim. 

.K>  minima. 

15  mintmt^ 

15  minims. 

15  minims. 

30  mtninift.      ^^m 
3  mtuHits.      ^^^H 
^  mtttinu.      ^^^H 
8  miniim.             1 

t5  unnnni.              M 

15  migimi:             1 
1   nOntUB.                  1 

30  minims.             ■ 

15  minims.            I 

10  miiniii&             ■ 

^^^^^B          Fcrri  Carbonas  Saccharatus  

^^^^^^^H 

^^^^^H          Fcrri  ct  Ammonii  Citras   

^^^^^H          Fcrri  ct  Ammonii  Sulphas 

^^^^^H          Fcrri  et  Ammonii  Tartras 

^^^^^1          Fcrri  ct  PotasMi  Tartras 

^^^^^^1           Fcrri  et   Qninina^   Ciirns    

^^^^^H          Ferri  et  Quinine  Ciiras  Solubili&. 

^^^^^H           Fcrri  ct  Stryclinii]»r  Citras    

^^^^^M           Fcrri   Hydroxidum  cum  Magncsii 
^^^^^m              Oxido.  .Arsenical    antidote 

^^^^^^H                    Vfirri     l-lfpriplwicpliit: 

^^^^H           Ferri  Phosphas  Solubilis    

^^^^H           Fcrri  Pyrophosphas  Solubilis  .... 

^^^^^1           Fcrri  Sulphas   Exsiccalns    

^^^^^H           ^crri  Sulphas  Gramilatus   

^^^^^B          Fcrrum  Reductum   

^^^^^^^H                   F<'1iii^^vlPif.f  iiit-i      Ap/\fyni 

^^^^^1           r'iiidexir.ictum  .\romaticum     .... 
^^^^^1           Miiidcxtractum  Aur.intii   Amari    . 
^^^^^m           FUiidcxtractum    Beltadonnx  Kad- 

^^^^^H           Fhtidcxiractum  Bcrbcridis   

^^^^^H                Fhiirlr>vfrartiini    Cni-.tnyi 

^^^^H           Fliiidextractum  Calumhae    

^^^^H           Fliiidextractum  Cannabis   Indice 

^^^^^           Fliiidextractum  Chimaphilae     

^^V                  FluitJextractum  CiinicifuRX    

^^H                   Flnidcxlractum  Cinchona    

^^H                  Flttidexlractum  Colchici   Scminis 
^^B                  Fluidcxtractum  Conii    

^^M                 Kluidextractum  Convqllari«    

^^H                  I'luide.xtractimi  Cuhclut    

^^M                 Fluidextractimi  Cvpripcdii    

^^B                  Fluidcxtractum  Digitalis 

^^H                  Miiidextractum  ErKOiic    

^H                   Fluidcxtractum  Eriodiclvi    

^^1                 Fluidcxtractum  Eucalypti    

1 
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iVFRAGE  Doses,   as   Given    nv    the   U. 
Decennial    Revision. —  Continued, 


S.     PHAIlMACOP<ElA,     ElcniU 


Average  Dose 

^^m         Pbeparation. 

Metric  System. 

Approximate 

Equivalent 

Ordinary 

System. 

FUiicIexiracium  Euonymi    

Fluidexlractimi  Eiipatorii    

Fltiidextractum  Frangnlsc    

FUiidexiractimi  Gclscmii    

FluiilcxtracUim  Genlian.-c    

Kliiidexiractnm  Geranii    

0.5  Cc. 

2  Cc 

I  Cc 

0.05  Cc. 

I  Cc. 

1  Cc 

2  Cc 
2  Cc 
2  Cc. 
2  Cc 

2  Cc. 

2  Cc. 

0.3  Cc 

I  Cc 

0.05  Cc 

1  Cc 

2  Cc 

T    Cc. 

0.5  Cc 
0.5  Cc 

4Cc 
0.05  Cc 

2  Cc 

1  Cc 
0.1  Cc 

2  Cc 
0.5  Cc 

2  Cc 
0.5  Cc 

I  Cc 
0.2  Cc 

1  Cc 

I  Cc 
I  Cc 

1  Cc 

2  Cc 
t  Cc 

0.3  Cc 

0.1  Cc 

2  Cc 

2  Cc 

0.1  Cc. 

0  oq  Cc 

8  minim*;. 
JO  minims, 
15  minims. 

I  minim. 
15  minims. 
t.5  minims. 
.10  minims. 
]n  minima 

Fluidexiractunt  Glycyrrhiz^c    

Fhiidtrxiracium  Granati        

Fliiidcxiraclum  Grindcli*    

FUndixtracriim  Gnaranic    - . . 

Fliiidextractum   Hamamelidis   Ko- 
Iicirum 

.10  minims. 
JO  minims. 

.JO  minims. 
JO  minims. 

J  minims, 
i.s  minims. 

1  minim. 
15  minims. 
JO  minims. 
i.S  minims. 

8  minim.s. 

8  minims. 

1  fluidrachm. 

I  minim. 

JO  minims. 

15  minims. 

I'v  minims. 

JO  minims. 

8  minims. 
JO  minims. 

8  minims. 
15  minims. 

J  minims. 

IS  minims, 
m  minims 

Fluidcxtracliim  Hydrastis     

Fliiidextractum  Hyoscyami   

Fliiidextractum   . .  \  Emetic    

Tpccactianhic  ..-1  Expectorant 

Fliiidextractum  Kramcrix    

Fl Miflexlracium'  I^itiit^ 

Fh'idcxtractiim  Leplandrx    

FIiii<lextractum  Ij^bclia; 

Fliiidextractum  Lupulini    

Fluidcxtracuini  Matico    

Fluidcxtractum  Niicis   Vomicar   . . 
Fliiidextractum  Pareiraf      

Fluidcxtractum    ..  (Emetic    

Phytolacca    (  Aljerative    .  - 

Fliiidextractum  Pilocarpi     

Fluidcxtractum  Podophylli     

Fl-.iidcxtractum  Pruni    Virginianar 

Flnidcxtracttim  Qua^ssisc    

Fluidcxtractum  0*'crcns   

Fluidcxtractum  Quillajx 

Fluidcxtractum    Rhamni    Purshi- 
anx 

Ruidextracium    Rhamni    Purshi- 
aiue   Aromaticum 

Fluidcxtractum  Rlici        

IS  minima 

Fluidextrnctum  Rhnis  Glabnc   ... 

Fluidcxtractum  Ro^rr    

Fluidcxtractum  Ruhi    

i.S  minims 
JO  iTiinini'- 
t?  mininis 

Fluidcxtractum  Sahinz 

^  miuini*^ 

Fluidextraclum  Sanguinari^    

Fluidcxtractum  Sarsaparillx    

Fluidcxtractum  Sarsaparillae 
Ct'mpusitum    

i!'i  minims. 
,^  minims. 

.W  minims, 
i''^  minims 

Fluidcxtractum  Scillw    

Fltiidexiractinn  Scopniae    

r  minim. 
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APPEXDIX. 


AvEHAOE  Doses,   as  Given    by   the   U.   S.    PHAKMAcopfziA,   Escmni 

Uecennjai.    Revision'. —  Continued. 


Average  Duse.                    1 

Preparation. 

Appn^simate        1 
Fqtiiv.nlrnt           1 

Metric  System. 

Ordinary           1 
Syc.icni.            1 

Fluidcxtractum  Scutellarix    

1  Cc. 

IS  minims. 

Fluidcxtractiim  Scnegac 

1  Cc. 

2  Cc. 
I  Cc. 

15  minims           J 
JO  minim^.          1 
15  minitn«             ■ 

Fluidt'xiractuiri  Seiiiix 

Kluidc.Mraclum  Scrpentari»    

Fliiidextractiiin  Spigcliac    

A  Cc. 

1   tluidrachm        1 

Riiidcxiractuni  Staphisaffria    .... 

0.05  Cc. 

1  minim.              1 

Fluidcxiraclmn  Stillingw    

aCc 

30  nnnims.            1 

I'luidcxtractum  Stranionii    

o.os  Cc. 

t-ninitM             ^^^M 

Fluidextrarliirn  Siimhiil     

2Cc 

"-     M 

Fluidcxiraclum  Taraxaci    

8  Cc. 

Fluidcxtractum  Tritici    

8  Cc 

i  tliiidfM:liin< 
^  minimi 

Fliiidcxtractwm  Vvx  Ursi   

2   Cc. 

Fliiidcxtracinm  Valerianae    

2   Cc. 

10  mmimt. 

Fhii<Iextracium  V^eratri   

0  I  Cc 

M^  mmtnui. 
30  minimi 

Fliiidextraclum  Viburni   Opnii    .. 

2   Cc. 

iniiidexlractiim  Viburni  Prunifolii 

2    Cc. 

.V)  minima 

Fluidcxlractiirn  Xanthoxyli    

.2    CC- 

30  minims- 

Fluidcxtractum  Zingibcris    

1  Cc. 

1^  ml^1m^ 

FoenicuIviiTi • . 

I  Gm. 

15  giTiins. 

V/i  RTami. 

15  Kr^oift. 

1  inm. 

15  teram^ 

15  graiw. 

4  KHiins.     ^^fl 

Fraiigula   .>•••■•»(».••■* 

I  Gm. 

Galla 

o.sco  Gm. 
1  Gm. 

Gamhir       

0.065  Gm. 

Gvnliana    

T  Gm. 

I  Gm. 

Glandul*  Suprarenale*;  Siccaf  .... 

0.2S0  Gm. 

Glandtil.-e  Tbyroidcae  Sicnc 

0.2S0  Gm. 

4  enkint.     I^H 

GIvccrinum 

2  Cc 

1  fluiJracW^ 
30  mmutw 

GlycLTitum  Acidi  Tannici    

GIvceritum     Fcrri,     Quinitiae,    et 

StrvchninT    Phosphatum 

1  Cc. 

IS  Tninttnv 

Glycoritum  Hydra'^lis    

2  Cc. 

30  nmitins 
s  nwnini*. 

Glyccritnm  Plienolis    ...-, 

f).^  Cc. 

GIvcvrrliiza                    ..    <...<.....• 

3  Gm. 

4  leraiztt 

Glvcyrrhirinnin   AmmnniaUim    ... 

0.250  Cmi, 

ftoccvnii  Cortex                         .    ..... 

2  Gm. 

.10  sr«in8^ 
»  praitt*. 

Granatum 

2  Gm. 

Gnndclia        

2  Gm. 

»o  ^%Xti^ 

Giiainrnl 

0.5  Cc 

Giiniacolis  Cirbonas                ....-•• 

I  Gm. 

15  lemiM. 

GiiAiAnim 

I  Gm 

Guarana -  - . . 

2  Gm. 
2  Gm. 

■IS. 

Hamamclidis  C6rtcx  ... 

Hamamclidis  Folia 

2  Gm. 
8  Gm- 

1. 

Hedcoma     

Hexamethylenamina    .... 

0.250  Gra.                  1 

4  cr^iTV". 
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A\'EB.^CE  Do?ES,   AS   Given    nv   the 
DECENNl,^L    Re\ision.—  Continucd> 


U.     S.     PHARMACOrtElA,     ErCHTH 


Preparation. 


Honiatropinae  Hydrobromiduni   . . 

Huniulus   

H>'clrarg>Ti    Chloridiuni    Corrosi- 

vuin    

Hydrargyri    (  Laxative  .. . 

Chloridum  Mite    (  Alterative    . 
Hydrargjri  lodidum   n.ivum  .... 
Hydrargyri  lodidiitn  Rubrum  .... 

Hydrargyrum  cum  Creta 

Hydrast?na    

Hydrasiininac  Hydrochloridum  .. 

Hydra?tis    

HyosciniE  Hydrobroinidum   

Hyosc>-aniin:e  Hydrnliromidiim   .. 

Hyosc>Timinae   Sulphas    

Hynscyamus    

Iiifusum  DiRitalis   

Infiisiim  Pruni  Virginiansc  

Iiifiisum  Sennz  Compositum   

lodoformum   

lodolnm  

ledum    

L            S  Kxnoctorant   . . 
Ipecacuanha   ...  {Emetic   

Jalapa   • 

Kino   

Krrimeria    

t-aclncarium    

I^appa    

Leptandra    

Liinonis   Sncciis    

Liqtn'>r  Acidi   Arsenosi 

Liquor  Ammonii  Acetatis   

X-iqiioP  Antiscpticus 

Liquor  Arseni  et  HydrargjTi 
lodidi   

Liquor  Calcis 

Liquor  Chlnri   Composilus    

Liquor  Ferri  Chloridi     ■  ■ -.; 

Liquor  Fcrri  ct  Ammonii  Ace- 
tatis   

IJquor  Fcrri   Subsulphatis    

Liquor  lodi    Comp'  'situ*    

Liqiior  MaRncsii    Citratis    

Liquor  Poiassii  Arscnilis    


Average  Dose. 


Metric  System. 


0.5  milliBramme. 
2  Gm. 


3 
.125 

.065 
10 

3 

.250 

10 

.030 

2 

0.5 

0-5 

0.5 

0.J50 

8 

60 

120 

0.250 

0.250 

5 

0.065 
I 
I 

0.500 
1 

2 

1 

.^o 

0.2 

16 

4 


milligrammes 

Gm, 

Gm. 

milligrammes. 

mtlliKrammes. 

Cim. 

milligrammes. 

Gm. 

Gm  , 

milliRrammc. 

miHigrammc. 

milligramme. 

Gm. 

Cc. 

Cc 

Cc 

Gm. 

Gm. 

milligrammes. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Gm. 

Cc. 

Cc. 

Cc. 

Cc. 


Approximate 

Equivalent 

Ordinary 

System. 


0.1  Cc. 

16  Cc. 

4  Cc. 

0.1  Cc. 

16  Cc. 
0.2  Cc. 
0.2  Cc 
360  Cc. 
0.2  Cc. 


Vi»  grain. 
MO  grains. 

V»  grain, 
a  grains. 

1  grain. 

^■i  grain. 
V»  grain. 
4  grains. 

H  grain. 

!/j  grain. 

.30  grains. 
Vi»  grain. 
Vm  grain. 
'/»»  grain. 
4  grains. 

2  fluidrachmi 

2  fluidounce* 
4  rtuidnunccs 
4  grains. 

4  grains. 
Vi»  grain. 

t  grain. 
15  grains. 
15  grains. 
7''i  grains. 
IS  grains. 
15  grains. 
.^0  ];: rains. 
15  grains. 

I   fluidounce. 

3  minims. 

4  Huidrachms 
I  Buidrachm. 

iVi  minims. 
4  fluidrachms 
r  fluidrachm 

tVi  rainim.s. 

4  fluidrachms. 
3  minims. 
3  minims. 
12  fluidounccs, 
3  minims. 
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Average   Doses,   as   Given   by   the   U.   S,    PnARMArop<EU,    Eicara 
Decennial   Kevision. —  Canimued. 


Preparation. 


Liquor  Potassii  Ciiratis     

l-it|uor  Potassii  Hydroxidi    

Lu|Uor  So<I*T  Cblorinalae   

Liquor  Sodii  Arsenatis    

Liquor  Sodii  Hydroxidi 

Liquor     S^Mlii     Phosphatts    Com- 

positus 

Lithii  Bcnzoas    ..,, ,. 

Litliii  Bromidnni    

Lithii  Cartiona*^ 

Lithii  Citras    

Lithii  Citras  EfferveK<^ns  ....... 

Lithii  Salicylas    

Lobelia   

Lupiitinum    

Ma^esii  Carbona';   

Magnesii  Oxidum   

MaRTicfii  Oxidum  Ponderosum  . . 

Mafiinesii  Sulphas    

MaKHi'sii  Sulphas  Fflfervtsccns   .. 
Mangaiii  Dioxidum    Praecipiiatum 

Mangani  Hypophosphis   

Mnngani  Sulphas   

Manna    

Marrubium    

Mas«;a  Ferri  Carbonatift 

Massa  Hydrargyri   

Maslidic    ^ 

Matico 

Matricaria  

.Mel   

Mel   Depuratum    

McI  Ro«c  

Mentha  Piperita   

Mentha  Viridis   , 

Menthol    

Methylis   Sahcylas 

Melbylthioniiije    Hydrochloridum 

Mezereum   

Mistnra  Creise    

Mislnra  Fcrri   Composita   

Mistura  Glycyrrhizae  Composita   . 

Miftura  Rhei  et  Sodac 

Morphina    

Morphine  Aeelac      ..--.. 


AvEkAi.E  Dose. 


Metric  System. 


1 6  Cc. 
I  Cc, 
1  Cc 

0.2   Cc- 

I  Cc. 

8Cc. 

I  Gm. 

1  Cm. 
0.500  Gm. 
o.soo  Gm. 

8  Gm. 

t  Gm. 
0.500  Gm. 
0.500  Gm. 

3  Gm. 

2  Gm. 
2  Gm. 

16  Gm. 

16  Gm. 
0.250  Gm. 
0.200  Gm. 
0.^50  Gm. 

16  Gm. 
2  Gm. 
0.250  Cm. 
0.250  Gm. 
2  Gm. 

4  Gm. 
16  Gm. 

4Cc. 

4Cc. 

4Cc. 

4  Gm. 

4  Gm. 
o.oiSs  Gm. 

I  Cc. 
0.250  Gm. 
0.500  Gm. 
16  Cc. 
16  Cc. 

8Cc. 

4Cc. 


Airproximate 

Equivalent 

Ordinarsf 

Sy.stem. 


4  fluidraehmt 
15  mir-ni'; 
15  miritiii^ 

3  minii 
15  minii 

a  fluidracbms 
15  RTsinv 
t;  Rraim 


t5  gr-iitiv 
7}^  Rtainv 
7'^  (mint. 

45  BTatn*. 

.V)  Rrain^ 

}0  (Trains. 

240  cr.iin?, 

240  kTain* 

4  ffrain*- 

1  craini. 

4  grain*;. 

240  grains 

.VJ  grain*. 

4  grainK. 

a  grains. 

,W  gTTiin^. 

Co  cTam^ 

240  trr:iinv 

I  fluTdrai'hm. 

I  fluidnchtn. 

I  fluidrachm. 
60  gram* 
60  gnint. 

I  rraiti 
I  :  ■ 


fo  miMig 
15  miil'K 


m 
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AvEKAGE   Doses,   as   Given    by   the   U.   S.    PHARiiAcoPfKiA,    Eighth 
Decennial   Revision.—  Contitiucd. 


Pkepabation. 


Morphinse  Hydrochloridum    , . 

Murphinae  Sulphas 

MoscluH   

Mucilago  Acaci.T    

Miicilago  Sassafras   Medullx 

^El1cilago  Tr;igacantha5   

Mucilago  Ulmi      

Myristica  

Myrrha 

Kaphthatciitnn    

Nux  Vomica   

Olcorcsiiia  Aspidii    

Oleorciina  Capsici   

Oltorcsina  Cubcbx    

Oleoresina  Lnpnlini 

Olcoresina  Piperis   

Oleoresina  Zingibcris    

Oleum  Amy^fdalae  Amar.T   . . . 

Olenm  Amygdala   Expressum 

Oleiini  Anisi     , 

Oleum  Aurantii  Corticis   

Oleum  BctulK   

Oleum  Caj  upu  ti    

Oleum  Cari    , 

0!cum  Caryophylli 

Oletnti  Chcnopodii 

Oleum  Cinnamomi   

Oleum  Cnpaibae    

Oleum  Corinndri    

Oleum  Cubeb.T    

Oleum  Erigerontis   

Oleum  Eucalypti  

Oleum  Fieniculi   

Oleum  Gaulthcnx    

Oleum  Gossypii   Scminis   

Oleum  Hcdcoma;    

Oleum  Junipcri    

Oleum  Lavandulae  Flonim  . . . . 

Oleum  Limunis   

Oleum  Lini    

Oleimi  Menlh;r  Piperitae   

Oleum  Memhjc   Viridis   

Oleum  Morrlniac    

Oleum  Myri  ticac    

Oleum  Olivse    

Oleum  Picis   Liquids    

Oleum  Pimentfle    


Ai'EHACE  Dose 


Metric  System, 


15  milligrammes, 

15  milligrammes 
0.250  Gm. 

16  Cc. 
16  Cc. 
16  Cc. 
I  ft  Cc. 

0.500  Gm. 

0.500  Gm. 

o.  125  Gm. 

0.065  Gm. 

2  Gm. 

o.o.v)  Gm. 

0.500  Gm. 

0.200  Gm. 

0.030  Gm. 

0.030  Gm. 

0.03  Cc. 

30  Cc. 

0.2  Cc. 

0.2  Cc. 

I  Cc 

o.s  Cc 

0.2  Cc. 

O.J  Cc. 

0.2   Cc. 

0.05  Cc. 
0.5  Cc 
0.2  Cc. 
0.5  Cc. 
I  Cc 
0.5  Cc. 
0.2  Cc. 

T    Cc. 

16  Cc 
0.2  Cc 
0.2  Cc. 
0.2  Cc 
0.2  Cc 

30  Cc 
0.2  Cc 
0.2  Cc. 

16  Cc 
0.2  Cc 

30  Cc 

0.2  Cc 
0.2  Cc. 


Approximate 

Equivalent 

Ordinary 

System, 


'A  ffram. 
Va  grain. 
4  grains. 
.\  fliiidrachnis 
4  Huidrachms 
4  nui<Irachms 
4  fluidrachms 
7?.i  grains. 
7%  grains. 

2  grains. 
I  grain. 

30  grains. 

Vj  grain. 

7^'i  grains. 

3  grains. 
Vt  grain. 
*/j  grain. 
f>i  minim 

I  flnidounce. 
3  minims. 
3  minim.s. 
15  minims. 
8  minims. 
3  minims. 
3  minims. 
3  minim.s. 
I  minim. 
8  minims. 
3  minims. 
8  minims. 
15  minims. 
8  minims. 

3  minims. 
15  minims. 

4  fliiidraetims 
3  minims, 

3  minims. 
3  minims, 
3  minimi. 
I  flnidounce. 
3  minims. 

3  minims. 

4  Huidrachms 
3  minims. 

I  flnidounce. 
3  minims. 
3  minim* 
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AVEBACIE    DoSE=;.     AS     GiVEN     DY     THE     V.     S.     PHARMACOPffilA,     ElGHTH 

Decicnmal    Revision. —  Co%ilittued. 


Pkepakation. 


Morphina?  Ilydrochloridum    .. 

Morphinar  Sulphas 

Mobchtis   

Mucilago  Acacix    

MiiciKigo  Sassafras  .Medullz 

Miicilago  TraRacanthae   

Mucitngo  Ulnii    

M yristica   

Myrrha    

N.iphthalenum 

Nh.x   \"oniica    

Olcorosma  .\spidii 

Olcorc^ina  Capsici    

Olcoresina  Culiebir    

Olcoresina  l.npiitini   

Olcoresina   Pipcris    

Oleorcsina  Zingibcris    

Oleun)  Amyydalx  Amarre   . . . 

Oleum  .VmyRdalae  Exprsssum 

Ok'uni  Anisi    

Olctini  .\iiraiuii   Corticis   ..., 

OUurti  Rclnla?    

Oleum  Cajupiiti    

Oleum  Cari    , 

Olcnni  Caryophylli 

Oleum  Chenopndii 

Okum  Cinnamomi   

Oleum  Copaiiwp    

Oleum  Cnriandri    

Oleum  CuhclxT    

Oleum  Erigerrmtis   , 

Oleum  Eucalypti  

Oleum  Fa-uiculi  

Oleum  Gaultherisc    

Oleum  Gossypii   Seminis   

Oleum  Hedeom.T    

Oleum  Juniper!   

Oleum  Lavauduf*  Ftorum  ,  ... 

Oleum  Limonis   

Oleum  Lini    

Oleum  Mentlix  Piperifcc   

Oleum  Mcuth*  Viridis   

Oleum  Morrluia   

Oleum  Myri;  licjc    

Oleum  Olivsc     

Oleum  Picis   Liquida    

Oleum  Pimcntx    


Average  Duse. 


Metric  System. 


15  milligrammes. 

15  milligrammes. 
0.2SO  Gm. 

16  Cc. 
16  Cc. 
16  Cc. 
16  Cc. 

0.500  Gm. 

0.500  Gm. 

o .  1 25  Gm. 

0.065  Gm. 

2  Gm. 

0.030  Gm. 

0.500  Gm. 

0.200  Gm. 

0.0.P  Gm. 

0.030  Gm. 

0.0.1  Cc 

30  Cc. 

0.2  Cc. 

0.2  Cc. 

I  Cc 

o.-;  Cc. 

0.2  Cc 

0.2  Cc. 

0.2  Cc 

0,05  Cc. 

0.5  Cc 

0.2  Cc- 

0.5  Cc 

I  Cc 

0.5  Cc 

0.2  Cc. 

I  Cc. 

16  Cc 

0.2  Cc 

0.2  Cc 

0.2  Cc 

0.2  Cc 

30  Cc. 

0.2  Cc 

0.2  Cc 

16  Cc 

0.2  Cc 

30  Cc. 

0.2  Cc. 

0.2  Cc. 


Apprnxima!* 

Etjuivalenl 

Ordinary 

System. 


Va  RTain. 

Va  Krain. 
4  (trains. 
A  fluidrachms 
4  fluidrachms 
4  fluidrachms 

4  fluidrachms 
jVi  grains 

jYi  grains. 

2  grains. 
I  grain. 

30  grains. 

Vi  grain. 

7!^  grains. 

3  grains. 
Vi  grain. 
Vi  grain. 
Yz  minim. 

I  fluidounce. 
3  minims. 
3  minims. 
15  rnintms. 
8  minims. 
3  minims. 
3  minims. 
3  minims. 
I  minim. 
8  minims. 
3  minims. 

5  minims. 
15  minims. 

8  minims, 

3  minims. 
15  minims. 

4  fluidrachms 
3  mimms. 

3  minims. 
3  minims. 
3  minimg. 
T  fluidounce. 
3  minims. 

3  minims. 

4  fluidrachms 
3  minims. 

I  fluidounce 
3  minims, 
3  minims. 
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AvEttAiiE   Doses,    as   Given    by    the 
Decennial   Revision. —  Continucii. 


U.  S.   Pharuacopceu,   Eighth 


Preparation. 


Rcsina  PodopliylU    |  [^^^^Jf^*^   * 

Rcsina  Scammonii 

Rcsorcino!    

Rhamnns    Purshiana    

Rliciim    

Rhus  Glabra 

Rubns  

Sabal    

Saliina    ■ , . 

Safroltim   

Saliciiuira    

Salvia   

Sangiiiiiaria    

Sanlonimim 

Sarsaparilla    

Sassafras   

Scanimonium   

Scilla    

Scoparius   

Scopola , 

Scopolamin*   Hydrobromidum    . . 

Swiiiclbria    

Senega    

Senna    

Serpcntaria    

Scrum  Ami-        Immunizing  dnsc 
diphthcricum     for  well  persons. 

Sinapis  Alba  Emetic. 

Sinapi*  Nigra Emelic. . 

S(idii  Acctas    

Sodii  Arsenas    

Stxtii    Afscnas  Kxsiccatus    

Sodii  Bcnzoas    

Sodii  Bicarbonas   

Sodii  Bisulphis    

Sodii  Boras 

Sodii  Bromidnm    

Sodii  Carbonas    Monohydratus    . . 

Sodii  Chloral 

Scnlii  Chlnridum    Kmeiic 

Sodii  Citras    

Si'dii  Myoopbosphis 
Sodii  lodidnm  .... 
Sodii  Nitras 


A%TR_\Ct  DOKE 


Metric  System. 


15 
5 

O.JOO 

0.125 
] 
1 
] 
I 
I 

0,500 

O.J 

I 

2 

o.l?5 

0.065 

2 

8 

0.350 

0.125 

I 

0.045 

0.5 

1 

I 

4 

I 


milligrammes 

milligrammes 

Gni. 

Gm. 

Cm. 

Gm. 

Gm. 

Gm. . 

Gm. 

Gm. 

Cc, 

Cm, 

Cm. 

Gm. 

Gm. 

Gm. 

Gm, 

Gm. 

Gni. 

Gm. 

Gm. 

milligramme. 

Gm. 

Gm. 

Gm. 

Gm. 


8  Gm. 

8  Gm. 

1  Gm. 

5  milligrammes. 

.^  milligrammes. 

I  Cm. 

I  Gm 
'>.5oo  Gm. 
0.500  Gm. 

t  Gm. 
0.350  Cm. 
0.950  Gm. 
16  Gm. 

t  Gm. 

r  G 
0.500  Gm 

T  Cm 


-M 


yv^trm 


li  sram. 

'/.♦  graia 
J  gninik 
2  grainft. 

1$  gnitn»v 

15  gniin», 

fS  Kmmi, 

t$  graii>4 

7W  gr»in«. 

5  mirjimi 

ts  graiiu 

.10  grains 

2  itnxnt. 

1  grain. 
JO  grains. 

130  grains. 
4  KnitA 

2  graitu. 
IS  gnint. 
H  grata 

V'»  Kratn. 
15  BT«rn». 
15  grain», 
60  itTjiin^ 
15  gramft. 

1,000  imiti, 

t20  grain^k 

ijo  graint. 

15  grain* 

Vi«  grain. 

V.  grain. 

15  grams 

15  graxnv 

7Vi  graioA. 

7^2  grwB*. 

15  graiou 

4  Knma. 

4  grains. 

240  grsatt. 

ts  graiM. 

gra4nK. 

gram& 

15  grain*. 
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Average  Doses,   as  Given   by  the  U.   S.   Pharmacop(EXA,  Eighth 
Decennial   IIevision. —  Continued. 


Preparation. 


AvERAGk  Dose. 


Metric  System. 


Sodii  Nitris    0.065  Gm. 

Sodii  PhenoUulphonas    0.250  Gm. 

Sodii  Phosphas   2  Gm. 

Sodii  Phosphas  Effervescens    8  Gm. 

Sodii  Phosphas  Exsiccatus   i  Gm. 

Sodii  Pyrophosphas  2  Gm. 

Sodii  Salicylas    r  Gm. 

Sodii  Sulphas   16  Gm. 

Sodii  Sulphis   i  Gm. 

Sodii  Thiosulphas    i  Gm. 

Sparteine  Sulphas   10  milligrammes. 

Spigelia    4  Gm. 

Spjritus  .^theris    4  Cc. 

Spiritus  j^theris  Compositus    4  Cc. 

Spiritus  -Athens  Nitrosi    2  Cc. 

Spiritus  Ammonia   i  Cc. 

Spiritus  Ammoniae  Aromaticus    . .  2  Cc. 

Spiritus  Amygdalae   Amarae    0.5  Cc. 

Spiritus  Anisi 4  Cc. 

Spiritus  Camphorae    i  Cc. 

Spiritus  Chloroformi    2  Cc. 

Spiritus  Cinnamomi    2  Cc. 

Spiritus  Gaultheria;    2  Cc. 

Spiritus  Glycerylis   Nitratis    0.05  Cc. 

Spiritus  Juniperi    2  Cc. 

Spiritus  Juniperi  Compositus   8  Cc. 

Spiritus  Lavandulae    2  Cc. 

Spiritus  Menthae  Pipcritae 2  Cc. 

Spiritus  Menthae  Viridis   2  Cc. 

Staphisagria    0.065  Gm. 

Stillingia  2  Gm. 

Stramonium 0.065  Gm. 

Strontii  Bromidum    i  Gm. 

Strontii  lodidum    0.500  Gm. 

Strontii  Salicylas    i  Gm. 

Strophanthinum    0.3  milligramme. 

Strophanthus    0.065  Gm. 

Strychnina    i  milligramme. 

Strychninae  Nitras   I  milligramme. 

Strychninae  Sulphas  I  milligramme. 

St>'rax    I  Gm. 

Sulphoncthylmethanum    I  Gm. 

Sulphonmethanum    I  Gm. 

Sulphur  Lotum   4  Gm. 

Sulphur  Prascipitatum  4  Gm. 


Approximate 

Equivalent 

Ordinary 

System. 


I  gram. 

4  grains. 
30  grains. 
120  grains. 
15  grains. 
30  grains. 
15  grains. 
240  grains. 
15  grains. 
15  grains. 
H  grain. 
60  grains. 

I  fluidrachm 

t  fluidrachm 
30  minims. 
15  minims. 
30  minims. 

8  minims. 

I  fluidrachm 
15  minims. 
30  minims. 
30  minims. 
30  minims. 

1  minim. 
30  minims. 

2  fluidrachm 
30  minims. 
30  minims. 
30  minims. 

I  grain. 

30  grains. 
[  grain. 

15  grains. 
r;^  grains. 

[5  grains. 
Vjm  grain. 
I  grain. 
V«  grain. 
Ve.  grain. 
Vm  grain. 

15  grains. 

15  grains. 

15  grains. 

60  grains. 

60  grains. 


T— 6«; 
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Av'EKAGE   Doses,    as   Given    by   the   U.    S.    Phaiimacop<em, 
DECENNiAL    Revision. —  CoiHinufd. 


Average  Dose 


Preparation. 


Sulphur  Subliniatum    

Sumbiil     

Syrupus  Acidi  Hvdriodici 

Synipus  Amygdafap    

Syrupus  Calcii  Lactopliosphalis  . . 

Syrupus  Calcis   

Syrupus  Fcrri   lodidi    

Syrupus  Fcrri.  Quininx  et  Sirych- 

ninar    Pliosphatum 

Syrupus  llypophosphitum    

Syrupus    Hypophosphitum     Coni- 

positus 

Syrupus j  Emetic    

Ipecacuanha  .   (Expectorant    .. 

Syrupus  Kramcri* 

Syrupus  Laciucani    

Syrupus  Picis  Lu^uidse  

Syrupus  Pruni   Virginianse   

Syrupus  Rhei     

Syrupus  Rhci  Aromaticus 

Syrupus  Rubi    

Synipus  Sarsaparillie  Compositus 

Syrupus  Scillae    

Synipu*.  Scill;*  Compositus    

Syrupus  Stncgrc 

Syrupus  Siiuwe    , 

Syrupus  Tolutanus 

Syrupus  Zingibcris 

Tamarindus  

Taraxacum 

Tcr<'benum    

Terpini   Hydras 

Thymol    

Tinctura  Aconili    

Tinctura  Aloes    

Tinctura  Aloes  et  Myrrha  

Tinctura  Amic;e    

Tinctura  .\safortidic    

Tinctura  Aurantii    Amari    .,... 

Tinctura  Aurantii  Dtilcis 

Tinctura  Brlladonnac  Folionim 

Tinctura  Benzoin!    

Tinctura  Benzoini    Composita 

Tinctura  Calumh*    

Tinctura  Cannabis  Indioc  


4  Cm. 
J  Gm. 
4  Cc. 
4Cc. 
8  Cc. 
2  Cc. 
t  Cc. 

4Cc. 
8  Cc, 

8  Cc, 

1  Cc. 
IS  Cc, 

4  Cc. 
8Cc, 
4Cc, 

4  Cc. 

8  Cc, 
8  Cc. 
4  Cc. 
i6  Cc. 

2  Cc. 
2  Cc. 
4  Cc, 
4Cc. 

i6  Cc. 
i6  Cc- 
i6  Gm, 
8  Cm, 

0.5  Cc. 

.  125  Gm. 

.  I2S  Gm. 

o  6  Cc 

2  Cc 
2  Cc. 

I  Cc. 

I  Cc- 

4Cc. 

4Cc. 
OS  Cc. 

I  Cc- 

2Cc. 

4Cc 
0.6  Cc- 


I 
System. 


6o  grains. 
JO  grains. 
I   fiuidrarhm 

I  n    ■'   "  u 

^  '  n 

15  minims. 

r  fluulTachm 
3  fluidnciim 


fluidrachm 
minims 
fluid  rarhm 


IS 

4 

1  9      '-     ' 

2  ' 
I 

I 
2 
2 
I 

4  fluu^'M:hm 
.^o  minims. 
.yo  minim< 

t  fluid  racht 

1  r'-:-''^-' 

4 

4   ? 

120  KrailH. 
8  rriintml^ 

2  grama. 
2  icratits. 

10  mmimi. 

JO  minimi 

30  minims 

15  minims. 

IS  minims 
I  f^tiidradii 
T  Saidrw 
B  mmims. 

IS  mixiiBs. 

JO  mtncmSw 
t  fltiiiJracI 

10  minima 
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Average  Doses,   as   Given    by   the   U.    S.    Pharmacopceia,    Eighth 

DErENNiAL   Revision. —  Continurtt. 


Pkefaration. 


Tinctiira  Cnntharidis  

rinctura  Capsici    

Ttncliira  Cardamnmi    

Tinclura  Cardamomi  Composita 

Tinclura  Cimiciltigx   

Tinctura  Cinchonpc 

Tinctura  Cinchon*  Composita  . 

Tinctura  Ciunamomi    

Tinctura  Colchici  Seminis  

Tinctura  Digitalis    

Tinctura  Ferri   Chtoridi   

Tinctura  Gallae    

Tinciura  Gambir  Composita  . . . , 

Tinctura  Gelsemii    

Tinctura  Gcnitanx  Composita   . 

Tinctura  Gnaiaci    

Tinctura  Guaiaci  Ammoniata  . . . 

Tinctura  Hydrastis   

Tinctura  Hyo^cyami 

Tinctura  lodi 

Tinctura  Ip;?cacuanhx  et  Opii   . . 

Tinctura  Kinn      

Tinctura  Kramcri^    

Tinctura  Lactncarii    

Tinclura  Lavandula  Composita  . 

Tinctura  Moschi   

Tinctura  Myrrhae    

Tinctura  Nucis  Vomica; 

Tinctura  Opii   , 

Tinctura  Opii  Camphorata   

Tinctura  Opii   Dcfxlnrali    

Tinctura  Physosligmatis    

Tinclura  Quassi*  

Tinctura  Rhci 

Tinctura  Rhei  Aromatica   

Tinctura  Sancuinariw   

Tinctura  Scillx   

Tinctura  Scrpcntariae 

Tinctura  Stramonii   ............. 

Tinctura  Strophanthi   , 

Tinctura  Tnlntana    . 

Tinctura  Valcrianx    

Tinctura  Valcrianit  .Ammoniata 

Tinctura  Veratri  

Tinctura  Zineiberis    


Average  Dose 


Metric  Sv*<tem, 


0.3  Cc. 
O-T  Cc. 


4 
4 
4 
4 
4 
2 
2 
I 
0.5 
4 
4 

OS 

4 
4 

2 

4 
I 

0.1  Cc. 
o-s  Cc, 
4  Cc. 
4Cc. 
2  Cc. 
2  Cc. 
I  Cc. 

Cc. 

Cc. 

Cc. 


Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc. 
Cc, 
Cc, 
Cc. 
Cc. 


4 

4 

I 

0.6  Cc 
o.S  Cc. 

8Cc. 
0.5  Cc. 

I  Cc. 


2  Cc. 

d  Cc. 

2  Cc. 

I  Cc. 

I  Cc. 

4Cc. 

0 

.S  Cc. 

0 

.^  Cc. 

2  Cc- 

4  Cc. 

2  Cc 

T  Cc. 

.Approxiinatc 

Equivalent 

Ordinary 

System. 


2  Cc 


5  mmims. 

8  minims. 

I   fltiidrachm. 

I   rtnidrachm. 

I   fluidrachm. 

I   Miiidraclini. 

r  fluidrachm. 
JO  minims. 
.V>  minims. 
i.S  minims. 

8  minmis 

I   fluidrachm. 

I   fluidrachm. 

8  minims 

I   fluidrachm. 

I  fluidrachm. 
,^0  minims. 

I  fluidrachm. 
15  minims. 
iVj  minim.*t. 

8  minim?. 

I  fluidrachm. 

I   fluidrachm. 
.10  minims. 
.V?  minims. 
15  minims. 

I  fluidrachm. 

1  fl"idrachm. 
15  minims. 

io  minims. 
8  muimis. 

2  fluidrachms 
8  minims. 

15  minims. 
.^O  minims" 

I  fluidrachm. 
)o  minims. 
15  minims. 
15  minims. 

I   fluidrachm. 

8  minims. 

8  minims. 
.TO  minims. 

I  fluidrachm. 
,V>  minims, 
15  minims, 
■»o  minims, 
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Average   Doses,    as   Given    b\    the 
Decennial    Revision  — CowNrmrJ. 


U.    S.    Pharhacop<eia,    ElCHTff 


Prcpabatiok. 


Elaterini 


Average  Dose 


Metric  System. 


Triticum 

Trituratio 

Uva  Ursi    , 

Valeriana   

Vanilla    

Vanillinum    , 

V'erairina    

Vcralnim     

Viburnum  Opirlus   

Vihurnum  Pruni  folium 

Vinum  Antimonii    

Vinum  Coc» 

Vinum  Colchici   Scminis 

Viiuim  Ergiitae   , 

Vinum  Ferri    

Vinum  Ferri  Aniarum   . 
Vinum  Ipecacuanhs  .... 

Vinum  Opii    

Xanthoxyltim    

Zinci  Acetas    

Zinci  Bromidum    

Zinci  lodidum    

Zinci  Oxidum    

Zinci  Phcnnlsulphonas    0.123  Gm 

Zinci  Sulphas   Emetic. .  t  Gm. 

Zinci  Valeras    

Zingiher    


8  r.m 

o.ojo  Gm. 

2  Gm. 

2  Gm. 

1  Gm. 
0.0.10  Gm. 

2  milligrammes. 
0.I2S  Gm. 

2  Gm. 
a  Gm. 

1  Cc 
16  Cc. 

2  Cc- 
8  Cc. 
8Ce 
8Cc. 

1  Cc 
0.5  Cc 

2  Gm, 
o.  ii5  Gm. 
0.125  Om. 
0.065  Gm. 
0.250  Gm. 


O.I2f 


Gm. 

Cm 


Appmjcimaic 
Equivalent 
Ordinary 
Sys'cm 


120  K rains. 
V»  grain. 

15  Rrain< 

3  ftrain^. 
y>  KTains. 
30  (frains. 
15  minimf 

A  Hiiidrachi 
30  mitums. 
2  fluidrachmi 
2  fluidrachms^ 
2  fluidrachros 
15  minimi. 
8  mmtms. 
30  aT:iii>< 

2    R-  .       ^ 

2    5T., 

1  Kr.1i- 

4  Ki'  '■' 

2  Kr.--  - 
I?  gr. 

2  ur4Mt> 
l>  prain*- 
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Allyl  sulphocarbomid.   70s   (M) 
Almonds: 
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OS  emetic  and  nauveant.  313.  3IS 

regulatiuK    alkatinity.    5B3 
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experiments.   042 
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9ti    [El 

Froes.  795   (Tl 

Mattnrstum.    K44 

Mommalv   Ml    iT) 

Mixtiiir*.    IM 

1:  43 

Ant-i.  ■      _      :     Lit}: 

c*xuiti,  jio.  tn 

SulMttlUteS.    22Jt 

Other   measures.  Ji6 

Kkiterimcntit,   ttgj 
Anesthesin,  m   (M) 
Ancsthol.   437 
Anethum,   108  iM) 
Aneurjrsm : 

Calcium.  5 1 1 

Digitalia,  49s 

Emetics.  314 

Gclarin,   sir 
AnKclica.  IQ9  (Ml 
Anfcina  pecturis.  nitrites^   475 
Angostura.  724  (M> 

false,    160 
Anhalonium,  ^oA 
Anhydnds: 

of  acids.   j86.  S«7 

ralli^rtir.   3»  lo  7Sa.   7jj    (M) 
Anhyiiroiics.  J40 

acids.  677 

local,   •*{ 
Anilin.  3S3 

Anibn  dyes.   371    fM) 
Anflipyrin.  3^4   (M) 
AntmaMinard,    got    (T) 

experiments.  M*  t*  i 
value,    125 

extracts.   j8$t   joj 

venoms.  397 
,\nima)s    needed    in    UUyratoffT 

7Br 
Anions,  definltioo.  548 

abs'ubability.    54J 

actions.  554,   555,  MIS  !•  MO 
Anistonic.  525 
.\nnalto.    >oj   (Ml 
Anodynes.  4.4U 
.Anorexia,   stomachics,    711 
.\ntBi1tmi4tic   action,    tiB 
Anf emetics,   see   Hyperrme^a. 
Anthelmintio,  743   l«  7M   iM)    ^A 

IE).  08s  <B> 
AnthetnU.  107  (M)    • 

Anihraccuc  cathartics,    TfA   |#   IM 

Antiarin,    477        

Amtdiarrbneica.  <Vt 
Antidote,   Arsenic,  4a4    (i|> 
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Antidotes  for  iNiiioninR,  M  to  tt,  J&43 

i.C).  S6s    4Ei 
Antifebrin^   355    fM) 
Amih;«tencs,  m%  (Mt 
Antimony,  618.  6ig  <M) 
Antino*>in,   680,  681    {}>{) 
AnlijibluBtstin.    ^54    <M) 
Antipyrciic^,  CoalTir,  944  to  S57;  041 
(E).  58J   (B) 
PliarmacoloKy.  J44 
Sidr  aciiont,  J47 
Chronic    poisoning,    J48 
Therapeutics.  J50 
toinpoBition,    353 
Materia   nicilica,   354 
Aniipvrin.   s«    (MV.  8jg   (O,  941    <E) 

ill    tjrinc.    fi4i|    (C> 
Anti(|uate<l    num»  of   solutions,    S9 
Antiwi.liCT,    WW;   98J    (B? 
Coal-tar,  3ft?  Ia  870 
('nm|Krtiition,    ,157 
rharniacolof>y,  y$S 
Hate,    .(7  7 

Strmftlli    of  tnliittonii,   694 
(•.ri-    iri.Iu'idua!   drugs] 
I  I     4A0   to  4fl3 

An'  iAlro|iin).   /jg 

An:  .  ic    serum,    jgj,    SM    (M) 

Anti[lic:it:iii.    J57    <  M  J 
Antithyroid   scrum.   ^09    t  M  ) 
Aniitoxic  action   of  ions.    55J 
Antitoxic  tera.  S«7  to  401,  qSj    iB); 

see   individual   diseases. 
Antivrnin.    J95 
Apache  lea.    174   TM) 
Apencati,  736;  see  Cathartics  and  Lax- 

alivo. 
Aphrodiilacs,  101 
Apiol,  703    (M  I 
Allium.   108   (M> 
Apocodein.  W.  oSj   fB) 
Apocynum,   477.    4)19,    497    (M) 
Apoly*in,  ^i;6    (  M  ) 
A|<omnrtthin; 
I'hamiacoloffy.   305 
Materia  nicaica,   307 
Therai>cutii,-»,   31  i,    315 
Te«t».  8j7    IC) 
Ext>*rimenta.   940 
Apothecaries'   measures  and  weiRhls,   34 

to  M 
Apparatus,  de»cf?ption.   WJ  to  WIO   <T) 
Litis   for  animal   work,   7^14 
Lists   for   cbemic    work.    7H0 
Apfietife.   stomachics  on,  7^1 
Aqua.  SiS    iM) 
Aijua    ammonije,    598    <M}:    fortis,    588 

(M):  regis.    $89   (M> 
Aqux.  M 
Aragallus,  209 
Araiia,    J09,    7^4 
Araroha.    709    iM) 
Arhor   viljr,   709 
Arbtiiin.  367 
Acchangeltca,    1 09    4M) 
Arrtostaphylos.   368    (M) 
Areca.  745   (M) 
Arenicuia.   ;.u 
Argentamin.   A.i6    (M^ 
Argrntum,   63UI,  fi,iA    (M> 
Argonin.  63^    'M) 
Argyn^m.   635 
Antyrol.   636    fMt 
Ari«tochin.  341    iM) 
Arisfol.  680,  6H1    (M) 
Ariftiiilochia.    713   <M> 
Artneninn    hole,    rn.i 
Armoracia.  7»s  'M) 


Arnica,   698    (H) 
Arutnatic   acids,  SIB   (M) 
Aromatic  bitters,  7^4   (M) 
Aromalics,  as  flavors,    to8  <M) 

as   stomachics,    7^5    I.M) 
Arrangement    of    lahoraiory   course,   178 

Arrheniuft  hypothesis,   3*7 

Arrow  |>oisonf,  sec  aconite,  curare,  dig' 

itahs. 
Arrowroot,   2a   (Fig.   l),  767 
Arsenic.  SOIt  t«  nil.  98s   <  B) 
Pharmacology.   608 
Toxicology.  613 

Therapeutics  and  Materia  tncdica.  6t6 
Caustic,   tij 
Tests,  87.  613 
EK[»erimenl.«,    943 
Arsenic    Antidote,    6a8    (M) 
Arseniiireted  hydrogen,  461 
Artemisia,    ahsinthium,    724    (M) 

pamithira,  745   (M) 
Artrnosclrrosis: 
by  alcohol.  43a 
nicutin,  ao6 
lead,  650 
suprarenal,   J93 
Treatment : 
imitds,  57 1 
mtrilrs.    475 
thyiotd.    JQ9 
Arthralgia.  6st 

Artificial   circuUtinn   Schenia,  904    (E) 
Artificial   respiration.  817   (T) 
Asafctida.  697    iM; 
Asagrara,  iJi 
Asarum,   1  ro 
Ascaris,   745 
•Ascites,  tee  edetna, 
Aseptol,  363 
Asimina,  7^5 
Aspsratfiis,    547 
Asphyxia:   4ft7 

General   phenoincna,   147 
Circulation,   151 
(•lycusuria,    303 
OxvRcn,   45S 
Etpcrtmenn,  941 
Aspiriium,   744    IM) 
Aspidospcnna,  307 
A.M'irin,    3U,    375    (M».   983    (B) 
A«aying.   #S  to  74,  (t^j  to  833  lC> 
A*^5ienment    of   operative   wotk,   790    (T) 
Asthma,    treatment,    S41    (Atropin). 
Ammonium.    561 
Arsenic.   616 
Caffein,    170 
Cocain,   33Q 
Ergot.   S08 
Nitrites.   475 
Pyridtn,   J64 
Strychnin,    tsi 
Suprarenal,   J94 
A*lra((alus,    7SS    '  M  > 
Astringent  bittern.  773   (M) 
Astringriits, 

I'h.imiacology.  M4.   ^44  to  848   (C) 
TFirrai»rutics,    (S8fi.    M« 
Vcgelahle,    88«  to  «»l,   ^W    (M) 
Strength    of   sj.'lutif'ps.    6wj 
Atheroma    (sec   arierioselerosii) 
Atomic   volume  and   weight   on   toxicity. 
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Atmpa,   a4a 
Atfopamin,   nj 

Atropin  —  Morphm   anUgnnism,    io« 
Atmpin  group,  ttl   to  t44,  981    (Bj[ 
( CrniiMsirion.   1J7 
Fhartnacology.    ''8 
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^^^^^^^^^H               Average  dote: 
^^^^^^^^^H                     Denniliun,    136 
^^^^^^^H                                        101 1    to    IMS 

drausbt.  73?  (M>                                ^^^H 
haw.   5to    fM)                                       ^^^H 

hellcl>ore.   408    (M)                                 ^^H 

^^^^^^^^^H               AvoirUnpoU 

Ma»h.  646   <M;                                       ^^^H 
Blaud'»  pilt.   6j9   (M)                             ^^^H 

^^^^^^^^^H                                  690 

Bieuchins   powder.  670    (M)               ^^^H 

Blw'd:    alkalimly.    583                            --^^^H 

cosKulatiun,    oil,    849     IC')               "^^^^H 

Curro4ive5.    843    <C)                            ^^^^H 

^^^^^^^^^^^B                Baelioni'H                             144 
^^^^^^^^^H                Baker's  aramania,   565    (M) 
^^^^^^^^^H                             powders,  4*$ 

^^^^^^^^^^^M 

detibrmatiun.   8jo    (Ti                       ^^^^H 

^^^^^^^^^^^m 

n'T  r-n^7n<3ble,    8ii     tT)                    ^^^^1 

^^^^^^^^B                           106  (M) 

c>ji                      ^^^^H 

^^^^^^^^H               Balm    of  Gtlead,    108    (M) 

^^H 

^^^^^^^B                Balsams:  6M  (Mj 

801.   8S4    (C)              ^^H 

^^^^^^^^^^^B 

■iM.g^    ,,;,,    S5,     (C>                                                ^^M 

lakmg,   313,   Ut    tC)                                        H 
ItlmMl  preaturc.    ill     (t),    ^ta    (£)     ^^^H 

^^^^^^^^H                 Bartuni.   664.  gn 

^^^^^^^^1^                Barley                           (Mj 
^^^^^                                 Barosma,  701    (M) 

Rlaodrooi.  ^05                                                ^^^H 

^^■^                                       Basedow  *   dixca»c,    tM 

Blur                                                         ^^H 

^^^K^                                        atropin,   3^1 

735   (M>                                     ^^H 

^^^H                                    Basham's   mixture,   6jo   fM) 

imII,  645   <M)                          ^^^H 
&alve.  646    lM>                                         ^^^H 

^^^H                                      Basi«    (nrescription).    9J 
^^^^H                                   Itusi   cells,   JQ 

(Nf)                                       ^^^H 

^^M                                  Baths:  711   lo  IIS 

^^^H 

^^^^m                                                 fever,    151 

^^^^M                                          strength   of    mineral,   69a 

Blur>print»,             (T)                                 ^^^^^| 

R<ick*«   mrlliixl,    gj9    <£)                         ^^^^^| 

^^H                                    Batteries.    793    (T) 

^^^^H 

^^H                                        1)ear)>erry,    j68    (M> 

Roletus,   466                                                   ^^^^H 

^^^H                                     Bcckmann's  aniiaratus,   B57    (C) 
^^^H                                        Bee  (loifton.  Sffi 

Rone,   arsenic,   61s                                  ^^^^H 

^^^^^1 

^^^1                                     Hcef.   iron  and  wine.  761   (M) 
^^^1                                   Beef  preparations.   761    (M) 

^^^^^1 

pli<4ph<iru»,  <«$                                     ^^^^H 

^H                                     Reef   tea.   tt 

BoiieblAck,  7i8  (M)                                ^^^H 
Kiinr^rt.   »ee   titiiulorinnL                        ^^^^^| 

^^H                                  Beer,  4ft.  4U,  43o,  425   (M) 

^^H                                  Beeswax.   752   (M) 

^^^^^1 

^^^1                                         Bcct1e<t,   cmthnridin,    705 

^^^1                                     Belladonna,   ^4^    (M);  »ce  auoptn 

Rofati.-                                     1.    and   b»««l|^^H 

^H 

^^H 

as    f"                                  ;?j     6T»     841       ■ 

P                                                  away.   Sjj  (C> 

(C)                                                         ■ 

1^^                                            Belladnnnin,    jj7 

Boswclha.   107   CM)                                             ■ 

Bel!uws: 

Butlttt»i:epha)u&.     744                                    ^^^H 

for  artificial  refpiration.  817   (T> 

Botlaxii's  theonr.  j«6                           ^^^^| 
148                                      ^^^^^1 

for  recordinic.  815    (T) 

Benzaldehyd.   no 
Benxaniliij,   J55 

noiiK'es,   69                                          ^^^^^1 

Bouillon.  7OT                                                       ^1 

Bcntin.  «7.  441  (M);  aa  solvent,  55 
Bcntoic  acid.  175   (M>.  8j9   (C) 

Bnuf)ueti   f)f   w-inc4.    etc.,  4«Bto_4tl«  4SS-^H 
Brain,  destrticiion,  free.  795  CTl              ^| 

in   milk.   841    <C> 

Brandy.  4^4   <  M  )                                                    ^H 
Brassica,  704   <M>                                              ^H 

ReniMn,    m;,    909    CM> 

Benrnl.  187 

Brayrra.  74$   (M>                                        ^^^H 

Renzonaphthol.   376.  377   (M) 

Breast  ie:i.   519    (M)                                      ^^^H 

BeniMol,    370 

RroiTiates,    57*^                                                  ^^^^H 
Br..ii.i.|».    Mft  to  MN    iMt                     ^^H 

BrnzLnulpbonidum.    I0«    (M).    a7J 

^^H                                           Benzoyl   iropcin.   jj? 

purity   te«ts,  8jj   (C>                               ^^^H 
Bromin.   67i<.  «7«    *M»                         -^^^l 

^H                                        Benrotonc.   j86    (M) 

^H                                        Berl>erin.   209.   jji    iM).   T'J 

Rrotnipin,    $60    (M)                                      ^^^^1 
llrnfTti«m,    ^64                                                  ^^^^^| 

^H                                        Rerhcris,   7JJ    (M) 

^H                                        BergaiTiot.   108   (M) 

Rrumoform.   436.   4IS    4  if>                      ^^^^H 

^^m                                       Beta  eitcain,    224 

Hr--.'    •-      —                                                          ^^^H 

^H                                         naphthot.  37^ 

^^H 

^H                                        Rerain,  ^4^ 

^^H 

^H                                        Bctula.   J7S    <M) 

Rri......    ii-.                        ,-,!..    ejv   '<-'t^^H 

^H                                         Bihli^fjrapby.  telected,  tT8  t«  »IS 

Bryonia,   7JS   <MI                                              ^H 

^H                                         Bicarhonatc*.    581    lu    $84.    SOJ    to    soo. 

Bucliu.   701    <M1                                             ^1 

598  <M) 

Ruckthorn.   ;|t    fMf                             ^^H 
Bufanin  and  bafotalin,  4^7                 ^^^^| 

Bile.  740   (M>:  see  Cholagocuvfl. 

on  cathartics,  7^6 

Bnlbs,   for   injection.   804  iT)             ^^^H 
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Bulbitv  (botany),  18 
Building    forceps,    807    (T) 
Bultncnw,    104 
Bumtiinv.  50 
Burette*.  41 

Burgundy  pitch,  753  (M) 
.  Butler  a»  cfflollicnt,  ?$» 
food,  766 
Buitcr  01  antimony,  68i 
Butternut.  690.  73S  (M> 
Butyl  chlnral.,  446  (M) 
Butyrum,   75J   (M) 

Cacao.   t7j.   174   (M) 

butter.  751    (M) 
Cachet  K  69 

Cachexia,   definition,    195 

arsenic.   616 

ttruraipriva.  J94 

|iho9phDru»  cvnnpounda,  658 

tonic»,   768 
CACOtJylate*.  611    <M) 
Cactuk,    477 
Cailmium.   6j7 
Caesium.    55^ 
CafTca.    173 
Caffein  itroup,   !•>  to  174,  o8t    (6) 

PharmacoloKy.    148.   lAt 

Tbera}H:utica,    i6q 

Drverages.    1^1 

Materia  tncdtca,    t7J 

Te^lt.   836    (Cl 

lLV)>erinient«,    944 
Catlcin-chloral,    447 
Ciffeul    (cafTcon).    171 
i^'aiti^an  di»cafie.   4S4 
CaUbar  bean.   i8; 
C'alabarin.    3H5 
Calamus,   109.  724  (M) 
Calcium.  S«2  lo  M4   iM).  94J   (E) 
as   hemostatic,   SI  I 
aulplrjtr.    cxsiec.    756     (M» 

Calculation    of  dose*  and   dilutions, 
805   tT) 

o!>moiic   pressure,   etc.,    5^7,  W*   (C) 
Calculi:    acid*,    58s 

alkalies.    595 

alropin.   240 

oil,    7^0 
Ca1i«aya,   341    <M) 
Calumel,  646   (M) 

intt«tinal    anri»epttc.    j86 

cathartic,    WU 

cholagogue,  740,  868  (E) 

■liurctic,   8W 

i...iidt.  R6j  <E) 
C'aliimbo,  7^2  (M) 
Calx.    564    (M) 

cblorala.   38J.  ««    "M> 

hyHmta,    §64 

iiilphuraia,    675    (M) 
Calyx   (botany).   19 
Cama*.  3J4 
Cambium,   jo 
Cambttyia,  73;   (M> 
Camellia,    171   (  M  ) 
Camphor.   46i   la  IM    (M).  044   (H). 

«83    <B» 
Camphoric   acid,    24't,    IM    (M) 
Canadian  hemp,  497  (M) 
Can  ad  in.  209 
Cancer,   see   Carcinoma 
Cannabis.   S04»   307    (M);    940    fE) 
CannaTiinol.   .107 
Cannul*.  MB  <T) 

insertion.  807   (T) 
Canihandes.   708  to  T1«.   707    (M). 
9»S   (B) 


Caoufchouc,  31,  753   CM 
Capillaries, 

arsenic.    6ou 
Capwcin,  708 
CajHicum,  708  (M) 
Capaule*,  68 
Caramel,    loj  (M) 
Caraway.    toR   (M) 
Carbannnate.   3&0 
Carbo.  738  (.Nf) 
C^rboliydratei,   766    (M) 
Carbolic    aci>1.    SM   to   HAS.   see   PbenoL 
Carbon  dioxid   (CarlKinic  acid) 
Cm.  <5» 
Solution.   AM 
dibulpbid.  43* 

monoxid     (rarttonic     oxid).     48B*     852 
(C).  941    (El 
Carbunaiet.   581   to  584.  592  to   599 

maiena   medica,    597 
Carbnnization,   46 
Carcinoma: 
arsenic.  6Sj 
cauttica,  691 
chlorid!..   556 
conduranso,   713 
onboform.  244 
ray*.  714 
•trcpUH-occi,    710 
Cardamuinum,    iro    (M).    715 
Cardiac  depressants,  8St 
stimulants,    15U 
tunica,  481 

tracingtt,  (rt>$,  80a  (T) 
nervc>.    see    Heart. 
Cardol,   709 
Carjca.  758 

Carlsbad  «A!t   and   water,    6oj 
(  armin.   103    (Ml,   82A   (C) 
Carmitiatives.  7tt.  7^5   (M) 
Carminic  acid,   loj 
Carotid   artery,    808    (T) 
Carrageen.   755    (M) 
Catron  oil.  718   (Ml 
Carrot,    io8   (M> 
Caruni,  108  (M) 
Caruin   Ajowan,  J71 
Carya.  690 

Caryophyllum.    109    (M) 
Casein  i<k"U.  7*4 
Cascara    viigratia.    711    <M) 
Cascanlla,    7.'j    (M) 
Ca»iB,   104  (Ml 

fistula  and  pulpa.   7J0    I.M) 
senna,    719    (.M ) 
Castanea,   69<i 
Castor   bean,    304 
Castor  oil.   7^1*    (M) 
Castratturi,   3<M 
(.'ntalyiinK    agmU,   QlUt,   7;6 
Calapborcsii,    13s 

Catapla&ma   Kaofini,  751,   754    (M) 
CaiBplumata.  p 
Catarta.    <i97    <M) 
Catarrh :   alkalies,   597 
astringents,  686 
atropin.   339 
demulccnis,  750 
hydrastis.    ita 
r»!cch\i.   Mo   t  M  I 

Cntharticf;  'i:i^  lo  74<,  98^  (B) 

ult».  M«  iu  MA,  544  (M> 
Catharttti,    7^8 
Catheterization,   Kio   (T) 
Cathions,  'lefinition,    $j8 

acliuns.   Mi  to  DM 

altsorptability.    541 
C«rni)i,  697   (M) 


■ 

^^^~                       ^^^^^^^^^^^B 

^H^k 

Caulupfayllum.    51$    <M) 

Oilonnaied   lime,   188,   679   (M)      ^^^^^^B 

^^^^^^Hj 

Causticf,   Cautcriulion,   6U 

Chlormt-lhylmcnthylcTher.    443    (M)                   ^H 

^^^^^^^^H 

nicliillic.   681 

Chloro'Jviir.  7^^                                                    ^M 

^^^^^^^M 

volatile.   670 

Ubiorofurm:   401    to  40^,  4M  f  441               ^M 

^^^^^^^m 

,               thcraf>eulics,  MS 

rharma(.oluKy.    43<>                                                   ^H 

^^^^^^^g 

eJi|»crimctHi,  844  tO  848   <C) 
Cayenne  pepper,    708   (M) 
CeUndioc.   206 

AcL'itlirnU,    43^                                                        ^^^^H 

^^^^^^^ 

Choice,                                                                 ^^^M 

^^^^K 

Administration,  430                                   ^^^^| 

^^Hf 

Celery,    to8 

Materia   medtca,  44-'                                 ^^^^| 

^^HT 

Cells,  vtitetablf,  M 

55                                                        ^^^^^1 

^^B 

cimtenii,    19 

Idrnlificalton.   840    (C)                                ^^^H 

^^M! 

Cclluloce,   26 

Centigrade  thermomeicri,   37 

I'urity    testk,    83s    lC>                              ^^^^H 

^^B 

Experimeni*.  944   l£l                                     ^M 

^^H 

Cephnrlm.   309 

BiblioRrapby,  ytij                                                   ^1 

^^H 

Ccphuclifi.   jio    <M) 

Chlornf^irin-acetonc.    446    <M),    9I3    (B)           ^M 
Clilurophyll,   iu.    /9.   8i6   (C>                                   ^M 

^^H 

CephaUnthui,  7-15 

^^H. 

Cera,    7SJ    (M) 

Chlorofeia,   M7   (ironl                                               ^1 

^^B' 

(.erateft.   71.   75 j   (M) 

arsenic.  616                                                  ^^^B 

^^K' 

Ceratum.    753    (M> 
Cerium.  «84    f.M) 

IccitbiTi    and    photphorus.    6$8                 ^^^^1 

^^^n, 

manijancse.                                                         [^^^^H 

^^H' 

Cetaceum.   75^   (M) 

Organ   extract*.    301                                        ^^^^1 

^^H, 

Cerrana.   755    (M) 
Celylic  alcofiul,  j$j 

Chocolaic.   t7J.    174   tM)                                       ^H 

^^H_ 

Cholagnsuca.   73O.  7««,   »8s    <B);  tee          ^M 
Cathartic!.                                                   ^^^M 

^^^^1   . 

Cevudills,  Cevadin,  333 

^^^^^^ 

Chatk.   564    (M) 

Chu)rbthta»i<t,    vce    Calculi.                             ^^^^^| 

^^^^^V 

ChaKbenie    mineral    walcr»,    60* 

Cholera,   Haflkine  nclhua.  39^               ^^^H 

^^^^^r 

pill,  639    (M> 

^^^^1 

^^^^P 

Chamumtla.   107   (M) 

L'holera  morbus,   lec   DiarfhC4.                ^^^^H 

^^^H 

Chapped  tkin,    748 

Cbolin.  34$,                                                   ^^^H 

^^^^1 

Charcoal.    738 

Tor  decolorizing,   56 

Chondrudrndron,   745                                    ^^^^H 
Chnndrua.   75S    (M>                                       ^^^H 

^^^^1 

^^^^1 

CharcoiLeyden  cryatal*.   304 

Chorea:                                                          ^^^H 

^^^^^1 

Charia.  71 

arsenic,                                                       ^^^^H 

^^^^1 

Charmla,   66 

brumids,                                                               ^^^^^| 

^^^^1 

Chauliiioogra   nt],   770    'M) 

camphor,  464                                                ^^^^| 

^^^^1 

Chee.Ar,   aa  fuod.   763.  764 

277                                                         ^^^^H 

^^^^B 

Cheirantlms,  477 

phyfci»!iKmin.    278                                       ^^^^H 
Chromoics,  6]j    {M}                                      ^^^^1 
Chromic    acid    ilrlovitl),    $8«    (M)         ^^^H 

^^^^1 

ChcIcryThrin,    191 

^^^^1 

Chclidnnin.    191,    ^oA 

^^^H 

Chelidnnium,    jo6   (M) 

Chronic   |ioitoning.    treatmmt:                   ^^^^1 

^^^H 

Clieniic   anlidoici.   843    <C> 

^^^^H 

^^^H 

Chemic   constilulion    on    action   and 

ifidid,                                                                ^^^^1 

^^^H 

chcinic   effect*   of    druKs,    117 

pdocatmn,    279                                             ^^^^1 
pri)phylaK.i»   (metaU).  <sj                        ^^^^1 

^^^H 

Chemic   exercise*,    822   lo   809    i^C) 

^^^H 

Cheinic   solution,    JJ 

ChryMnthemum,    703,    700                            ^^^^H 
ChryMrohin  and  chryMpBuite  arl4.  tm     ^H 

^^^H 

ChemicaU,  table,  986 

^^^^H 

Oiemuiaxis,  456 

(M>                                                   -^   rv»      ^H 

^^^^ 

Chenxptidium.    746    (M) 

cathartics.   728                                                   ^^^H 

F 

Cherry  kcriieJa.   466 

urine.  84J  (C)                                     ^^^H 

w 

Liurel,   <7i    ^Mf 

Chrysotoxtn,    500,    5M.    $08                        ^^^^1 

H^^ 

ClifKinui,  690 

CictitA  and  cicuioain,  tti*  *T7                 ^^^^M 

m 

Ch<ryne-Sloke«     resi>ir.itirtn,    185 
Cliildrni.   d«-'*e,   and   idio»yncra*y,    I37 

4^5                                                                     ^^^^H 

^^H 

inni  on.    $54                                         ^^^^H 

^^H 

thili   laltpcler.    574    (M) 

Ciliary  movement.   799    fT),  ttj   Ctl      ^^^H 
Cimicifutfa.   7^4    (M)                                               ^H 

^^H 

Chillfi,  alcohol.  416 

^^^1 

Chimaphila.    367.  3^9   (M) 

Cinchona,    .141    (M)                                                 ^H 

^^^H 

Chtnaphenin,    341 

C<nchonin    and   CmcliMniditi,                         ^^^^^| 

^^^1 

Chinic  acid-,  see  Quinic  acid 

J34.  8*4.    337                                   ^^^^H 

^^^H 

Chtnoidin.  341 

inulena   mtrlica,    34J                                      ^^^^^M 

^^^1 

Chirala,   7^3    (M) 

Cine  honlsni                                                         ^^^^H 

^^^H 

Chloral : 

mntipytciics,    34t                                          ^^^^| 
phenol    and   ulkyUtca,    fAa.                ^^^H 

^^^1 

Pharmacology,   444»   401    to   406,   4J9, 

^^^1 

.434.  435.  44.1  to  450 

r]uiriin     3J5                                                         ^^H 

^^^1 

Materia  medicji.  446 

^^^1 

Teftt*.  840   (C) 

C.nnamic   acid,   88T.   it^   (M)                   ^^^| 
Cinnamnnum,    109    (Ml                                 ^^^^H 

^^^B 

rxprrimenlft,   944 

^M 

Bibliography.   983 
Chloral-amid.   446  <M) 

Cinquefoil.   690                                                 ^^^^^| 
Circulation,    kc    B!ond    liremvc.     BMI^^^^H 

^^H 

■camnhor.  446   (M) 
•imid.   44<i    tM> 

^^^^M 

^^H 

artificial,   model.   904    If,)                         ^^^M 

^^H 

•  fiirmamid,   446    (M) 

7'jr^  .T)  ^                          ^^H 

^^H 

-itrrlltiine,    447 

810                         ^^^^H 

^^H 

Chlor«lo*e,  447   <M^ 

Ctrcv                                         C4                                        ^^^^1 

^^H 

Chlorates.  07B  lo  877   (M).  831  <C) 

^^^H 

^^H 

Chlorctone,    23',.    «««    (M) 

Cilarin.  4ii    iM)                                             ^^^^1 

^^H 

Chloridn,   MS 

Ciiraicf.   5t7.  BT«    lU^,  ^j    <£)             ^^^1 

^^^1 

e»i.rction    and    relenlion,   Ui 

thromho«i«.   $\3                                          ^^^^H 

^^H 

in    fever,   $40 

on  calcbum.  849  <C}                                ^^^^M 

L 

Chlorin,  678.  679  (M> 

uo   kidney.  858   (C)                                    ^^^H 

^^^^^^^^^^          CAULOPHYLLL'M COPAIBA.                ^^^^^^^^^f 

^^^    Citric  acid.  591    fM) 

464                                             ^^^^^M 

^B                as  flavor,    iii 

strychnin,    158                                                       ^^^^^H 

^1             Citrine  ointment.  647    fM) 

Collargolum.    636    <M)                                                ^^^^H 

^M               Cilrm>hcn,   336   4M> 

Collection    lintc    uf    plants,    25                                         ^^^H 

■              Cilrultti!..   734    (\1) 
^^^     Citrus.    107,   10«   (M) 

Collenchynea,    35                                                                    ^^^| 

Colligativc  properties,   5^0                                      ^^^^^^M 

^^^^L    Clarification,  56 

Collodia,  bo                                                          ^^^^^H 

^^^B    Clark's   rule,    127 

Coltodiun.   and   flexile.   60    (M).    7SS              ^^^^^H 

^^^■^    Clasclftcation    of   drugs: 

salicylatum  comp.,   375   <M}                            ^^^^^H 

^V                pharmacologic,    120,    i2j 

aiypticuni.  A8S    (Mj                                           ^^^^^H 

^H                  toxicologic,    80 

vesicans,    708    <M)                                              ^^^^^H 

■             Claviccpf,   509    (M) 

Colloid  metals,  «06                                              ^^^^H 

^H               Clavin,  499 

Colloids,    properties,    etc.,    K30,   984    (B)                  ^^^1 

■               Clay.   754    (M) 

as  demulcents,   747                                                      ^^^H 

^B            Climate.  6<ij 

on  absorption.   i.*9                                                ^^^^^H 

^1            Clinical  observations,   124 

experiments,   940                                                 ^^^^^H 
Colocynthis   itia.   6),   734    (M)                       ^^^^^B 
Coloniba,  yjj   (Xl)                                                  ^^^^^^H 

^H             Clonic  spasms.    143 

^m             Clottins.   in  hlood  pressure  technic. 

■                        §14  (T) 

Colophony,  698  (.M>                                                       ^^^1 

^H                    solutions.  81s  (T) 
H             aovcr,  to6  (M) 

Coloring,    f-jj                                                                    ^^^1 

Coloring  matter,  vegeuhle.  30,  Sj$   <C)         ^^^^^B 

H              Clove*.    109    (M).   705,   7SB 

Columbian    spirit,    41  j                                            ^^^^^^H 

^M             Clysters,  see  IHnemata. 

^^^^^^H 

^^^^     Cnicus,    73S 

^^^^^^H 

^^^b  CoasuUnis,  All 

dirTcrcntial   diagnosis,    198                              ^^^^^H 

5B3                                          ^^^^^H 

^^^^    Coal-tar    drnvativrs.    MS    to    319.    gjg 

Cumhincd  anesthesia,  437                                          ^^^^^^H 

^f                   (C).  983  (B>;  Mc  Antipyretics  and 

Comminution.  44                                                          ^^H 

^M                      Aniisepticfr. 

Commiphora,    699    TM)                                                    ^^H 

■             Coal-tar  dyr«.  371 

Common   salt,    see    Salt.                                           ^^^^H 

■             Cobalt.  6j4.  (>ii   <M) 

Compound    licortce    powder,    729    (M)              ^^^^^H 

^H            Cobweb.  691 

CumprrHftrd   tablets,   69                                               ^^^^^H 
Concentration   on  action,    120                               ^^^^H 

■             Coca,   174.  >S8   vM> 

H             Cocam  groui):  tH   to  1E26.  981    <B) 

^M                  riurmacology.   ju 

Condensers,   50                                                                   ^^^| 

Condiment.   732,    JJS    (M)                                                    ^^H 

^H                   Toxicology.   jiS 

Conditions    affecting    aciinns    of    drugs.                   ^^m 

^H                  Therapeutics,   Jtg 

I2b                                                                                                   ^M 

^m                  Materia   inedica,   322 

Condurango,  7J0,  ItS  (M)                                          ^^H 
Confections,  OS,   itj                                                         ^^^H 

^M                  Sub»tilulr«.   J22.   jJ4    (M) 

H                 Tesu,   8j7   <C> 

Congiuft.   36                                                                         ^^H 

^H                 Experiments.   041 
^^^_     Coccutus.    177    <M) 

Conifrnn.    107                                                                 ^  ^^^B 

Contin   and  Conicum:                                              _^^^^^H 

^^K    Cmciis,   Cochineal,    IM    (M>,    Bj6   <C) 

IMtarmacitlujiy.    268                                                         ^^^^^^M 

^^^H    Coclilearia.            (M) 

^^^^^^H 

^^^^     Cock's  comb,  ergot  and  other  drugs  on. 

Therapeutics.   377                                                  ^^^^^H 

^F                    SOj 

Materia  mcdica,  284                                         ^^^^^| 

^H             Cocus    (patml,    174;   milk,    744 
^H             Cocos.  nnt   and  oil,   751   (Mi 
^H             Codein,  181  Ut  806   (see  morphin 

Conquinamin,  341                                                      ^^^^^^| 

Conseals.   69                                                              ^^^^^H 

Constipation,  7M                                                     ^^^^^H 

^L                    group),  l»l.  20K    (M),  837   (C) 
^^^H     Cod-tivcr   oil.    76<i    (M) 

^^^^^^H 

Consumption,    «ec   Tuberculosis,                          ^^^^^^H 

^^^H'  CorfTtcicni  of  ft<>liilttlity.  40J 

Contact    irritability,   554                                                     ^^^| 

^^B  CofTcT.  ni. 

Continuous   dose.    iJj                                                            ^^^H 

^"     Coffccgrounds    vomit.   6157 

Contraction    curve,    798    (T)                                           ^^B 

Cuitnac.   4^4    iM) 

Convalescence:                                                                                    1 

Coliosk   black.  734   (M) 
blue,  515  *MS 

alcohol,   417                                                                              J 

lecithin,  659                                                          ^^^^^^J 

Cola.   173    (M) 

^^^^^^H 

Colalion.  55 

Convallaria.  498   (M)                                             ^^^^H 

Colchicin  and  Colchicum,  SW.  941    (E), 

ConvolvuluB,    7J3    tM>                                                ^^^^^B 

08 J    (B) 

Convuliant  series.   14^  to   181                                   ^^^| 

Cold  as  local  anesthetic.  jj6 

summary,   177  to  1*1                                                  ^^H 

a*   cnunterirritJim.    7" 

on    temperature.    14^                                                         ^^^H 
Convulsions      isec     Tetanus):     location                  ^^H 

Cnid   haths.    in    fever.  351 

as   stimulant,   712 

and    symptoms,    146                                              ^^^^^^H 

Cold  cream.   753    (M) 

secondary                  147                                    ^^^^^H 

Cold  extremities,  nitrites,  47S 

647                                             I^^^^^^H 

Cold  swrat.   j8i 

^^^^^^H 

Colds:   aconite,   jjx 

Convulsions,   treatment:                                     ^^^^^^H 

alcohol,  416 

artificial    respiration,    148                                 ^^^^^^H 
brofflidft,    s68                                                         ^^^^^H 

camphor.  464 
diaphoretics.    183 

464                                                         ^^^^^^^^1 

morjihin,    201 

^^^^^^H 

nitntet.  416 

i77                                                                  ^^^^^^H 

uuinin,    3^9 

j^^^^^H 

Colic,    atropm,    »40 

morphin.                                                                 ^^^^^^H 

carminatives.   73a 

Copaiba,  7M   (M)                                                    ^^^^H 

ColUpaci  I7» 

843  (C)                                       ^^^^^H 

1                                 1050                                                                        ^^^^^^^^H 

1                                                  Copper.   687.   «j8    (M) 

;j8  <M)                    ^^^^^^^H 

I                                                           as  rmctic,   31  S'   683.  941    (£) 
^                                                     puriticaiion   of   water.   j8i,   6jr 

tiglium.  7^8  (Ml  ^^^^H 
Croup:   allcaUefl,   S97                               ^^^^| 

^^^L                                 Copperas,  3^3 

emetics.  313                                       ^^^^H 

^^^M                                  Copiis. 

fermcnu.                                                ^^^^B 

^^^^H                                    Conainvrtin.    iji 
^^^^^^                                      Curiaiiacr.    iu8    (M) 

acid,    591                                     ^^^^^B 

279                                     ^^^^H 

^^^^B                                Coriaria.   175* 

CrucifcrjT.   70S                                          ^^^^| 

^^^^B                                  Coriainythin.    17s.    )77 

Cryptopin.  ^^^^^B 
Cryslalltzalion,                                          ^^^^^B 

^^^B                                                i6 

^^^^B                                      Cormus    (biitany),    18 

Crystalloids,  511  ^^^^^| 
CulKba.   700    (M>                                     ^^^H 

^^^^^r                                   Com  cockle,    5tj 

^^■^                                                  S47 

Cucurhita,  744  <M}  ^^^H 
Cudhcar.    IM    (M),  8i6    (C)               ^^^1 

^^H                                       smut.  509  (M) 

^^^1                                               starch.    767 

^^^B                                     Corna:  salicylic  acid,   J73.   375   <M) 

Cutvrr'*   roTil,              (M)                              ^^^^^B 

Cuminum.    108  <M)                                ^^^^^B 

^^^B                                   Cornus.  690 

Cumulative  action,    tji                             ^^^^B 

^^^B                                   Cornuiin.  500,  MM.  507 

Cupping,    71 J                                             ^^^H 

^^^H                                   Corolla,  19 

Cuprca.    34'                                                               ^B 

^^^B                                     Corrective,  gj 

Cuprum,  see  Copper:  €ti,  (18  (M»  ^M 
Curare   group.    SM    to   tSS,    jB«    iMj       ■ 

^^H                                  Corrosive  fuhlimate.  64^  (M) 

^^^B                                  Corrosive*   <Me  Caustica),   Mt 

94^  (E».  9^'   <fi>                                   ■ 

^^^H 

Curcuma.    108    (M),   8^6    IC)                         ■ 

^^^B                                     Corylux.   690 

Cuspana.  7-14  IM)  V 
Cusso.  745    tM> 

^^B                                    Coryca    isee   Colds); 

^^^1                                          atrupin,   339 

Cutaneous    irritalion.     thcrmprano.    7U 

^^^H                                              coram,   J20 

to  71* 

^^^M                                       eucalyptot,   702 

Cutct).  6H9  (Ml                                              ^ 

^^^1                                       antiiirpticf  and  alkalictt 

^^^H                                   Coam,  7*i 

^^^H                                         Cost   of   latiuralory   couim,   791    (T) 

Cyanids.  4M  to  47|.  470   <»>.•«   \Q^M 

H5.1  *c>,  <>43  >:ej.  994  (u>       ^^M 

mercury.    647    (M>                                        ^H 

^^^B                                   Cotamin.  210.  Jii    (M) 

Cydonium.   754   (M)                                         ^B 

^^H                                      Cuto  and  cutotn.  689   <M) 

CynogluMutn.  jj*.  ^^^M 
Cystitis ;  see    Lretbntis.                         ^^^^B 

^^H                                         Cotton.   735    (Ml 
^^^1                                          -fOtX  hark,  509   <M) 

Alkalies.   595                                               ^^^H 

^^^1                                             -seed  oil,   7$0   (Mj 

diuretics.   548                                            ^^^^B 
tnrthylrn   blue,    J7J 

^^H                                   Cotyledon,    19 

^^^1                                         Coucti   grass,   347 

^H                          Cou(th:  am  to  jfiB 

urr»iTopin,   .185 

volatile  vils  and  balismi.  70a    ill) 

^^^H                                          mixtures.   519   (M) 

Cytisu<>.    i85    IM)                                                    H 

^^^H                                         ammnninm,    561 

Cytolyeins,  398                                                     ^M 

^^^^                                      airopin.  jj7*  ''39 

CyiotOKins,  390                                      ^^^B 

^^^B                                      creofwitc,   j68 

^^^^^^M 

^^^H                                             cyanid,    470 
^^^B                                         demutcenis,   750 

riailv  dose,   tj?                                         ^^^H 

Dandelion,  tjj  (M)  ^^^H 
DaphDc.   ?oti    iM>                                     ^^^B 

^^^H                                          murpliin  K^vxp.  joo,  aoi 

^^^H                                              iiauM-iiiitk,    312 

34'   (Ml                                      ^^^B 

^^^H                                          pilocarpin,  279 

Diiii.  ii«.            iM>                                     ^^^^B 

^^^B                                      pyndin,    J64 

XM  rso        ^^M 

^^^B                                          turpentine,   69S 

'19                               ^^M 

^^^H                                          volatile  oils,   703   <M) 

^^H 

^^^B                                      Coumahn,    to; 

Dcl>ii>t>;    Akuliu't.   47                                  ^^^^B 

^^H                                       Countcdrritation.    IIS  lo   719 

^^^^B 

^^H                                          mechanicnt    and    physical,    7I#   to    114 

DtL-..L-li<.n«.    «t.  *■                                           ^^^H 

^H                                              volatile  oils,  tt?   <M> 

!■                        ft     f6 

^H                                             Court   piaster.   754    (M) 
^^B                                          Coussin,    74^ 

1'                      <    or    dni«i    in    U>kf,    •%! 

^H                                       Cowling's  rule.   U7 

l>c<.<iiii;K>4ilion   leoftion.    ssi                              ^| 

^H                                          Cramp   hark,    510    (M) 

Detection   uf  |>niM>n,  •!    I*  11                        ^H 

^H                                              Cranberries.   690 

Detihrjnated  animals.  811  (T>  ^M 
r>e6hrtn«tion  of  btoo^  tuo  (T)                ^B 

^H                                       Craneshitt.  689  (M> 

^H                                         Cream   of  tartar,   ^4^.    586.   588    (M) 

tVtirium:                                                                   ^^| 

^H                                      Creattn  and  crcatinm,  762 

2jB                                                 ^^^^fl 

^H                                      CrenAtioii,  854   <C) 

hrtimids,                                                        ^^^^^1 

^B                                        Cieulin.    366.   367   fM) 

hyoscin.                                                        ^^^^^1 

^m                                      Creosol.  368,  369  (M) 
^m                                         Creosote.  S6i  (Ml 

^^^^^1 

neliritim   cordis.    891                                    ^^^H 

^^B                                              in  tuWrculosis.    786 
^^B                                                       carlionat?.    j/n  jM) 
^^fl                                          Crcosotal.    1711    (Ml 

Delirium  tremens.   4t3                               ^^^H 

llelphinm  and  delphmtitat  ii*  ill^^^^^ 
Demuloents.    747   to    tft*.    8&1    (El.  Mft 

^H                                       Cresol.  3I«9.  366  (M) 

^H                                          Crcaoltn.   366   fM) 

TV'-.f--"--     ««ui                                                             J 

^M                                              Creta.  5A4   (M) 

4%  (O                     ■ 

^H                                       Crettnisni,  395.  J99 
^B                                        Crocus,    103  (Si) 

^B                                        Croton  bran  <crotin),  309 

^vr.  808  <                  ^^^B 

■                                                chloral,   446    <M) 

.  dr;.^-                ^H 

^B                                                     elnrcna.             iM^ 

j^^^^H 

1 

COPPER  —   DYSPEPSIA. 


XO5I 


■ystemic,  MS 

rnu"*,   70Q 
Dermatol,  621    (M) 
De8[)iccation,  44.  46 
Dc*«crt   »|>oon,  36 
U«trr|{cncntt.    uuonjns,    514 

soaps  and  ■lUalica,  673 
Dextrin.   767    (M) 
IVjtirusc.    105    (  M  ) 
Diabetes  insiiiidua: 

antipyretics,   J46 

amylen.  44S 

iirychntn.    160 

suprarenal.    395 
Diabetes  mellitus: 

alkabes.  58 j 

calcium  and  magnetiuni  excretion*  56^ 

coma,  0*3 

diaphoretics,    2B3 

lecithin,  639 

jambul,   770 

mercury.  64a 

morphin   group.   20j 

•ugar.   etc.,    104 

vanadium,    61 H 
Diabetin,   7<*6 
Diachylon.  6^4    (M) 
Diacrly morphin,   J05 
Dialysis.  1^6 

Dialyzed   iron.    630    (M) 
Diaphurcticif,  2M  to  20S 
Diaphtherin.   376 
Diarrhea:   >M 

acids,   584 

alkalies,    594 

astringents,  687,  690 

atriipin,   J40 

bismuth.   621 

caihanica.   741 

morphin   i:roup,   300 
Diatanc,   759 

Dtastnlic  standaiill  of  heart,  B99 
Dichopsis,  753   (M) 
Didrmin,    1U4 
Diet.  1(11  to  19H 
Diffusible   stimulanti: 

ammonia,  561 

camphor,  464 

ether,   441 

olfactory,  695 
Diffusion.   i32 
Digestion   (pharmacy),  $3 

ttherapeutics),    7W»   to    761 
Digestive    ferments,    TM  to  704 
Digitalein.  478.  4^9.  407    (XU 
Digitalin,  ^78,   479    (M) 

commercial.  479 
Digiialiresin,  478 
Digtlalis  ftruup.  «77  to  4M*  984   (B) 

Aleinbcrs    and     compnsilion.     and     de- 
comiM>silion    pnHjucts,    477    to   479 

Pharmacology.  478 

Toxicology,   48B,  490 

Therapeutics.   490 

Materia   mcdica,  496 

Tincture  and  Infusion,  478.  487.  489. 
497    <M) 

Test*,  838  fC) 

Standardiution,   833    (E) 

Experiments.  045 
Digitin,    digitoflavon,    digitardiyllin.    478 
Digitoicin.   478,   *••.   497    (M) 
Dirodoform.  68«,   681    (M) 
Dill,   ro8    (Mt 

Dimcthyloxychiniiin,    354    (M) 
Dimethyl  xanthin,    161 
Dionin.  181  to  Jo6,  191«  aos   (M),  941 
(E) 


Dioxypurin,    t6t 

Diphtheria   antitoxin.    SVS.    395    (M); 

*ec  Cfuup 
Dipsacus,    72$ 
Dtptcrtx,    107    (M) 
Direct   effects  of  drugs.    133 
Directions    (prescription).   93 
Discovery  of  alkaloids,   34 
Disease,  modifyintt  the  action  of  drup, 

134.   uS 
Disinfection.  »M  *o  8»7 
Disintoxication,    120,    ISO 
Dispensatories,    33 
I)i9|ren9ing.  Hj7   <C) 
Dissociation,    B87 
Distillation.  49  to  51 
Distilled   water,   536 
I  'irhymol    diiodid.    681     TM) 
Diuresis,  experiments,  MS.  931 
Diuretic   factors,  9^6 
Diuretics.  54«  to  MB 

volatile  oils,    701    iM> 
Diurciin,    174    (M  I,    :ice    Theobromin. 
Dock.  690 
Dogwood,   Florida.  690 

Jamaica,  J7j   (M) 
Dome*tic   measures,    36 
Donov;in'*   sulution.    617    (M) 
1  *oirma,    107    ( M) 
Uormiol.    447    (M) 
Dosage  on  effect,   lao,   ISA 
Duscs:     average,    table.    IVlt   to   1031 

calculaiitm,  •OS   (T) 

children,   u? 

maximal,   table,   M.  07 

minimum,  etc..    1^7 

pharmacopoeial     preparalioni.    79 

relative  to  administration,    134 
Dotes  for  antmalK.  MO  to  OSO 
Dover's   powder,    syrup,    tincture,    «03 
liMi,    310 

as  diaphoretic.    283 
Dragendorff   method.  M 
Drasiics.    7j6;    sMrc    (.'at hartics. 
Drops,  siie  of.   36 
Dropmarker.   818    (T) 
Dropsy,    see     Kdemn. 
Drugs   commonly    used   in    experimental 

technic,   8jo   (T) 
Drums,    703    (T) 
Drying.    44,    4<i 

exi:tg>ed    tisiues.    frogs,    797    (T) 
mammals.  8^0   (T) 
Dryobalanops.   465 
Drvopteris.   744   fM) 
Dubolsia,   jj7,   tlI8 
Dulcimoie,    105   (M) 
Duotal,    370 
Dusting    powders:    384 

Bismuth    type,    631 

Iodoform   type,   679   to  681 

Inert,    749    (M) 
Dyes,  coal  tar,  911 

vegetable,  lot   (M).  8a6  (Q 
Dyscrasia,  alteratives,   768 
Dysentery   (see  Diarrhea) 

alkilie^,   597 

ammonium,   $62 

ipecac,    308.   309 

permanganate,    577 

viburnum,    510 
Dysmcnnrrhcn.   510 
Dyspeptia,   7B0  to  701 

acids,   585 

alcohol,  41B 

alkalies,   594 


I052 


roEx. 


anriwpiic*.   jBs 
cafitcin,    170 
camphor,  465 
cathartics, 
climate,  604 
cmrtici.   J13 
ferments,    757 
ipecac,    309 
olive  oil,   750 
reforctn,   J67 
»alt,    5i9 
Blomacnics,   ~2t 
water,    5jti 

Easton's  syrui',  6ji    (M) 
Ebonite.   753    <  ^' > 
Echallium,  734  (M) 
Ecbolica.  M» 

volatile   oil*.    703    (M) 
EcRunin,    223 
Echinacea,  770   (M) 
Eclampsia   (see   Uretnial: 
nitrites,  ^76 
saline  iniection,  539 
Ecleitic   resinoids.  64 
Edema : 
cafTrin.    170 
calomrl.   684 
cathartics.   743 
diaphorelics,    aSx 
digitalis,  490 
ditirettcf,   548 
pilocurptn,    37$ 
sails.    5J4 
Eel    seruTTi.    399 
l-"f[crvr*ccnt    salts,    67 
E((g»   as    foiid,    762 
EgiEyolk:    as   emulsifier.   66 
lecithin,   6s9 
iron   in,   6i8 
i:i;cv.hiie   as   aniidote.   •©,   844    (C) 
Khrlich's   theory,    389    to    391 
l-inori,    680.  68j    (M) 
KkjiiinUifonn,   680 
Fl;.stica,    75*    (M) 
Klalcrin    and    elaleriiun.    734    (M) 
Elder  6uwcrs,    107   (M) 

pith.    27    tFifT.    5) 
Electricity,   therapeutics.    713 

on    colloids,    <;^i 
Electrwles,  79J   (T) 
shielded.   SoS    (T> 
Electrolylcs.    (trfinittun,    $29 
Electrolytic   duihiciati4>n,  5J7 
Electron  actions,   M*  to  OM,  984   (B) 
Electrons,    \jH 
Electuaries.   65 
Eleopicnc.   33 
Eteosacchara,   67 
Elettaria.    no 
Elixir  ad/uvans,   iir    rM) 
aTomaiicum.    111    (M) 
cinchona,    ferri 
et    strychnine,    34J 
corrigens.    226    (M) 

'";•    *l"'"'    "    "irychn,,    phoiph.,    161 
(M) 

Itcntianx,    tti    (Ml 

picis   comp.,    5ig    (M5 
Eliairs,  M 
Elm. 

Flutriation,   41^ 
Emhryontc   hcarl.    8ni    (T> 
£mesi».     SOU     lo     3lt,     ^gj     <Jt}      (,«( 
Hy|>ercmcsis) 


<E) 


Physiolonr,  306,  308,   |i« 
Animals   incapable   of,   jotf 
Mcasnrcs,   ji  1,    314 
Metallic,   683 
Thcra|>cut)c    uses.    31J 
Ex^crimenLs.  867 
Emelin,    jog 
EmmeiiaKOgues.   WW 

manganese,   6j^ 
Emodm,  It*,   8^5    iC) 

in   iinne,  843    i"C) 
Emollients,   *lt   t*  l&A,   861 
Ktnt'liy^cnia,    »ce     Asthma 
Empiric    therapeutics,     141 
EmpUstra,    71 

formulas,   ?SS    (M) 
Emp!astnim    catefactefta.    706 
Emprosthott^nus,    t  s  S 
Kmpyrofurin,    371     (M) 
Emulsin,  46A 
Emulsions,  <A 

Encephalopathia    ivtarnina.    651 
Enemata,   (33 
laxaiivr,  738 
nutrient.    767 
ftren||;th    of,   69X 
Eaterokinasc,    758 
Enrymes,  756,   see   F«nnnit^ 
Epicarin.   376.   .77    (M),  709 
tpllcpsv,    M7    (bromtd^    etC.> 
camphor.  464 
bydrastis,   Jio 
nitrites.   476 
phyM»stigmin,   J78 
picrotosin,    177 
potassium.   $6$ 
santonin,    746 
silver.   635 
xinc,  638 
Epinrphrin,   He  Snprmmul. 
Epispasttis    661 

Einstaxit,   all 

Epsoni  salr.  5^5  (M) 

Ei|uimnlecular,   St8,   524 

EiUnnsinoiJc,    ^.-8 

Equipment :     Animal    vorfc.     7M    t*    Ma 

Chemic   work,   7S0  to  tM 
Equivalents  of  metric   and  orJieu^  ai» 

lem*.  a»  ' 

Erelhismus.   A41 
Eiftochrysin,   500 

Ergograph  ex(>ertfnfnt»,   KM    (E> 
Ergot,  m  to  «0».  984   (B) 

Culiiiiositinn,    499 

Pharmacology,    500 

Tosicolntfy.    504, 

Therap(«1»r^,    ^07 

^   f  ^  '41 

Zrp.  .1. 

ErgoliMi.-    irnl.    500,    OM 

KriinKntn.    XuO 

ErifMlr'ni.  8<M 

Erict  \i) 

Eri-'  fM>.    703 

hrrli  ;-    ,Cl 

Erv! 

Ery>  .^1 

trytir  ...  ■'  • 

Erylhiorctiii,    p ^it 

Eryihroxylon.   ajj 

E»char.   6<Sj 

Esendin.   185 

Eserin,    »cc     Physosticmla 

Essence,   see   SfrirHua. 

Eaacniial    ofliL    aec    VMalJk    oili. 


^^^^^P                                 DYSPEPSIA  — 

FOENICULUM.                            EO53            ^| 

^1                   Ether    (sulphuric),  sec  Chloroform;  401 

nicotin,  J65                                                       ^^H 

■                             to  406.  4S«  to  448    \M),  983   (B) 

^^^H 

^H                        a«    ftolvent,     ;$ 

l-'atK,    /o;    are  Obesity  and  Oils.                           ^^H 

^H                         punly  tests,  8j5   (C) 

as  emollients.  751    (M)                                           ^^^H 

^m                      cxr>crimcnts,  g44 

as  foods.  76)                                                             ^^H 

^H                   Ellicreal  oil.  443 

mineral,  75'  fM)                                                 ^^H 

^H                      tinctures,  bi 

absorption   from  skin.  747                                      ^^H 

^m                  Ethyl  broniid.  4SA,  443  (M) 

Fatty  degeneratton  of  cells,  *S0                              ^^H 
Feeding   bulbs.   S04    <T}                                             ^^M 

^B                        chlonil.    4^9.   4J4.    4U,   44J    (U).   944 

■ 

Fel  hovis,  74'»   (M)                                                      ^^H 

^^1                      morphin.  20$ 

Femoral   vessels,  dissectton,  809   (T)                     ^^^H 

:^H                      nitntc.  477   (M> 

Fennel.   108   (M).  j^i                                            ^^H 

^M                     oxid.  44J   1M> 

Fenugrcclc,   109  iM)                                                    ^^H 

^H                  Ethylatc  uf  sodium,   597   (M) 

Fermentation:  756                                                        ^^^H 
^antric,    see    Dysnepsia.                                               ^^H 
intestinal,    see    Diarrhea.                                           ^^^H 

^H                  Ethylcn  bromid,  4J6 

I^^H                  Ethylen  Uiamin,   596 

^H                  Eticain,   2^4   (M> 

Ferments                                                                                ^^^H 

^H                    Eucalypti    gumtni.   689    (M) 

digestive.  IM  lo  IW                                              ^^1 

^H                   Eucalyptot.   702    iM) 

tndl-ganic,  467                                                            ^^H 

^H                 Euailyptus,   70^    IM) 

mclallic.  606                                                          ^^H 

^H                  Eudoxin,  6S0,  681    (M) 

evanids,  467                                                               ^^H 
theory,    521                                                                 ^^^H 

^H                 Eugenia.  109  (M) 

'^H                  EuK«nol.  no 
^H                  Eukasin.  764 
^H                  Eulactol.     764 

drugs  on,  848  to  850  (C)                                     ^^H 

Ferratin,    631    <M)                                                            ^^H 

Fcrralogen,  63^   (M)                                                   ^^H 

^H                   Eumydrin.  244   <M) 

Fern   Itydrox.  c.    Magn,    ox..  62B    (M)                  ^^^H 

^H                   EuonymuA.  489.  498  (M) 

Fcrri-   and   fcrrocyanids,   466,  M4                         ^^H 

^H                           EupatOriuTT),     J3S 

Ferric  alum,  629   (,M  >                                                     ^^^H 

^H                  Euphorbium.   70S    (M) 

Ferri-vitcllin,  631    (M>                                               ^^H 

^m                    Rupliorin.   J55    fM) 

Ferripyrin.   691    (M>                                                         ^^^H 

^B                   Euphthalmin.  3x4   (MV  t«4 

Frrr\im   and  salts,  sec   Iron,   628   (M)                   ^^^| 

^H                  Euquinin.   wo.  342  (M) 
H                  Europben.  680.  681    (M) 

Ferula.   107   (M),  697   (M>                                        ^^M 
Fever,   treatment,  HM   (antipyretics)                   ^^H 

^H                 EvacuAnts.   7jv   «ee  Cathartics. 

acid'^,                                                                       ^^M 

^H                  Evaparalion.   47   to  49 
H                   Exalfiin.   355   (M) 

322                                                       ^^^H 

alcnhol,    415,    416,   418                                                ^^^B 

^B                    Exanttieinata   from   drugf,    187 

antiseptics,   385                                                          ^^H 

^H                    E«cipi«nta,  68 

cardiac    depressants.    32a                                           ^^^H 

^H                  Excised   organ*.   exp«riineni5.    819    (Th 

chlorid    excretion.    S4o                                        ^^H 

^B                    oji  (E) 

digitalis.  496                                                               ^^^| 

^H                 Excitnbitiiy    of    raiiicle    tnd   nerve,    79^ 

emetics.  3t3                                                           ^^H 

B 

mornhin    group,   20a                                                    ^^^H 

^H                 ExciUlion,    119 

nitrites.  475                                                                     ^^H 

^H                 Exerciw.  710 

quinin,  338                                                                 ^^^H 

^B                   Excretion. 

vcratrum.  338                                                             ^^H 

^H                      of  roetals.  607 

^^M 

^B                     of  snlts.    SSS 

Exercises,    see    Temperature.                                ^^M 

^H                      experiments,   862 

Feverwort,    nee    Kupheorium.                                        ^^^H 

^H                  Exhaustion   (fatigue),   119 

Fibrin  ferment.  840   (C>                                            ^^H 
Fibrous    tissue    proliferation,    todid.    y^a               ^^H 
Fihrovascular  bundle.  29  (Figs.  9  a   to)              ^^^H 

^H                      (druRi),    S4 

^H                  Exot»hlhaIniic    goitfr,    *t» 

'^H                 Expectant  rrcatmmt,  140 

Figs.                                                                                  ^^1 
Fiticic  acid.   FilicJn,  744   (M)                                ^^H 

i^H                 ExpectoranU,  All 

i^H                      ammonium,  361 

Filix  mas.  744   (M>                                                     ^^M 

'^H                  Exposure,  alcohol,  417 

Filmarun.  745                                                                ^^H 

I^H                   Expression    (jiharmacy),    55 

Filter,    folding.   8^7    (O                                                ^^1 

^H                   Exlracta   liqtiida,   63 

Filtration.   $5                                                                        ^^H 

I^H                  Extractive    matter,   definttton,   15 

in    absorption,    $33                                                       ^^^H 

^H                     on  absorption,   12^ 

Finsen  treatment,  387                                                 ^^^H 

I^H                  Extracts,  fluid  and  solid,  93 

poisonous.    107                                                     ^^H 

'^H                    schema.    ^7 

Fi»til>erric5.    177    fM)                                                        ^^H 

^H                Extractum  camis.   763   fM) 

Fitcd   oils,    in,   750    ( M)                                                  ^^M 

^H                   Eye.    cauatics    in.    661,    9ce    Pupil- 

Fliiw.ring,   100  U»  lis                                                        ^H 

^H                  Eye-washes,  strength,  69J 

tundcnsp*!    rules,    101                                                     ^^H 

^H 

materia  meilica,    102  tO   ita                                  ^^^H 

i^B                Fagui.  368  (M> 

Flaxseed.    7^4    (M)                                                            ^^M 

7io   (M)                                                                     ^^M 

^H                 Fahrenheit  »cate,  37 

^H                   Fainting,    see    Syncope 

71                                                        ^^H 

^H                  False  angostura,   160 

Fleabane.   (^97    (M)                                                      ^^1 

^H                   Fat  »olvents,  SA 

Flos    (flower).    19                                                          ^^H 

^H                    Fatal  (1n»r.    127 

Flowns  of  sulplnir,   675    (M)                                     ^^H 
Fluidextracrs.  «S                                                       ^^H 

^B                  Fate  of   poisons  in   body,    LM,   B63   (E) 

^B                  Fattgue,   definition,    119 

Fluorescent  suhstancca,   114                                      ^^H 

^H                    alcohol,  408 

Fluorids.   573    (M)                                                        ^^M 

^H                      calTein,    172 

Flybi«ter,    7t8                                                                 ^^^H 

^H                      cocain.    Jij 

plaster,  708                                                                 ^^M 

^H                      experiments,  799   (T) 

Foentculum^  jt$                                                          ^^H 

^^^^1         I054                                                        ^^^^^^^^H 

^^^^^^^^H                              1 9 

General  action.    1  zj                         ^^'^^^f 

^^^^^^^^H                Food   prr4«rv3tivM,   S8S 

Gencml    anrslbesta:    tv    Ast«9dbcafl^^| 

^^^^^H               Fuod».   ?•!   to  1W 

combined.   437                                        ^^^| 

^^^^^^^H                                       737 

Gcniiana.  jtj   <M>                      _^^^^M 

^^^^^^H             Foot  bath*.  713 

^^^^^B               FonnaMehyd.   j8j.   jgj,  4M  t*  45S,  4$' 

Geosot,                                            ^^^^^H 

Geranium.  689  lM)                       ^^^^H 
Germicide*,  U#                               ^^^^^^^M 

^^^^H                             B4«  (C> 

^^^^^^H                                B41 

(tetun,   ;ji                                           ^^^^^^^M 

^^^^^^^^H              FomiAlin,                      (M) 

Gigartina.  7^$   (M)                       ^^^H 
GihL   397                                              ^^^^ 

^^^^^^^^H              Formanitid, 
^^^^^^^^H              FormJn, 

Gin,  411.  4/4.  41s  (M>,  7«x    (M>          1 

^^^^^^^H              Foster's  chlorid  theory,  556 
^^^^^^^H              Fowler**   Hilution.   617    (H) 

Ginger,   7j6                                                                J 

Ginseng.    109.  *t4   (M>                           ^^ 

^^^^^^^^H               Foxglove. 

Glands.  37S.  907    <E>                                 ^^M 

^^^^^^^^^^             FracturcA,  thyroid  in.   599 

Glass- tublntt,   flo6                                  ^^^^^M 

^^^^^^^H                phosphorus. 

Glauber's  mIi,  54s  (M>              ^^^^H 

^^^^^^H            FranffuU.   731    <M) 
^^^^^^^H              Frankincense,            (M) 

^^^^^H 

^^^^^^H 

^^^^^^^H               Frasera.   7^5 

physostigmin,  £7%                       ^^^^^^H 

^^^^^^^H                           72s 

jHo                                 ^^^^^^H 

^^^^^^^H                           737  (MT 

Glnnotn.             (M>                               ^^^^H 

^^^^^^^^^B             FrcczinR   for  anesthesia,   tti 

Gluco»r.    jj.    IM    (M)                                  ^^H 

^^^^^^^H             Freejcinf;   point,   method.   527,   U7   CC) 

Gluco^ids.  2$                                          ^^^H 

^^^^^^^B                  of  body                529 

Tests.  8X8  iC).   83S  (C)          ^^^H 

^^^^^^^H                                    533 

Glufti'lum.  los  (M)                        ^^^^H 

^^^^^^^H               Friar't   balsam,   699    (M> 

Glutoid.  68                                       ^^^H 

^^^^^^^^H              Friction   as  cuunterirrttant,   710 

Gtutol.  45J   (M>                                   ^^^^M 

^^^^^^^H              Fright,   death    from.  433 

Glycerin:    7SI    (M)                            ^^^^M 

^^^^^^^H              Frog-board.            (T) 

^^^^^1 

^^^^^^M                            797 

emollient.                                       ^^^^^^^| 

^^^^^^^H              Frogs:    teehnic   of    experimenu,    tBS    to 

food.  766                                        ^^^^H 

^^^^H 

32^                           ^^^^^^H 

^^^^^^^H                  detaiN         evperimenlft.  U*  to  Ml 

5J.   79                                   ^^^^M 

^^^^^^^^^K              Fructus                     19 

•upp^oi'Orirs.    738                                    ^^^H 
Glycerina  and  glycentA.  ••                ^^H 

^^^^^^^H                            as 

^^^^^^^H                 as  cathartics, 

filycentum  amvli.    7 S3    'M>                      ^^^ 

^^^^^^^M             Fuchsin,  37J 

Glycerinopliosp'hatrs,  ttS.    65*   |M)           j 

^^^^^H                                to3    (M> 
^^^^^^^H             Fundulus.            550  10 

Glycrrttum  fer.  ijuin.    ct   stryciL    bhaMka 

161  (.M>                                ^^H 

^^^^^^^^H                                41J 

Glycogen,  poisons  on.   6t|                     ^^^| 

^^^^^^^H 

Glvcosuria:                                               ^^^^^H 

^^^^^^^^H                                   sulphid,  675 

Pancf  eatJc,  i^oi                              ^^^^^^H 

^^^^^^^B                         301 

Phlorrfaitin,  30a                         ^^^^^H 

^^^^^^^H                                         41 1 

Asphyxial.  303                            ^^^^^H 

^^^^^^^^H 

Suprarenal,  etc..   J9J                           ^^H 

^^^^^^H             Gadus.  766 

ExjKiimcnts,    870                                      ^^^| 

^^^^^^^T              Galactogen, 

Glycuronic   acid.   STT,    S70    (£>            ^^H 

^^P                                  Galanga,   7j6 

Glycyrrhiza,   105   (M)                               ^^H 

^H                                   nalbanum,    107    (>f) 

Glycyrrbixin,  ammon..   105    (M)         ^^H 

^H                                 Galenicals,   33 

Gnaphalium.   ;oi    <M>                             ^^H 

H                              Gallstones   (see  Calculi) 

Goa  iKiwder.  709  (M)                              ^^M 

^H                                     emetics.  314 

Goiters,   J9B  to  300   (thjrroid)           ^^^| 

^H                                     ptlocarpin,   ^79 

iodid.   571                                          ^^^^^H 

^H                                     olive  oil.  750 

iudin,                                                 ^^^^^^H 

■                                 Galla.  689   iM) 

Gold.   637    (Ml                                  ^^^^H 

■r                                   Gallic  acid,  6M   (M).   B^i   (C) 
^H                                Gallolannic  acid.  688  iM) 

Golden  seal.  Jii    (M)                     ^^^^H 

l^^onorrhea.  700                                     ^^^^^H 

^H                                Gambir,  6t<9   tM) 

Gossypii  cortex.    509   (M)             ^^^^H 
Gossypinm,  75S   Od)                         ^^^^^M 

H                                Gamboge.  7J5   (M) 

^H                                   Garcinia,   735    <M) 

<Kiulard's  exiracf.  ^sj    (M)                ^^^| 

^B                                Gargles,  385.  693 

Gout:  alcohol.   415.  430                            ^^^| 

^H                                        strenglh.   69; 

597                            ^^^^H 

H                              Garlic,  705  (M) 

H                              Gases.  M  ^»  4«1,  983  (B) 

^^^^^^H 

dtanhoretics.  383                           ^^^^^H 

^m                                     application  to  mun-le  or  nerve.  Ttfj  (T) 

jodin,                                                 ^^^^^^H 

■                                 Gasolin,  437.  443    (M) 

650                                         ^^^^M 

^m                                  Gastric    catarrh.    7M,    see    Oyspeiisia. 

^^^^^H 

^^L                                       ulcer,   orthoform.   334^ 

763                             ^^^^^H 

^^■^^^                      Gastrocnemius   preparation,    797    <T) 

^^^^^H 

^^^H|                     Gastroenteritis,   by  druf*,   M7,  868   (E) 

J99                               ^^^^^H 

^^^m                     Caultheria,    109   (M) 

urate  deposits.   580                       ^^^^^H 

^^H                     521 

Gradiiatrs.             41                                    ^^^^^^H 

^^^^H                          Grlaiin:    Itemnntatic,    811.    984     fB) 

Grain,   gram.   35                                    ^^^^^H 

^^^^^L                          demulcent. 

Gram-molecule.    6SA.     cx4                     ^^^H 

^^^^^1                          food.    76Z 

Grammar  of  preacrifitiooi,  a*          ^^H 

^^^^^g                        materia  medica,  755 

^^^m                     Gclsemnim.  tf.   j^   <M),  98a   (B) 

Granatum.   745    <M>                                 ^^1 
'iranular    etfrrvcoccnt    aoSto,    4y                ^ 

^^^^^^^^^    FOLIA —  HEXAMETHYLENAM^^^^^^  IOS5 

Granulri    (pharmncy),    67 

nitrites,  475,   476 

nra|>c-»ugir.    105 

oxygen.  435 

Graliula.   7^5 

spartein,   J78 

Gray  powder  and  salve,  64S   (M) 

strychnin.    148 

Green    hellcl.rc.    324    (Mj 

Heat: 

Gregory's  (jowder,    730    (M} 
GreEant   »ne»thMift,  8oj    H) 

cuuntrrimtant.   7IJ 

diaphoreiic,  a8j 

Grifith's  mixture,  6jt    (M) 

in   poisoning.   91 

Grindclia.   yoj   (M) 

Hcal-regulating   center,   aij 

Gnpinic,    hy   cathartics,   jjy 

Heat-puncture.   8io    <T> 

carminaiivc*.   ja 

Hedeoma,   703    tM) 

Guxth«j1,  J7U 

Guaiac,   170   (M>,  850  <C) 

Hcdonal,  447    (M) 

HrlletKJTc.  black   ( Hellcburrin),  498  <M> 

Guaiacctin,  J70 

Ucllebore,    white   and   green, 

(iuatacol.  ItM.   369   (Ml    (&c«  Creoute) 

C'oni[Hisition.   3^3 

Guaiacol   cirlkinaie,    369,    J70    (M) 

Materia    medtca,   3J9 

Guaiacy],   guaiafurm,  yuaiamar,   guaiato- 
cof.    370    IM> 

Helmiiul.  4Si    (M> 

Helvella,  400 

Guantn,   161 

Hematin.  G31    (M) 

Guarana,   173 

Hcmatogen,  631   (M) 
Hcmtcrania,   see   Headache. 

Gum  Arabic,  754  tMj 

Gum  restnft,   jj 

Hcmicranin,  355    (M) 

Guroi.   jj,   1M    (M),  B3S   (C).  Ml    (E). 

llemidrt>mus,    515     »M) 

940   <E) 

Hemlock: 

Gun-cotton,   fii 

strutted,    see   Conium. 

Gutu-percha,   jsj    (M) 

water,    see    I'icuia.                                                                          1 

Gyrancma,   ^^6 

Hemogallol.  367.  631    (M) 
Hemoglobin,  631    (M) 

Gynocariiia,   770    (M) 

Gypsum,   756   {>!> 

Drugs  on.  85i   (C) 

Spectrum,    178    (Fig.   79) 
Hemol.  fjn    (M) 

Habtlualion,    ijj 

H«mato*ylpn.  689    (M) 

Hcmrilytins,    bacterial,    390 

Hnno-,  we  Hcmo- 

saponin.   513 

Hacenla.  745  <M> 

Hcmi>ly<.is.   853    <C) 

Heuiophiha.    All.    sec    Hemorrhage* 

Hairdyci.   646 

Hatr«   of   plants,   j8.    Fig.    7 

nuclein.   joi 

Hair«  solution,    lOi 

thyroid.    J99 

Haloid    elements,   911,    A79    (M> 

Hemophilin,   398 
Hcmoptvsis,  SU 
Hemorrtiagc.    810.    94a    (E) 

Hamamelis,  680    (M) 

HamburiEcr's    blood    corpuscle    method. 

5^7.  »M   (C» 

Harifhack.    107    <M) 

astringcuu,  691                                                      ^^^^^H 

blood-prc»«ure,  M8;  6g.   s<>  P-    i^o                ^^^^^H 

Hsriem  oil,   674 

jti                                                            ^^^^^H 

Hartshorn.  $62   (M) 

cotarnin.  110                                                     ^^^^^H 

Hashish,   ao7 

^^^^H 

Hayfcvcr,    24a 

hydrastia,  jio                                                         ^^^^^H 

climate,   604 

stock,  6j5                                                      ^^^^^H 

coca  in,   J JO 

thcrapeutirv   6^6                                            ^^^^^^H 

serum,   396 

morphin                                                                    ^^^^^1 

suprarenal.   194 

475                                                            ^^^^^H 

Hazelnut,   690 

oxygen,  45$                                                            ^^^^H 

Headache; 

post   partum.   508                                                  ^^^^^M 

.immonia.    561 

181                                                                     ^^^H 

antipvrctiri.    35J 

styplick.    691                                                            ^^^^^H 

cafftin,    170 

■194                                                      ^^^^^1 

camphur.   menthol,  465 

Hemorrhoids:                                                              ^^^^^1 

(|uinin.  339 

^^^^^^1 

salicylates.    373 

741                                                        ^^^^^M 

Headache-powders,    jsa 

230                                                                                             ^^^^^H 

Heart,   experiments: 

674                                                   ^^^^^1 

Introductory.   B90 

^^^^^^H 

Methods.  893 

tannin,  687                                                             ^^^^^H 

Analysis  of  changes.  898 

Hemostatics,    ftlt,    sec    Heniorrhsge,                 ^^^^^H 

Cardiac   nerves,   893,  901    (E) 

Hemp:   Canadian,   see    Apocynum.                    ^^^^^H 

Frofrs,   7^9  (T>.  899   (E> 
Tunica.  801    (T).  890   <E) 

Indian,    see   Cannabis.                                         ^^^^^1 

754                                                          ^^^^^1 

Mammalian,   technic,  818.   SM,   895 

Hanhane,    24a                                                               ^^^^H 

experiments.  935 
Embryonic.   801    <T) 

Hepattca,  136                                                                 ^^M 

Herb.    tS                                                                                ^H 

Bibliography.   98J 

Heroin,  see  Morphin  group.   t8t   to  aefit                   ^H 
185,  igi;  jns  (M).  981  (B)                          ^H 

Heart-disease:  485 

calTein.    170 

Herpes,  cocain,   Jio                                                          ^^^| 

camphor.    464 

Heteroxanthin,    161                                                       ^^^^^1 

climate,  604 

387                                                               ^^^^H 

digilslis  group.  490 

Heuchera,  690                                                       ^^^^^1 

diuretics,   $4^ 

Hcvea,    7^.1    <M)                                                       ^^^H 

emetics,   314 

Hexamethylcnamln.  4S'    <H)                            ^^^^H 

neninc.  iod 

radtfh,  705  {\ 
Iluniin»,  Ji 
HumutuB.   308 
Hunfrrr: 

alcobot,  414 

caffcin.  173 

cocain,  jij 

nicotin,  J65 

morphin,    190 
Hunyadi    water,  6on,  9tt 
Hydracctin.  jsA  (M> 
Hvdfacids,   5&6 
Hydraeoduc*.  7j6:   wc  Cathartifji. 


HjlmrRyrum,   645    (M);   see   Mercury. 
liydraslts.     h] 
to  811    (S 
Hydrrmia.    sj 


irjr. 

liydraslts.    hydraiiin.    bydriutinin,     «W 


941    <^) 


llydriofjic  acid.   573    (M) 
Hydrobroimc  acid,  jftq    (M) 
Hydrocarhon  aniiscpiics.  IM  to  458  (M) 

hypnotics.  401  (i>  406.  44^1  to  4M  (M) 

narcniic^    401     to    4AS,     q8.i     iB) 
structure   on   action,   401 
Iheoriw,  403 
aclians,  404 

tMti.  839  tV) 
Hydrochtnon,    367 

Hydrocyanic  acid.    4M  to  411,  470    (R() 
HydrodifTusion,   $22 
Hydrofluoric  acid.   573 
Hydro    nv)   and  ••ol,   5«i 
Hydrogen.  453 

pcruxid.   384.  Ml    (M) 

siilphid.    «cc    Sulphuretted    bydrogen. 
Hydrophobia,    Wl,    jy6 
Hydrotherapy.    71 1 
Mydfoltcs,    r8o 
Hydroxidt.   fig;   iM) 
Hydroxylaroin.  471 
Hyi.icin.    SS:,    2Sm    J44    (M) 
Hyoscyaniin.    fi87.    .-44    (M) 
Hyrwcyamin,    34^    (M) 
Hyiwracidity.   593,  594 
Hyiwrcmcsis: 

astrint^enu.  686 

bismuth,   621 

bitters,  jMi 

bromide,   568 

ccfiuin.    634 

champagne.  418 

cocain.  23a 


». 


camphor, 
viburnum,    510 
maloiioroiii  i>il»,  696 

Iceland  nio»a.   755    fM) 
Ichibalbin.  674.   675    (M 
IcbtfayLKiolla,   7S4    tM» 
Icbthyoform,   674,  Cjh   t 
Ichthyot.    j8*.   jW.   •14. 
Ichtbyosis,   alkalies.  67 
IdJMyncr&»y.    racial,     I 

pcrihinal,    t3o 
Iffasurin,  j6o 
Iffnatta.   t6o   (M) 
Itfnitiuo.  47 
Ilex,   174 

llliciurn,    ton    fM> 
Illur:       -  .,.*.  48a 

Iml. 

"  533 

lmnir':j.iic   illccl*.    I4J 
Itnmunity    to   poisuna,    1 

to    infrction.    joi 
Tmmtiniration  therapy, 
ttniiatienft,   7  10 
Imperial    measure.    36 
ImfH>rtaitte    *>f    different 
IttiiKitrricir,   7©1 
tmpuritied  in  druRs.    ijj 
IncumpatibiLity.    14   t« 

Incontinence  of  urtne: 

llrnpin.    240 

bromidf.    568 

ttrychnm,    158 
India  rubber.  7$j    (M) 
Indian  iieraniiim.    tu6    i. 

hemp.  106  <M) 

tobacco,    see    l^bcMa 
Indican   fplant).  103 
Indigcutiofi,    see    l>y»j 
Indigo.    ro3    (Ml 
Indirect  effects.    1^3 
Indophennt   reaction,    ^4^ 
Indoxyl.    3^5 
Induction   coil.    79J    (X) 
InAamniAfion: 

astringenta,    664 

eold,  712 

fiolloid*,  7«o 

coiinttrifr 
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Injections,  strengths,  692 
Injections  in  animals: 
frogs,   795    (T) 
mammals,  803   (T) 
Insanity,  alcohol,  421 

silver,  635 
Inscription,  93 
Insecticides,  703 
Insects,  cantharidin,  705 
Insomnia,  449 
alcohol.  417 
bromids,  568 
cannabis,  207 
morphin,    200 
Insptrated  juices,  64 
Internal  secretions,  SSS  to  304 
Intestinal  antiseptics,  S85 
Int^tinal  caurrh   (see  Diarrhea) : 
ipecac,   308 
morphin,  aoo 
strychnin,    153 
Intestinal      obstruction,      physostigmin, 
,"    378 
Intestine,   absorption    from,   133 

drugs  on,  937  (E) 
Intraaracbnoid,       -cerebral,      -muscular, 
-peritoneal,     -pleural,     -tracheal,    in- 
jections,   134 
Intraocular  tension: 
cocain,  217 
atropin,  333 
physostigmin,  271 
Intravascular  dotting,   512 
Intravenous  injection,  184,  804  (T) 
lodates,  576 

lodids.    50»   to   S7S,    (M),    940    (E) 
intravenous  injection,  298 
on  thyroid,  29S 
test  in   urine,   843   (C) 
lodin,  «78,  679   (M> 
lodism,  570 

Iodoform,    67»,    680    (M) 
injection,  387 
substitutes,   680    (M) 
lodoformal.    680    (M)' 
lodoformin.   680    (M) 
lodoformogen.  680    (M) 
lodol.    680.    681    (M) 
lodopyrin,  354    (M) 
lodothyrin,    «»7,    300    (M) 
Ion   actions,   M9   to  S80,   887    (E),  984 
(B) 
electron    effects.    549 
special   actions.    554 
Ions,  definition,  528 
absorbability,  541 
Ipecacuanha: 

Pharmacolofty.   308 
Materia    medica,   310 
Therapeutics,    312 
Ipecacuanhic  acid.  308 
Tpomoea.   733    (M) 
Iris,  innervation,  231 
Iris   florentina,    107    fM) 

versicolor,    735    (M) 
Irish  moss,  755   (M> 
Iritis,  atropin.    239 
physostiftmin,  278 
Iron,  6S2  to  S33,  08s  (B) 
PharmacoloBfy.  622 
Therapeutics,   626 
as  styptic,  691 
Materia  medica,  628 

orRanic.  631 
Content  of  blood  and  urine,  627 
1-^7 


food,  627,  6a8 
milk,  626 
Tests  for  organic  and  inorganic,  840 

Iron-somatose,  631    (M) 
Iron  sulphate,  deodorant,  383 

purity   tesU,  834    (C) 
Irritants,  060 

Degrees  of  action,  660 

Astringent,  664 

Diuretics,  546 

Toxicology,  666 

On   Circulation,   668 

Post-mortem   lesions.  669 

Treatment,  670 

Volatile  oils,  604  to  105   (M) 

Details,  671 
Irritation.  de6nition,   19 
Isinglass  and  plaster,   754   (M)  * 
Isoquinotin,  192 
Isotonic,   525,  528 
Itch,  704 

Itching,    see    Pruritis. 
Itrol,  636   (M) 
Ivy-poisoning,  700 
Izal.  366 

Juborandi,  249 

laborandi,   249 

[alapa,  733  (M) 

Famaica  dogwood,   273 

Tarobul,  770   (M) 

Tamestown  weed,  242 

Tasmtne,  284 

fateorrhiza,  722  (M) 

favelle  water,  679  (M) 

Fequirity  bean,  400 

Fervin,  323 

Toumats  and  abbreviations,  980   (B) 

^uglans,  690.  735   <M) 

fugular  vein,  808   (T) 

Tuices,  see   Succi. 

funiperus,   701    <M) 

oxycedrus.  371    (M) 

sabina.  703   (M) 

Kairin.  Kairolin,  357 

Kalmia.  690 

Kamala,  745   (M) 

Kaolin,  754   (M) 

Kation.   see  Cathion. 

Keratin,  68 

Kermes  mineral,  619  <M) 

Keys,  electric,  793   (T) 

Kidneys:    see   Diuretics   and   Nephritis. 

Internal  secretion,  303 

ExDcriments:   Exposure,  810   (T) 
Excised  kidneys.  931 
Osmotic  changes,  858  (C) 
Intact  kidneys,  9ii 
Kino,   689    (M) 
Kipf>enherRer's  method,  85 
Kneip  cure,  713 
Knife-point    (dose),    36 
Kobert's  reagent.  836   (C) 
Kola,   see    Cola. 
Kosntoxin.  745 
Koumiss,   425 
Kousso.   74^"  (M) 
Krameria,  689   (M) 
Kreosoform.  370 
Kresamin.   366 
Kymograph.  793  (T) 

Laharraque's  solution.  679    (M) 

Labor,  ergot,  507 

Laboratory    work:    introduction,    771 


^^H                                                          ^^^^^^^^^H 

^^^^^H                      arranRcment,   71S 

Liquidamber,    107    (M).   699    <U)      ^^^^^| 

^^^^H                                  791 

Liquor   ammonii   acet.,    $61.    ibj    (M>      ^^B 

^^^^H               Lac  aulphuris,  675   (M) 

anliseffticus,  371    (M)                              ^^M 

^^^^H                Lacquer             709 

crc«oli»  CO.,   166  (M)                                 ^^H 
mBgne«ii  carU.    546    (M)                            ^^H 

^^^H               LacUir, 

^^^^^                Lactopbemn.  156   (M) 
^^^^^                Lactose,    »ce   Saccharum   lacui. 

magnetn   citr..    $4^    (M>                           ^^H 

polassii  citr..    578    iM)                              ^^H 

Lacitica.   laciucararium.   joH   iM) 

sod.  pbosphat.  cv..  «46    (M)                 ^^H 

sod.    silicati«,   756    iM)                     ^^^^^B 

477    inf)                         «  ^^^^^^B 

Lady    Webster    pill,    7jj    (M) 

Lafayette   mixture,    700    (M) 

Lakinic  o(  blootl.  853  (C) 

Li<|Uore»  (pharmacy),  W                     ^^^^^H 

saiwnia,  ftIS 

^I^I^H 

Larocll*.  69 

Liquor*,  alcoholic,  41 1,  4W,  4J4  (HI            4 

Lamina   fbotany),    19 

Listerin.  .171                                                                 1 

Lamp  black,   103   <M) 
Langcndorfi  metbod.  9S5   <£) 

Liter.   34                                                                      J 

Litharge.  654    (M)                                          ^^B 

Lanutin,   7^^   (M) 

Lithiasii,  see    Calctili.                                    ^^^B 

Lanthanum,   634 

Lithium.   5U    (M>                                      __^^M 

Laivpa.   7iS 

as  urate                   595                         ^^^^^H 

Lard,  75^  (M) 
Lard  oil,  751   (M) 
Largin.  6*6  (M) 
Lanx.  M   (M) 

^^^^^^H 

103                                       ^^^^^H 

ph(>sp}iuru»,  etc.,   6«s              ^^^^^H 
•tulphur,   67s   (ia)              ^^^^^^^M 

Larkspur,   jjj 

Lobelia  and  Tohelin:                                 ^^^^^^H 

^K                            Laryngitif,    see    Cou(;b. 

^H                              LassaiKne'H  lent,  824   (C) 

Pharmacology,   ^70                               ^^^^^^H 

^H                              LaIc   effects  of  drug*,    uj 

Tfarrapeutics.   .^77                                  ^^^^^^H 

^B                            Latin  in   prescriptions.  &7  t«  M 
^H                                table  or   words,  99 

Materia  medica.   stj,                          ^^^^^B 
Local   actionn,    iji,    tn                                     ^^^B 

^^L                            Laudanum,    703 

I'art   11..   B.,   660;  see   irrttuits  ^^^^M 

^^^m                   Lauching  gas.  4M  to  461 

ancsthrvia:                                       ^^^^^^H 

^^^^1                I^uroccrasus.  471    (M) 

^^^^^H 

^^^^H                   Lavandula,    106    (M> 

2J3,  fS4                            ^^^^^H 

^^^^H                   laxatives.    7j6.    137;    sec    Cathartics. 

other    nicaiures,   Sti                                           ^^^H 

^^^H                  Lead.  M7  to  SM    (M) 

I.tH-kc's   solution,   Kji    (T)                                ^^H 

^^^^^B                  Lead  and  optum  wash.   204    <M),    iSS 

Lockcrfi   for   chemic    work.    7S0    (T^^,^.^^^B 

^^^m                Leadplafter.  654   (M) 

for  animal  work,  78$    (Xi               ^^^^^H 

^^^1                   Uad-water,   653   (M) 

Loco,                                                       ^^^^^^H 

^^^B                   Leaf.    19 

l^ieb's   ion    iheory,    $$0                          ^^^^^^H 

^^^B                 Lecithin.  MS.  659  (M> 

LuRWood,    6Su    IMI                                   ^^^^H 

^^^^^1                      radium.    714 

I.usophan.    6dD,   68 1    (M)                       ^^^^H 

^^^H                 Leech,  398,  $12,  713   (M) 

Loiio  flava,  646   (M)                             ^^^^H 

^^^^^H                  Legumei, 

^^^^^^H 

^^^^1                  Lemon. 

opii         plumbi,  a04    (M).   ]88      ^^^^^H 

^^^^H                 Lemon  grasfi.   106 

Lotiunes,   $9.   13^                                    ^^^^^H 

^^^H                                  S91 

Lozenge*.  69                                            ^^^^^H 

^^^^^1                   Lemonade,    591 

Ltigol't  Mlution,  679  (M)                   ^^^^^H 

^^^1                 LepUndra.    735    (M) 

Lunar  caustic.  636   tM)                     ^^^^^H 

^^^^M                Leprosy,  chaulmoorra  oil.  770 

^^^^^^H 

^^^^B                  Lethal  dose. 

Lupmus.                                                    ^^^^^^B 

^^^^B                   Lettuce, 

Lupulin   and    lupulus.    joS    (M>      ^^^^^H 

^^^^B 

Lupus,    see    Tuberculosis.                      ^^^^^^H 

^^^^^B 

714                                                    ^^^^^H 

^^^^F                     offtan  extracts,   301 

thioAinamin,  387,                                 ^^^^^H 

^                           Leucocytes.  druR«  on,  851    (E) 

Lycetul.   BM,   599    (M)                            ^^^^^H 

^B                            Lcucomains.  762 

LyroiHiHium,    749    (M7                               ^^^^^H 

^B                              Levant   wormwcd,   745    fM) 

Lycopus.    7<iS                                                ^^^^^H 
Lymphatic  glands,    ini                                 ^^H 
Lv»idin.  BM,  509   (Ml                                     ^H 
Lysitol,    lysol,    lysosoKeol,    J67     (M)        ^^H 

^B                         Lcvieation,  4^ 

^B                           Levulofc.  ai   food,   7^6 

^^^^^                  Liber,    19 

^^^^L                 Licorice.           (Ml 

Lyita.  70$                                                             ^^B 

^^^^B                LiebiR's  )>eef  extract.   7^3   <M) 

^^^^B                                          SO 

Maceration,  5a                                        ^^.^^H 
MaciB,    109   CSi)                                   ^^^^M 

^^^H                 Lifiinft  power.   799   (T) 

^^^H                  Ligation    of   Icr.    frog.   797    (T) 

103  (Ml                                    ^^^^M 

^^^^m                   Ugaturet,   R07    (T> 

Masnesia,    544.    54$    <M)                        ^^^^^H 

^^                         Lignin.   j6 

Maicnrfiia    mixture.    78^    <T)                                      ^ 

^m                           Lignum,    iq.  30 

M-icneiiium,    M4,    545    (M),    546,    $«$                J 

M                             Lily  of   the  valley.  4Q8   (M) 
*^                             Lime.  383,   MM   (M) 

.inc»tbe»ia,   544                                                    ^^J 

against  clotting,  accidents.   81s    (T)   ^^H 

Lime  water.  S64  (M) 

Masnolia.   109   (M>                                          ^^M 

Limulus  heart.  890 

Maguey.  409                                                       ^^H 

MaVakin.  3S6   ^M)                                            ^H 
Malaria,  U?   (quinin)                                    ^^^1 

Linden.    107   <M) 

Lininicntu,    6« 
formulas,    717 

arsenic,                                                     ^^^^^^B 

Linseed   flinum).  754  CM) 

emetics,   31 A                                          ^^^^^H 

methylen    blue.    37J                          ^^^^^H 

morphia,  201                                      ^^^^^H 

Malano.  3S6  (M)                                 ^^^H 

oil.  750  fM) 

poultice,  71 

UpftDin.  765 
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^g                Male    fern.   744    lM> 

Mental   niseaaes 

H 

^^                Mallolotus  745   4M) 

atropin   and    hyosctn,    2J« 

^^^^       Malt  liquorB.  4^5 

Mentha.   108  (M),  7^6   (M) 

^^^K       Nfalted  foad».  766 

Menthol,  463.  465.  466  <M) 

^^^^^P       Mallon   wines.    4JJ 

Menyanthcs.  7^5 

^^^^*        MaltoK.  3j 

Mercury    and    its   salts,   830   to   847    (see 

^m                Malium.   75S   (NU 

Calomel.  .1 

^H                Manimala: 

Pharmacolupy.  639 

^H                      Kx|>erinitntoI    lechnic,    HOI    (T) 

Cathartic.  683 
Toxicology.  44a 

^H                    Intact    anmials.   S6U   to   UOft    (K) 

^M                  Operative  work.  MM)  to  V40  lE) 

Therapculics.   643 

^^V               Mainmary  iflandB,  304 

Local,   68j 

^H                 Man,    rxpcnmentatinn,    124,   801    <T) 

Materia  medica,  645 

^H                Mandraicora.   ^^37    (M).   at 
^H                Mandrake,   ^27.   7^4    iMj 
^H                Mnnftancsr.   634   (M> 
^H                 Mama,  bromiiU,   568 

iLxiieriments,   941 
bichlorid,   as  antiseptic,   383,   384 
cyanid.  466 
tests.  83 
Mercury  bulbs.   804    (T) 

^H                       liyoscin,   Jj8 

^1                     tnorphin.  401 

Mescal,  708.   981    (B) 

^K                Manna,    737    <M} 
^H                  Mannit.    23 

Mesoian,  374,  375   (M) 

Metii-rhlfirat,   446   (M) 

^H                Manometers: 

^H                      arten.tl,    8tt     (T) 

Metabolism,  drugs  on.   109,  871    (E) 
Metals: 

^B                    vein.    818    (T) 
^H                 Maple  suiiar,    105 
^^L              Marasmus.   195 

Syitemic  actions  and   Materia  medica. 

808  lo  SftS,  ^5    <B) 
Local  actions,  681  lo  888 

^^^^H           alicraijvct,  768 

^^^^H       Marc. 

^^^^H       Mariolte  stopper,   801    (T) 

^^^H       Marquis   Rcaftent.  H36    (C) 

^^^^H     Marrubitim,  735 

^^^^B       M«r*«Jcnia,    7^3    (M) 

^^^^        Marsh  Kaa.  4SJ 

^V              Marsh  test,  87 

^H                Marvhmallow,   7^5   {M> 

Irritant,  68a 

Astrineent.  685 

Time-limit   test,   834    <C) 
Metcfjrism:    carmitiatives,   yia 

turpentine,  698 
Meter.  34 

Meihanal.   45J    (M) 
Metheuioglobin    furmation.  347,  878,  8s< 

^H               Martin  and  Applcxarth  method,  938  (E) 
^B                MasM,  67 
^H               Massaec,  710 

*CJ,  983   (B) 
spectrum   (Fi«.   79).  378 

Methyl    alcohol,  401.  412,  839   (C> 

^m               Matches,  656 

^H              Mittc.    173 

^H                 Materia   mcdica.    definilinn,    17 

ammoniums,    560 
ranrphin,   J05 

salicylate.   374.  375    (M) 
in    nrine,  843    (C  > 

^B                     lessons.  Ml   U  •78 

^H                Mat)iew9.   electron   action,   551 

strychnin,   154 

^H                 Matico.    701     (M> 

thionm,  37t   (M> 

^m               Matthews'   solution,  »j\    (1) 

violet.    37J 

^m              Maximal  dones.  o4>,  91  (Table).   127 

xanthin,    161,    t69 

^^^               Maxinial   load,   799    CT) 

Methylene  blue.  171    (M) 

^^^^_        May-apple,   734    <M) 

in   urine,  843   (C) 

^^^^B      Mayer>  reattent.  78/   (T) 

Metric  syrtem,  S3 

^^^^B      Meadow  safFron.  330 
^^^^      Measure.  M  lo  M 

advanlascs.   37 

relation   to  common  systcma,  jS 

^F                  apothecaries'.   36 

Metroloey.  S3.   8*6   (C) 
Meyer -Overton   theory,  402 

^B                  imperial.  36 

^B                  metric,  34 

Mczereum.    708    iM) 

^B                    popular,  36 

Microchfmic    rcactiuns.    824    (C) 

^B                  wine.  36 

Mitcraine:    face   Headache) 

^B               Measuring,  40 

jiniipyretics.  35* 

^H              Meal.  761 

caffein.   170 

^H                     pre<h({nted,  764 

^V                  ba»cs  and  cxiracls.  7M 

nitrites,    47s 

Minrainin.   8ftA   (M).    170 

^B                    poitoninR,  2^S 

Mikrocidin.  376 

^B                 Mechanical   irritants.   110 

Milk,   iti>  diuretic,    547 

^H                     as  laxatives,   737 

fls    fluid.    762 
iron  in.  026 

^H               Mechanical    protcctives,    rs5     (M) 

^H               Meconic  acid.    joj.  B37    (C) 

prplonifed,  764 

^B               Meconium,  joj  (^I) 

preservatives   in.   841    (C) 

^H                 Medullary    cunvuli^iuns.    I44(    675    (E) 

Milk-jutces,   31 

^B                 Mrdullarr   ravK,    in 

suuar,  545    (M) 

■               Mel.    104    IM^       ' 

Millon's  rearent^  78J   (T) 

^B               Melaleuca,  698    (M) 

Mineral  acfdi. 

■               Melissa.    to6    (M) 

baths,  600 

H               MellitR.  M.    Ml    (M) 

fats,   752    (M) 

^B                Melon  seed,   744 

^B                Meniscus.  41    (riff-   18) 

waters.  AM  to  SOS 

Minim,  36 

^B              Menispermam.  725 
^B                 MenorrhaiHa,   SlO 

Minimtim   dose,    127 

Mint.    108    (Ml 

^B                 Menstruum.    52 

Miosin.  831.  271 

^B                    choice.    1(4 

morphin,  187 

^^^^^1 

^^^^^^^lo^                                      ^^^^^^^^^^^^H 

Mistura,  «5 
chloralt  cl  pot.  brom.,  446  (M) 
chlorof.    ct  cannab.   ind.   co.,  44i  (M) 

NarcoticiL  Itt                                ^^^^M 
atksloiaal.  18 1                           ^^^H 

hydrocarbon,  401  to  453             ^^^^| 
Narcutin,     t8i     tu    jot,    1ll«    .ma,    £^^M 

contra  iliarrhceam.   69a    (M) 

glycyrrhicic   co..    jiy    <M) 

(M>                                             ^^H 

ma^cs.  c.  uafoM.,  7^6  lM> 

Xatiooal   farmular^,   ]j                                ^^M 

olco-balsamica,  699   tM) 

Natural  cure  of  disease,   139                    ^^^| 

rhei  et  sodJt,  730  (M) 

Nature  of  pharmixologic  Actions.   ti^^H 

MiliKaleil    cauKlic.    6j6    (M) 

Nausea   and    nauscantA,                               ^^H 

MiWchcrlich  still.  83   (Fig.  43) 

Effects.   J06                                                   ^^H 

Mixtures,  6s 

Indications,  jti                                   ^^M 

Mocbius  senitn.  joo 

Treatment,    see    Hyperrmeais.           ^^H 

Mol.   5^4.   a<" 

Neck,  operations.  808    H)                       ^^H 

Molecular   concentration.   $27 

Neodymium.  614                                           ^^H 
Nepeta.  697    iSl>                                           ^H 

of  body   fluid*.    $'9 

in  uremia.  sj8 

NcTthniis.   by  drugs.  608.  664.  70$.  ■«# 

Molecular   formulas   and   weights,    986 

,  <E>.  985   <B>;   (sec   Uremia)                   J 

Molecular  Kututiun,  534 

Treatment :                                                    ^^^m 

Mnlion.  5j8 

cafFetn,  170                                           ^^^| 

Monarda,  106  (M) 

calomel.  684                                      ^^H 

Munk'a  bood,  ^23  (M) 

cathartics.   74a                                  ^^H 

Monsel's  solulion,   628    (M) 

diaphoretics,   aSj                                 ^^H 

Monohromalcd    camphor.    465     (M) 
Morphin   sroup.    181   to  906.   981     (B) 

digitalis,  494                                        ^^H 

diuretics.   54S                             ^^^^^H 

Pharmacology.  181  ■  434>  43S 

^^^^^^H 

Difference*  of  member*,  191 

saline  injcciioas,  SJ9             ^^^^^H 

Anugoniftm    with   atrofiin.    199 

534                                       ^^^^M 

Chronic  opiumiim.    194 

^^^^^H 

Toicicology.   197 

Neroli          107                                 ^^^^^^1 

Therapeutics,   aoo 

Nerves                                                    ^^^^^1 

Materia   medica.   *o» 

destruction,  811    (T)                             ^^H 

Tests.   8^   (C).  BM   (C) 

division  and  stimulation.  Soft  (T)    ^^H 

^E                                       Experiments.  94J 

Nerve  foods,  phosphorus  compounda^^^^H 

^k                                Morpholin.   19a 

Nervematter   extracts,    248                      ^^H 

■                                    Mortars.    4s 

.    Neuralgia:                                                      ^^H 

H                                  Mo4chu»,  697 

aconiTin.    323                                           ^^H 

■                                 Motor  endingi,  880   (E) 

antipyretics,   fsi                                        ^^^H 

F                                 Mouffen,  795 

Mountain-climate,  604 

butyl  chloral.  446                                   ^^H 

camphor  and  nienlhol.  465                ^^H 

•                                           -sickne**.   458 

counlerirritant*.    716                                 ^^^H 

-laurel.    690 

phosphorus,   657                                 ^^^^^^M 

Moxa.  71 J 

3JU                                          ^^^^^H 

MucilaRe,   Acacia,  755    (M) 

ja9                                     ^^^^^^^1 

commercial,  7«? 

Neurasthenia;                                     ^^^^^^H 

Mucilagincs.  6a 

phosphorus   compotimls.   6(8      ^^^^^| 

Mucu-i.  nlkalic*  on,  504 

768                                          ^^H 

amnumium  on.  559 

Neurin,   a47                                                  ^^H 

afirinsenu,  686 

Vickel,  «4.  6j5   «Ml                                  ^^% 

irrilanls.   MS.   846.   847    (C) 

Nicufiana,   267   (M>                                               1 

Mullein.    28    (Kig.    7) 

.N'icotin  and  gr>iup.  XSS  Ut  MS»  9$^   (tt_| 

^^                                Murexid  reaction.  836   (C) 

Structure.  ^                                             ^fld 

^1                                   Muriates,  »ee  Chlorida. 

Pharmacolottv.   3$q                                  ^^^M 

^^__                         Mu^carin.  S45.  g8v    (B) 

Toxicology,   t«t,    148.    157             ^^^^M 

^^^V                         Muscle  experiments:    884    (£) 
^^^H                          technic.  7q6  to  799   (T) 

^64                                       ^^^^^M 

Tobacco.             CM)                             ^^^^H 

^^^H                      Mu!iclccurve.  798   (T> 

Materia  medica.  184                      ^^^^^^H 

^^^^B                      Muscle-nerve,   797   (T) 
^^^^H                          comparative  eHect.   700  (T) 

8j5                                             ^^^^H 
KxTMrriments.  943                               ^^^^^^H 

^^^^g                     Muscle-nerve   poisons.   Itl 

J4Q                                                  .^^^^H 

^                             Muscle  levers,  798   <T) 

^^^^H 

^H                                  Mushrooms,  edible,   ^47. 

Thallium.   652                                     ^^^^^^H 

^T                                       poijvonous.   S4«.   400.   98a    (B) 

\ibilt«m.    thrrapeutic.    T38                ^^^^^H 

Musk.  464.  mi  (M) 

Xirvanin.   jj^    (M)                               ^^^^^H 

Mu!»k-rw)i,  697   (M) 

Xtter.   574   (M)                                   ^^^^H 

Mustard    baihs,   71J 

sweet  spirits,  476   (M)                 ^^^^^H 

Muslard-ud   Kroup.  7M    (M) 

Ntlrates.  518.   5-4   <M>.  474          ^^^^H 

Mydriasis,  «3l 

Nitric    neroxid,   461                               ^^^^^H 

Myocardiogramv.  S18   (T).  921    (E) 

Nilnles.  466                                         ^^^^^H 
Nitrites.  4^t  t*  itl,  47<  <M).  tsTToTl 

My'>sii.    see    Miosis. 

MyriMica.    109    (M) 

944    lE) 

Myronatc    of    potassium,    and    myrotin. 

Nilrohcniol.    8I»,     110                                              j 

704 

Ni(ri>ccllaIose,    61                                         ^^^M 

k                                    Myrrha.   107.  •••  (M) 

Nitrogen,    453                                                ^^H 
test.  824  rc)                                      ^H 

h                                     Myxedema,    ^95 

^L                                  treatment.  ^99 

Nitroglreenn.   HSl  to  47?    <14)     ATA.  ^^H 
Nitroprussids.  466                             ^'^  ^^H 

^^H 

^H                           Naphthalin.  .t7<^  ^M) 

Nitrous  oxid,  ais,  <M  t«  4#t                ^^H 

B                             Napbtbol.  .176   (M) 

Numal  solutions,   504,  Ml    (Tl.  aaa          ^ 
<E)i    (sec  &atts>                ^     '•  •«»          J 

^■^                          Narccin.    181    to   206.    Ifl.   20a    (M) 

^^^^^^^^^^^^^^MISTUR^ 

—  PARSLEY.                                   106 1 

i 

^^^^        Nowphen,  680.  681    (M) 

Orthin.  357  (M) 

^1                   Noir  taking.  8jj  (E) 

Orthoform,   3J4    (M) 

^H                   Nuclcina.   jui 

Oryu,   767 

^M                 Nuclco-  protcids  on  clothing,  stt 

Oacin,  J27 

■                  Nuisal],  6S9   [M> 

OnDometers.  856  (C) 
Osmorrhiza,    109    (M) 

^H                 Nutmeg.  109  ^M) 

^m                  Nutrients,  161   fu  1611 

Osmutic  action,  ftIB  to  MO 

^H                    Nutrition,   drugs  on,   156  lo  110 

J'hysics.  619,   855   lu  859   (C) 

^H                         NutTCMC.    764 

rby»)olocic  phenomena,  sag.  887    (E). 
943    (EJ 

^H                 Nux  vomica,  160 

Osmoiic   prrwure    (tcn»ion),   523 

H                   Oak.  690  (M) 

Osteomalacia. 

^H                  Oat  meal,  767 

calcium,    563 

^H                 Oat  Titarch,  Ji  (Fig.  i) 

phosphorus,  657 

^M                   Obesity: 

Oltar  uf  rose,   106  (M) 

^M                       aci<j»,    586 

Ouabain,  477 

^B                       alkalie*,    $97 

Ounce.  35,  36 

^H                       diaphoretics,   jSx 

Ouroupana.  689   (M) 

^B                     ovarian  extract,  304 

Ovarian  extract,  SM 

^B                         thyroid.   ^99 

Ovary    (botany).   19 

(.>vcTton   theory,  402 
Ovofcrrin.   631    (Mj 

^H                         vinegar,    $86 

^H                       water.   538 

^H                 Objects  of  ifbarmacology.  }3,\  to  125 

Ox  gall.   740   (.\|» 

UKalatcs  and  oxalic  acid.  576,  479   iM), 

^H                   Oclariui,  36 

Kj9    (C) 

^H                   Ornantbe.    17s 

Oxalic  acid,    391    (M> 
Oxidases.   «M.   850    tC} 

^H                   Oenantbic  ethers,  403 
H                   Oil   Df  vitriol.  S89    (M) 

Uxidaliun,   alkalies  on,   59J 

■                   Oils,    fatly,    750    (M) 

Oxyacidt,   586 

^H                           afl   laxativcft,    737 

Oxyhutyric    acid.    581 
Oxycaraphor.  465   (M) 

^H                           cathartic.    728    (M) 

^H                         absorpiion  from  skin.  747 

Oxychinaseptol,  376 
Oxydimornhin,    194 
Oxy^rn.  464  to  487 

■                       Volatile.  «M  lo  YM 

H                   Ointmcnta.  70.  7M    (M) 

H                   Otea.  T50   (M> 
^m                 Oleander.  49S 

Oxymcliiia.   64 
Oxytocics,    509 

j^^ 

■                   Oleatn.  «0 

Oxyurit,   746 
Otone.  4^ 

^^^1 

^B                    Oleic   acid.   751    (M) 

^^^1 
^^^ 

^H                  OlcorcsinA,  23.  04 

^H                  Oleum  adH>iK.   751    (M) 

Pain    (see  AnnthesU), 

^H                         ;rthereutn,    44J 

hfomids,    ;68 

^H                       amyHdalf  exnreftsum,   750   (M) 
^B                         heliilv    volatile.    175    (M) 
^H                      cadinnm,  371    <M) 

counierirntants,  716 
morphin,    200 

hyj.notic*,   450 
F'alpilalion.   167 

^H                      cajiiputi,  698   tM) 

^H                      gaullhcrx,  J75    (M> 

Panax,    724    (M) 

^H                     )<OMypii  svminin.   75'^   (M) 

I'ancreas: 

^B                      jccoris   oflclH.   765    <M) 

internal    accretion,   301 

^B                         iuniperiB    cmpyrcumaticum.    J71     (Ml 

fermenta.    758 

^■^                    lini.   750   CM) 

secretin.  305 

^^^^^               morrhuT,  76s    fM) 

Pancreatinum,   758    (M) 

^^^H                Yurcinii.  698   (M) 

Pansy,   690 

^^^^                Ihcobromatis,   751    (M) 
^F                     ttglii.   7j8    (M) 

Papain.    75B    (M) 

Papaver.    pafuiverin,    202 

^B                 Olfactory  sttmulanls.  695 

Paracentesis,  phenol.  2a6 

^B                  Olibanum,    107   Of) 

Paracetphcnctidin,    355     (M)    see    Anti* 

^B                  Olive  oil,  750  tM) 

pyretic*.    344     lo     357 
Paramn    (durum).   752    (M} 

^B                    Oncometers.  817    (T) 

^B                  Onion,    70s     <M) 

liquid,   751    (M) 

^B                  Oopbofin,   ^05 

^B                  Operative    disscctionit,    M7    t«    ftll    (T) 

molle.    752   (M> 

for  deformities.  548 
Paraform.  452    (M) 

• 

^B                        rxr>rrimrnt«,  BOB  (0  MO    (C) 

^H                    Opi!ithntonu«.    15^ 

ParaBuay  tea.    174 

H                  Opium.    181    to  t06»   3Qi    (M),  8j7    (C) 

Paraldcbydum,  448   (M) 

^H                         see    Morphin    group. 

Paralysii : 

Definition,   119 

^B                  Opo<leldoc.   7t8    CM) 

^^^H 

^B                  Oral    administration,    mj 

Analysis,    124 

^^^H 

^H                  Orange  flower.   1^7   (M) 

Strychnin  in.   158 

^^^H 

^B                       peel.   t«8   <M) 

Paramtdophenol.   .1S5 

^B                  Orchis.   767 

Parasites,   cutaneous.  704 

^H                  Orchiiic  extract.    104 

«ul|diitr'«.    f>7K. 

■                    Orrvin.    r.'o.    m    fM> 

inleMinal.   74t  to  746 

^1                 Oriran  extracts.  tSS  lo  S04 

Paralhyrnidt.  206 

^H                  Organic  acids: 

Paraxanihin,    161 

^B                      composition,   ^87   (Ml 

^H                      oxidation   in   body,    577,   584,  84J   (O 

Pareiroric.  204   (M) 

Pareira.    «*e    Chondrodmdron. 

^m                     iron.   613 

Parenchyma    (botany).    27    (Fig.    5) 

■               Orphol.  621   (M) 

Parotid  gland,   304 
Parsley,    108   (M) 

■                 Orrii.   T07   (M) 

J 

1 

^^^™                        ^^^^^^^^^H 

^^B 

]*asteur  treainivnt,  39' 

115             ^^^^^^^^^^^H 

^^^^^B 

J'atbulogic      conilitiuii^     on      action      of 

^^^^^H 

^^^^^K 

drugs,    i:i8 

Pharmacopcria,  31                                ^^^^^^| 

^^^^^M 

Patients,    cx|ieriroenUUon    on.    IJ4 

Pharmacy.    17,  it  to  7t,  Si?   (C)     ^^^^^B 

^^^^H 

Paulllnia.    17J 

I'haryagilis,  sec  Cough.                                 ^^H 

^^^^^H 

Pectins,   33 

Phenacetinum,     355     iMt.     s««    Alltip^^H| 

^^H 

actions,   \4i 
Pediculi.  tU 

mics,   344  to  J57,   and  acctplicMl^         1 
din. 

^^^^^1 

Pelargonium,    106   (M) 
Pelletierin.  745    (M) 

Phcnazonum,  354   <M)                                            ■ 

^^^^^B 

Phenelidin   derivatives,   35s    (M>             ^^fl 

^^^^^B 

Pens:iw.ihr,  691 
Pennyroyal,    667,    703    (M) 

Pbenucoll,   jtb    (Ml                                            ^^H 
Phenol.  3M  lo  MS                                    ^^^^M 

^^^^^1 

^^^^^^1 

IVnt-it^mon.   735 
Pcpo.   744    iM) 

Pharmacology.   359                              ^^^^^H 
Toxicology,  MS.  J77                       ^^^^^^H 

^^^^^1 

^^^^^1 

Pepper,    109   <M) 

Thera]»€Utics.  380  to  387               ^^^^^H 

^^^^^^1 

red,  708   (M) 

Materia   niedtra,    364                                                '1 

^^^^H 

Peppermint,   io9  (M> 

Tests,    BjB    (C)                                                             1 

^^^^^^ 

Pepainum.  757   (M) 

Expeniiients.  845  to  C^S  <.€>,  ^1  tE^^J 

^^^^^1 

Peptones,   see   Albumose 

Phcnolbi-tmuth.   6ji                                          ^^H 

^^^^H 

a*  food»,  764 

I*henulin.    167                                                       ^^H 
Phenol5ulpTi..nates.   MS.    365    (M>           ^^1 

^^^^H 

liquid,    76s 
Peptonized   foodii,   764   (M> 

^^^^H 

1'benosal.   356   tM>                                            ^^M 

^^^^^^ 

Percolation.  M 

PhcnylaceiamiL.   \$s    (M)                            ^^H 
-dTmetbylpyracolun.   354   (3d)                   ^^H 

^^^^^1 

Percolator.   54    <  Fiff-   40J 

^^^^^1 

Perfusing   fiolution^,   Bji    (T) 

•filycuronic  acid,                                        ^^^^| 
-hydrazin.   147,   3-8.   SM,   378.   gjj  <C^H 
•sulphuric    actd,    derivatives,    3$6    ('^^^H 

^^^^^■^ 

Perfusion: 

^^^^^1 

^^             excised  organs,  810  (T> 
^K           froK'R  heart.  800  (T) 

^^^^^1 

■urethane.    3S5                                             ^^^1 

^^^^^1 

^B                vessels,  801    (T) 

Phenylift  salicylas.  j«5  <ll>                        ^H 

^^^^^^1 

^■^             exercises,   931 

PerfuMonhufhs,  804    (T) 

Phlobaphene*.   Ji                                                ^^H 

^^^^^P 

Phtoem.  ^Q                                                         ^^H 

^^^^H 

Pericarp,    19 

Phlorrhizin,  StC,  941    (£),   9S.2    (B)          ^^M 

^^^^^1 

Periderm,  29 

Phosgen,  4J3                                                     ^^M 

^^^^^1 

Periodic  dose,   u? 
Peristalsis.  98 J  (B) 

Pbusphales.    iM3.    $45    (M)                              ^^M 

^^^^^1 

intravenous.   ^98                                              ^^^| 

^^^^^1 

^^              morphia.   i8g 

^B            experitnental  technic,  Baa    (T) 

Phosphatol.  370                                                ^^H 
Pho5;ihnret(ed  hydrt^gen.   6^4                       ^^^| 

^^^^^1 

^^^^^1 

^H            exercises,  m 

Phosphoric  acid.   ^80.   ^89  ^M)                ^^M 

^^^^^1 

^"              osmosis.   888    (E) 

PliMffhoru*.  804   i«  «U    <M)                       ^^1 

^^^^^P 

Peritonilis.   morpbin.   200 

Tests,  as,  840   rc>                                    ^^H 

^^^^^H 

PermanKanatcs.   577    (M) 

Phospbotungslic  acid.  8^   <T)                  ^^H 

^^^^H 

as  antidote,  90,  198,  844  (C>.  940  (El 

Pbrrnium,    104                                                    J^^H 
Phthisis,    see    Tuberculovti    mnd    Nifli^^H 

^^^^^1 

Permeable   membranes.   $23 

^^^^^1 

Peronin.  186.   1»I ; 

sweats.                                                 ^^^^^1 

^^^^^K 

see  Morplitn   ^rnup,   181    to  io€ 

Physeler.  7S'   (M)                                  ^^^^H 

^^^^^B 

Peroxid.  orfantc,  8M  (M) 

^^^^^^H 

^^^^H 

hydronen.  384.  «»l    (M) 

Physical   actions,   117,  SI*                 ^^^^^H 

^^^^^^B 

Pertussis: 

effects,    549                                      ^^^^^1 
irritants,  710  to  711                                     ^^M 

^^^^^H 

(iromid.   568 

^^^^^^ 

hromoform.  442 

Physialogic  dose.    127                                      ^^^M 
standardisation.   1%,    833    (E)                ^^H 

^^^^^B 

coniin.  ,177 

^^^^H 

syr.  scillv  co.,  619 

tests  for   (M^i4on«.   86                                    ^^H 

^^^^H 

turirenline.   698 

Phv<^(.>«tiKnia.    Phy^ustigroin:                        ^^^H 

^^^^* 

Peruvian   baric.    141    (M) 

Pharmacology,   271                             ^^^^^^H 

^F 

balsam.  699  (M) 

Toxicologv.   .£73                                    ^^^^^H 

^L. 

Petals.    [Q 

Thera{>rutics.   278                             ^^^^^H 

^^■^^_ 

Petiolus,    19 

Materia  mcdtca,   aBj                           ^^^^^^1 

^^^^^B 

Pctnitalum.   75i    (M) 

837    (C)                                       ^^^^H 

^^^^^^P 

li()uitum.  751    (M) 

Experiments.  942                                  ^^^^^^M 
nibliograpby,   ^3                               ^^^^^^H 

^^^^^ 

absorption    from   skin.    748 

^r 

Petroleiim.  487 

Ph>-t<>1acca.           177                          ^^^^^H 

B 

emulsion,    766 

Phvtoloxins.   309                                       ^^^^^^H 

1 

ether  as  solvent,   55    (sec    Ben«in> 

method,   dii    (T)                           ^^^^1 

Ph»orHn.   730 

264                                                ^^^^^H 

Phallin,    400 

Picric   acid.    373    (M)                            ^^^^^H 

^ 

Pharmaceutic    ossayinfr.    72    to    74.    833 

PtcTfma.  yjj  <M)                                 ^^^^^^ 

tC) 

Picrol.  «8o                                                                        1 

incniiipatibilily.    77,  8jr    (C) 

Picroioxin  jrroup.  178  l«  ITT    (M).   it$,        J 

^   838  (C).  94t  <E>.  «8i  (B>     ^m 

methods  and  processes.  44  to  56,   8x7 

(C) 

Piles,  'ec   Hemorrhoids.                               ^^H 

PIiarmncfMlvnamics.    17: 

Pills,  87                                                     ^^^M 

inlfoilurtinn  to.  115  to  Ml 

Pilocarpin  group:                                      ^^^^^M 

PliirmacrtKn'MV.  18  to  3t 

Pharmacoloffy.    349                              a^^^^^^M 

Structure.  823   fCl 

Toxtcology.  xsi                                ^^^^^H 

Chemistry,   8*4    (C) 

Therapeutics.                                      ^^^^^H 

Pharmacoaraphia,    17 

Materia  mcdica.   784                        ^^^^^^H 

1 

Pharmacology, 

Kxpcfimrnt*,    04-i                                 ^^^^^^H 

^^^ 

definition,   17 

Rihlio«raTthv.   981                             ^^^^^^H 

i 

inethodfl.   J  33 

^ 

P.).  68                                 ^^^^H 

^^^^^^^^^^^^^          PASTEUR 

FUSTULANT.                        ^^^^^^^^B 

j^^^^^      Pilulv  uitipcri<>dicx,  34i   (M) 

bilartrate.  545   (M>                                              ^^H 

^H                        cacharticz  co.,   734    iM) 

cfalond.  558    (M)                                                 ^^H 

^^^^^                     vcgeub.,  7J4    (M^ 

1&9                                             ^^^^^1 

^^^^^L                ipecac,   cum   Kcilta,  498    (M) 

dictirumatc.  632   (M)                                     ^^^^^B 

^^^^H              laxativac  comp..   73^    I.M) 

^^^^^r              sai>onis  comp.,  J03   (Mj 

sulphate,  S4S  <M)                                     ^^^^^B 
ind   sodium  tartrate.   S4S    (M)             ^^^^H 

^                 Pimenta,  109  (M).  736 

^H                      Pimiiinclla.    198    (M) 

Potato,  315                                                      '  ^^^^^^B 

^^k                   Pinc-bark,    70^ 

2 J                                                     ^^^^^H 

^^^^                   -woixl,   i2   (Fig.    13) 

Potentilta,  6941                                                 ^^^^^B 

^^H                          371    <M>., 

Poultices,  preparation.   71                            ^^^^^H 

^                Pmkrooi.  74*)  (M) 

and  uses,   71J                                 ^^^^^H 

^^V                   Pinus,  J71.  6<)8 

35                                                         ^^^^^H 

^H                   Piper    angtuhtotiiim,    ace    N[atico. 

Powders,  M                                                          ^^^^H, 

^H                       cubeba.  700   iM) 

4S                                                       ^^^^^H 

^H                      nigrum,  109   (M),  7j6 
^H                     Piprrazin,   5M.    599    <M> 

Prx«udyroium,  634                                          ^^^^^H' 

400                                            ^^^^^H 

^H                     Pipcridin.  _>68.   J9J 

I'recipilins.   391                                                    ^^^^^^H 
Predtgestcd  fo«>dA.  1IM                                                 ^^| 

^H                     Pipcrin,  7j6 

^H                   Pijicttcs.  41    (Fig.  2t),  B06  (T) 

Prescription  wrtting,   9t   lo   100                             ^^Bl 

H                         for  frogs.   795    (T) 

Preservation  of    foods,  ait,   841    (C)                  ^^H 

^H                   Hp^isscwa,  j68 

of  nharmaceuticals,   53                                         ^^B 
Prickly  ash.  7,-j    (M)                                                   ^^B 

^H                   Piftcidia.  J7J   (M) 

^m             Pistil,  19 

Primary*  actiOHj   1^3                                                  ^^^| 

^H                  Piich.  753  (M) 

Primrose,  709                                                            ^^^| 

^H                   Pithing..  795   (T) 

Primula,  709                                                                   ^^^B 

^H                   I'ituitary  gland,  joq 
^H                   Pituri.  .258 

Prince's   pine.   368    (M)                                     ^^^^^M 

72s                                                           ^^^^^H 

^H                   Pix  hurgundica.  7S3  (M) 

Prosenchyma.   27                                             ^^^^^H 

^H                       carbonii  prxp.,  J71    <Sl) 

Protamins,   309                                                 ^^^^^H 

^H                       liquida,  371    (M) 

Protargol.  6j6  (M)                                         ^^^^H 

^H                     Ha^kine  mctbod.  392 

^^^^H 

u  foods.          to  160                                 ^^^^B 

^H                       ftcrum,  396 

plants,  n                                                ^^^^^^M 

^H                    Plantago.  725 

^^^^^B 

^H                    Plant-pcp«in,  758 

prOjterties.   389                                      ^^^^^^H 

^M                  Plasmolysis,  854  (C) 

Proteolytic   fcrmentn.  737                              ^^^^^^H 

^H                 Plasnion,  764 

Protu^iodiil  of  mercury,  646   fM>               ^^^^^H 

^m                   Ptancr  of  Parii,  7s6  (M> 
■                    Plasters.  11.  74».  7M  (M) 

Protopin  group,    t9i                                              ^^^^H^ 

Protoplasmic    inisons,    Itl.   8so    (C)    883            ^^H 

^H                    Platinum,  637 

^H 

^H                  Pleurisy,  creosote,  368 

Protoveratrin.  343,  328                                   ^^^^^B 

^H                  Plumbum,  653 

^H                   Plummcr'fl  pill.  619  (M) 

Proximate   principle,    ig                                  i^^^^^^fl 
Prunes,                                                                       ^^^^^^H 

^H                  Pneumonia   [see  fevers  and  cough): 

Prunus  virginiana.  471    <M)                                ^^^^B 

^H                      creosote.  368 

I*ruritus.    hydrocyanic    acid,  47a                           ^^B 

^B                       oxygen,  4^5 

local  anesthetics  phenol,  j6i                               ^^B 
Prussic  acid.  470   (M  ) ;' 466  to  471                       ^^B 

^M                     ult  retention.  ^40 
^M                         serum,  ^93.  3U   (M) 

Psychic    depfession.    atropin,    J38                                     1 

^H                     Podophyllin,    podophyllum.    734    (M) 

INychotrin.  308                                                                         M 

^H                   Poison  ivy.  oak.  sumach.  109  (M) 

Pterocarpus.  684  (M>                                  ^^^^J 

^H                   Poisoning;    IV   Co  tV 

Ptomains,  24s,  24B.  388                                   ^^^^^B 

^H                       Introduction.  79 

Pinmairopin,                                                           ^^^^^^B 

^B                         Symptunis,   8a 

Pulmonaria.   136                                                 ^^^^^^| 

^B                        Detection,  8t 

Pulmonary    edema,    pilocarpin    contraiii>            ^^B 

H                       Treatment.  88.  84.I   TO.  865  (E) 

dicoted,  aSA                                                     ^^H 

^H                   Pui4onou<  plants,    177 

hemorrhage,  Oil                                                      ^^^B 

^^H                         Pni<M)n<t.    (Irlinitinn,    79 

Puli|ur.    209                                                                 ^^^1 

^B                         drtection.  80  to  81,  Bji    (C> 

PoUatilU,  708    (M)                                              ^^^B 

^H                        specific  reactions.    8S8   lo  S41    (C) 
^H                      cnemic  antidolcs,  843    (C) 

903  iE>                                               ^^^^^^H 

Pulse  pre^ture.    813    fT)                                     ^^^^B 

^H                    Poke-berry  and   root,    177 

4^                                            ^H^^B 

^H                   Pollantin,  396 

Pulvis   accrtanilidi   co.,    3^<    (M)                       ^^^^B 
effervcscens  co.,    $43    fM)                                      ^^^B 
glycyrrhizir   co,.   675    (M),    It*    (M)               ^^B 

^B                    Pollen,    10 

■                   PolygiU.  SM   <M) 

^B                  Potygonatum,  498 

sodv  tartratx  cfTerv..  545   (M)                          ^^B 

^H                    Polypharmacy,    96 

Pumpkin  seed,  744    (M)                                              ^^^B 

^B                   Potyporus.  7^5 

Puncture,   diabetic  ftn.J  heal,  fi^o   (T)                 ^^B 

^B                   Pomegranate.  74.5   (M) 

Punica.  745    (M)                                                              ^^B 

^B                    Poplar  bulls,    107    <M) 

Pupil,  innervation!  331                                              ^^^H 

^B                         PoppV.    30J 

^B                   Popular  measures.  36 

Drugs  on,  J7S                                                         ^^B 

Kxperimenlv   006   (E)                                          ^^B 

^B                   Populus,   107   (M) 

Purgatin,  733  (M>                                                 ^H 

^B               Von.  42s 

Purgatives.  736.  ISO;  se«  C^tharticA.            ^_^^B 

H                     Posology.   18 

161                                                       ^^^^^B 

■                    Pott  partum   hemorrhage,  ergirt,  SoS 

^ood.  7^t                                               ^^^^^1 

^B                   Pnlassa   (potash). 

Punty  tests.  8j3  to  836  (d                         ^^^^B 

^B                  PofAssic-mercuric  iodtd,   783    fT) 

Pus-formation,  aseptic.  661                                      ^^B 

^B                 Potassium,  SM,  944  {E> 

Pustulant  and  pustulution.  001.  847  <C)           ^^B 

^^H      1064          ^^^^                         ^^^^^^^^1 

I 

^^^1             Tuircfactive  alkaloids,  sec  Ptomains. 

Resaldol.  367               ^^^^^^ 

^^^1 

^^^^B              Pyoktaninum,  37' 

Resina,  698   (M),  ?ftS  fM> 

^^^^^^^1 

^^^^1              Pyramidon.  354    (M) 

Retinoids,  43 

^^^^^^H 

^^^^B               f'yrazol    dcnvaiivtrs.    .14$    (M) 

eclectic,  64 
Resm».    2).   753    iMt.   8^6    (C) 

^^^^^^1 

^^^^H               I'yrcthrum,    70J 

1 

^^^1              ryndin,   XM.   824    (O 
^^^^H              i'yrocalechin,   861,  ^93 

cathartic   anhydrids.   7St  t%  t9M^ 

yjj         J 

(M> 

^^^H              Pyrodin,  356   (M) 

^^^1               Pyro^allur.  MT    (M).   853    (C) 

Rewrhin,   753    (M) 
KcxTciniol).  »«7    iM).  898   (C) 

^^^1 

^^^H 

^^^^1               Pyrc'ltgnroue  acid,    590    (M) 

Respiration, 

^^^^^^H 

^^^^H              Pyruxylin.  61 

anificUl.  B17  (T) 

^^^^^^H 

^^^H                l*yrc>xon,  661    (M) 

valve.  817   {Ti 
volume,   H16    (T> 

^^^H 

^^^^H             QumMia.   73^   (M) 

tracings.   81s,   B16    iT> 

^^H 

^^^H               lucbracho.  307   (M) 

experiments.   916 

^^H 

^^^H              Queen's  root.  7.IS    {M> 

Respiratory-  siimubnts,   151.  17S 

^^^M 

^^^^^1              Qucrcus,  690   tM) 

Ke^ufscitatiun.   913    (E> 

^^^M 

^^^^H               Ouillaia,    514    <M) 
^^^^H              Ouinalgcn.  357   <M) 

Retching,    311 

^^^^M 

Retortft,   50 

^^^M 

^^^^^M               ,  utnamicin.    (iuinami<Jtn,    qutnsmin,    341 
^^^H             Quinate  of  liOiium.  6M,  599  <M> 

Retention  of  urine,  atropm,  X40 

^^^^M 

Rharanus,  731   (M> 

^^^H 

^^^^H                 Juincr  «evH,   754   (M] 

Rhalany.  689  (M) 

^^^^^^^^ 

^^^H              Quinic  acid.  373.   S96.  599   (U) 

Rheum,  730  (M) 

^^^^^^^1 

Rheumatism: 

^^^^^^^1 

^^^^B              Quinidin,    341 

^^^H              Quinin.  381   to  M8.  983   <B) 

aconite,  jij 

^^^^^^^^H 

alkalies.   597 

^^^^^^H 

^^^^^H                    Pharmacology,   331 

colchicum.   330 

^^^^^^^M 

^^^^H                    Therapeutics.   337 

countenrrilants, 

^^^^^^^^H 

^^^^1                 AdminiMratiun,  339 

diaphoretics,  383 

^^^^^^^1 

^^^^^1                    Sulistitutrs, 

iodid,  571 
iodin.  678 

^^^^^^^M 

^^^^^1                  Malciia  mcJica,   34a 
^^H                    Tests.   ti24,  >S7   (C) 

^^^^^^^M 

nitrate.    574 

^^^^^^^M 

^^^^B                            urine.  843   <C} 

salicylates,  373 
^ulpfjur    waters,    673 

^^^^^^^M 

^^^^^1                  Experiments,   941 

^^^^^^H 

^^^^^1              Quinuiilin,   341 
^^^H               Qutnolin,  SM,  S24    (O 

ttiyto)d„  J99 
Rhizome,   18 

^H 

^^^^H                  derivative*.   357    <M) 

Rhubarb.   730   CM).  8J5   (C) 
in  urine,  843   (C) 

^1 

^^^^1             Rabieit.  Paateur  treatment,  391 

Rhus  Rlahra.  600  iM) 

^^^^^^M 

^^^^H 

Rhus  poisoning,    7M 

^^^^^^H 

^^^^H 

Rice   starch,   Ji    (Fit.    i>,    767 

^^^^^^H 

^^^^m                 arsenic.  6ra 

Ricin.   8W,  85s    (Cj 

^^^^^^H 

^^^^M                  calcium.   MS 

Ricinus,  728  (M) 

^^^^^^H 

^^^^1                             637 

Rickets,  see   Rachitis. 

^^^^^^H 

^^^^H                  OFKat  extract!,   301 

Rigor: 

^^^^^^^^1 

^^F                          fiho&phorus.  657 

hy  raffein.  etc..  l«a,  886  (E) 

^^^^^^H 

^B                          suprnrenal.  295 

\ty  convulsanii,  60 

^^^^^^1 

H                        «*^*''"V''*'  ^9''-.\ 

signs  of,  165 

^^^^^^H 

^m                           Radinthcrauy,   714 

Riniier's  fluid.   553,  Btl    (T) 

^^^^^^H 

■                         Radix.    iR 

Roastine.   46 

^^^^^^^^H 

^B                         Rancidity,    7^0 

Roborat,   764 

^^^^^^H 

^B                         Ranunculacez.  705<   706 

Rochellc  salt,  S4S  (M) 

^^^^^^H 

^M                            Raoult's  law,   ^jy 

Rodagen,  300 

^^^^^^H 

^m                           Rape  «cd.   7^4 

Rooster's  comb,  druxs  on.   501 

^^^^^^H 

■                         Rnphael   on   diuresis.   547 

Root.    tB 

^^^^^^H 

^M                            RareAed   air,   458 

Rosa.  to6  (M) 

^^^^^^H 

^^^^^               Rational  therapeutics.  541 

Rose-geranium.   106  (M) 

^^^^^^H 

^^^^^L              Rays,  cathode  and  radicum.  714 

RoMu,  698.  tM  (M) 

^^^^^^^^1 

^^^^^P               Reapent6: 

Rosmarinus,    106   fM) 

^^^^^^H 

^^^H^                  for  animal   work.  787  (T) 

Rottlera.  745   (Ml 

^^^^^^H 

^P                           for  chemical  work,   781    (T) 

Roundworms,   74s 
Ruhber.   753    (M> 

^^^^^^H 

^P                           Rrreiilor.  389 

^^^^^^1 

V^                         Rectal   adminiitlration,    133,    804    (T) 

Rubefacient    and    rubcfaction,    •••• 

jB^^B^^B 

'                                  attmcntation.   7*7 

(C) 

■ 

suppositorira,   60    (FiK.   44) 

Rubefacient  volatile  oils,  697,   60B 

<M>           J 

R«I  H!um.   689   (M) 

Rubia.   ma   (M)                                ^^ 

ReducinK   auhslances  in   urine,    378 

Rubidium,   558 
Ruhiis.  690   TM) 

J^^H 

Reference   Rookv   979   (B) 

^^^H 

Referred  pain.   7'6 

Rue.   703    (M) 

^^^^^^H 

Rrfillinji   of   preacriptioni,   9* 

Rum.  424   i^Ml 

^^^^^^H 

Reflex  actions  of  ilrim*.    113 

Rumea.  690 

^^^^^^^^H 

Refli'x    stimulation.    711 

Ruta,  703   <M) 

^^^^^^H 

Reflex  time,  drugs  on,  795   (T).  889  (E> 

Rhythmic  contractiona: 

^^^1 

RefriBeranti,   350 

of  heart.  890  iK) 

^^^1 

Rrinftch's  test.  640    fC) 

of  skeletal  muscle,   %,%%,  S8B   <E> 

^^^1 

Relations  of  pharmacology,    115 

^^^1 

L                             Remote  actions.   1*3 

Sahadilla.  sabadin,   jjj 

^^^H 

r                             Rrmija,   .141 

Sahal.   770   (M> 

^^^^^^M 

Rennet.  1«B.  849  <C) 

Sabbatia.  7x5 

1 
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ibtna,  703  (M) 
Saccharin.  105  (M); 

4ctiun»,   37J 
Saccbarinc    Havors,    104    (M) 
Sacchar4.>»c.  jj 
Saccbarum.  104  (M) 

lactift,  iUa  (M) 
Saffron,    103    iM) 
Safrol,    no 
Sagt.   107   (M) 
Sa|tu,  33  (Fig.   1),  767 
Saint  Germain  tea,  7J0   (M) 
Sal  alembroth.  646   (M) 

ammoniac,   36^:    (M) 

vulaiitc.    i6j    (M> 
Salamander  poison,  J98 
Salcp.  767   <M> 


Salicinum.   374.   STB   fM}.   ftis    (C) 
S*licylatM.    8ia  "~~       ~ 

Bjio   <C) 


to  37S,   jSs,   J74   (M), 


in  milk.  S41    (C) 
Salicyluric   aciil.    J77 
Saligrnin,   375 

Saline   cathartics.   540  to  (146,   344    (M) 
Saline  iniectionf. 

General   effects,    538.   943    (E) 
on  Circulation,    tBi 
on  Hlood.  531 
on  L'rine.  53' 
Salipyrin.  354   (M) 
Salivation,    atropin,    219,  Jj9 
pilocarptn*    -fo 
ejroerimcnts,    Q07 
Salochtnin,   34,1   fM) 
Salocol!.  356   ^M> 
Salot.  M4.  374.  366.  365   (M).  839   <C) 

in  urine.  843   <C) 
Salophen,  3?4.   J7^    <M1 
Salt,    common.    MB,    54a    CM) 
Actxmi.  aS8  fa  MO 
in   Nn)hriti3   514 
sec  Chlnriil-i   and    Saline   injcclions. 
Salt-aclion,    Bl»    lo    B40,    887    (E),    9^4 
(B) 

PbV9iC».     JIO 

Phy*iolo(eic  phennmena,    "ijg,  943   <E) 

lun-nctions.   MD  to  MO 

ToxiciiluKy,    574 

Kc  Saline  injections. 
Salt  hunser.  MO 

Salt-»olution»   of     ^     P.589.   •*!    (Tl 
Saltpeter.    574   (M) 
Salts,  cathartic,  MO  t«  MS,  S44   (M) 

excretion   (hromids.  etc.),   566 

as  irritants,  671 
Salves,   see  Oinmcols. 
Salvia.    107   (M) 
Sambricus,  107  (M) 
Sanatoffen,  764 
Sanatnl.    367 

SanKiiinaria.    101.    20I,    20$    (M) 
Sanfiutnann.  io6 
Sanosc,  764 
Sanial  oil.  701    rM> 
Santalum,    7'»i    ^M> 
Santontca.    74^    I'M) 
Sanioninnm.  746  rM),  B3B  (C) 

in  urine,  841   (C) 
Sapo.  5i»8  (M) 
Safioirrnin.    51  j 
Sapnkrciol,   367 
Sspooaria.   515   (M) 

Saponin    and    sapotoxia    group.    SIS    io 
BIB    (Ml.    8j5    (C),    854    (C).    94i 
(E).  984   fB> 
Saprol.     367 
Sarcontis.   704 
Sarracenia.  T'i 


Sarsa.  sarsaparilla.  s'4>  SiS  <M) 
S«tufrac,   100   CM) 
SasMfros  medulla,   755   <M) 
Samy   bark.   49B    (M) 
Savir.  667.  703   tM) 
Saw-iialmeito,  770  (if) 
Saxifraga,   7J5 
Scab,  66a 
Scubirs.    704 

euicflrin,   376 
Scale-Kklts  oi  iron,  629   (M) 
Srammunium,    733    (M) 
Scarification,   71 1 
Scai-ltMtte.    tbiosmatnin,   705 
Schleich's   anesthesia: 

f:eneral   (mixture),  436 
Dcal   (cocBin),  320 
Schneiderlin-Korff   anestbesia, 
Schocnocaulon,  323 
Sciatic  nerve,    froft'i,  796  (T) 

mammals.   809   (T) 
Scientific  tbcrapeulics,   141 
Srtlla.  484.   498    (M) 
Sclcroidi.  ;o 
Scleroiinic  acid,   500 
ScoiuriuB,   271,   28s,   547   (M) 
Scopolamin.  see   llyosciit 
Scoiiolin,  i37 
S»cori)iofi-bite,  397 
Scropbula.  cod  liwr  oil,  7fis 

pbosphoTua,  658 
Scropbularia,    72s 
Scruple.  35 
Scurvv.  ^94 
SctitrOana,   72$ 
Sea-sickncsst 

bromids,   568 

chTnral  group,  446 

strychnin.  159 
Sea-water,   composition,   601 

baths.  671 
Secalc.  ^00    iM) 
£iecalin.   srcalin  toxin,   500 
Secondary  actions.    123 
Secretin,  305 
Sedatives:  local.  747 

systemic,  see  Hypnotics. 

SecrrtinK   spaces.    31 
Seed  (holany),  ig 

enperinientit.    883 
Seed  emulsion,  6f 

Seeds,   uily   and  demulcent,    754   fM) 
Sridlitf  finwdcr.   545   (M) 
Selective  action,    115 
Selenium,  517 
Semecar|)Ufr,   709 
Semen    (bclany).   18 
SemipeTme-ahle  membranes,  jaj 
Sencfiia.    s'?    (M » 
Senna.  730  CM) 
SenKory  r»ara1ysi«,  88t    (E) 
Sepals.    1 0 
Sierenoa,  770  (M) 
Scrpentaria.  7J3   (M) 
Serum-thrrapy.  801 

rsee   the  individual   discftset) 

Antidi|)bthericum.  SOS.  39s   (M) 

Toxic  actions.  80S 
Selons.  710 
Sevum,   7HJ    (M) 
Sex  on  action  of  dnigt,  127 
Sexual  gland  extracts,  303 
Sherry.  4.'4    (Mt 
Shock:  treatment,   170 

alcohol,  415 

ammonium.  s6t 

digitalis.  406 

ergot.  508 


n 

1066              ^^^^^ 

^^^^^^^^^^H 

production.  8ti    <T) 

Sumnal,  447                                      ^^^^^^| 

reflex   irritants,   715 

Somnifacients.   449                                ^^^^^^H 

ftlrychnin,    158 

luj                                                     ^^^^^H 

"  ShotKun  "   pr«5cru»!ion8,  96 

Soporitics.  449                                   ^^^^^H 

SialogOBucs.  t^9 

^^^^^H 

Si(le-action«   of   drtigs,    1 3 j 

astringents.   686                               ^^^^^H 

Sidr-chain  thrury.   SS9 

577                                      ^^^^^H 

Sidunal.  5M,   509    (Mj 

^^^^H 

Sicvc-tubcs.  30 

SosoD,  764                                           ^^^^^H 

^H» 

Signal   magnet.  $14    (1) 

Soups,  stimulant,  76J                                  ^^^| 

^^^ 

Signature    (prr«crtpticms>.    93 

Soxhlel   evtractur,    $«    (Fig.   41)              .^^H 
Sozuidol.  680,  6A1    (M)                       ^^^^H 

^^^^^^ 

Signatures    (doctrine).    ij6 
Silicate  aluminura.  »ee  Kaolin 

^^^^^K 

t37                                          ^^^^H 

^^^^^B 

maanesiutn,  see   Talcum 
ftudiiim,   75A   (M) 

Spanish   tltes,   707    (M)                       ^^^^^H 

^^^^^V 

^^^^^^H 

■:. 

Silver.   «M.  6j6    (M) 

2JI                                                          ^^^^^^M 

in  vomiting.  686 

Therapeutics,  17S                               .^^^^^M 

atain.    847    (C) 

Materia  medica,  185                      ^^^^^H 

Simarul)a.  7J5 
SinaUtin,    704 

Riblit^rapby.  982                            ^^^^^H 
Spasmodic   affections;                            ^^^^^^H 

Sinnpjs.   704   (M) 

J77                                              ^^^^^^H 

Sinapism,  705 

^^^^^1 

location,   716.    717 

hyoscin,   33$                                        ^^^^^M 

SJnitlc    break    .ihiKk.    79*    (T) 

Species   pedorales.    519    (M)              ^^^^^H 

„  i*<-y.  793  (Tj 

7^0   (M)                               ^^^^^^H 

Sinigrin,  704 

Specific  Bravtty,   *t.  43                      ^^^^^H 

Skin: 

Si<ecific   volume,  43                               ^^^^^^ 

irritants.   MO  to  IMS.   845   to   847    (C) 

Sprctnncopic  chanKe%  in   blood,  8SJ   (C) 

burn!!   by   caustics.  MM 

Spermaceti.    75^    (M>                                                   J 

stains.  ««»,  K46  (C) 

Sperm-whale.  752   (M)                                 ^^J 

Skunk  cabbage,   647    (M) 

Spcrmin.  306                                                    ^^H 

Slippery  elm.  755    <M) 

Sphacelintc  acid.   50a                                    ^^^1 

Smallpnx   vaccme, 

Sphacelotoxin.   sou.  OM                       ^^^^^M 

Smilacina.  498 

Spices.  7Ji.  7^5   (M)                           ^^^^H 

Smilax.  515    (M) 

Spider -poison,  398                                 i^^^^^l 

^^^^H^ 

Stroke!eji»  gun-powder.  475 

Spisclia.  746  <M>                                  ^^^^^ 

^^^^^^B 

SmokinR.   opium,    19J 

Sprnal   convitlsKins,    146 

^^^^^1 

tobacco,  3S4 

Spinal  cord,  destruction,   fro*.    79J   <T)         ■ 

^^^^^B 

Smut,   S09 

section,   mammals.  Sto    fT)                    ^^^ 

^^^^^H 

Snake- root : 

Spines,  bot.-iny,  1$                                          ^^H 

^^^^^H 

black,  see  Cimlcifuga 

Spir;ra,    107    (M>                                                 ^^^H 

^^^^^B 

Canada,   ace    A»arum 

Spiral                i7   i  t'lg.    a)                      ^^^^^H 

Spiritus    ipharmacyl.  ■■                    t^^^^^M 

aetherif,  443   (M)                              ^^^^^H 

^^^^^B 

Virginia,    .tee    Serpenlaria 

^^^^^B 

white,   sec    Kupalorium 

^^^^^ 

Shake-venom: 

nitrosi.  474.  476   <M)                     ^^^^B 

^^r 

actions  and  treatment.  SOT 

ammonia:.    598    tMl;    «   *oIv«n<.    SJ    ^^B 

^^m 

alcohol,   415 

ammnnta;  aroni.,   fit                                     ^^^1 

^B 

scrum,   jg?    (M) 

dttutuf,  4J3   <M)                                         ^^M 

^^B 

strychnin,    T59 

formicanim,  591   (M)                                ^^^B 

^^L 

SneczinK.  substances  prodiKing,  696. 

frtimenli,   4^4   (M)                                        ^^^B 

^^^^H^ 

847    (C) 

gaultheric.    Ill    (M>                            ^^^^M 

^^^^^1 

Snuff,  606 

^lycerylis  nitrates.  a*7  (M>           ^^^^H 
luniixriH  co..   4^5    (M)                       ^^^^^H 

^^^^^^B 

Soop.  598  <M) 

^^f^^ 

Scwp-bark.  514  fM> 

lavandulx             iii    <M)                   ^^^^^H 

^F 

■Itnimcnl,   718    (M) 

menthv   piprritx.   725                          ^^^^^^H 

HI 

wort,  sn   (M) 

mindererj.    56^                                    ^^^^^^H 

^ 

Soda,  597  <M) 

Sudii   chioridum.   540    (M);  see   Salt, 

433                           ^^^^^H 

saponatus.                                                 ^^^^^H 

cm   intestine,    1R9 

424    (M)                          ^^^^^H 

citro-tartras  eff..   546   (M) 

Splanchnic   nerves,  810    (T)              ^^^^^H 

<For  other  sodium  salts.  Me  the  cor- 

Spleen, extracu.  301                             ^^^^^H 

responding   anions.) 

nn  poisons,   tjo                                   ^^^^^^H 

Sodium   ion.  RBS 

Splenic   enlargement,   quinm,    JJQ     ^^^^^B 

Sol,  52 > 

Sprains.  71;                                                      ^^^H 

SoIanace»,  127 

SmuiIIs.  480.  4q8   tM>                                     ^^B 

Solanin,  solanum,  BIS  (M) 

SqitirtinK   cucumber.    714    (Ml                      ^^H 

Solder.  648 

Stains    From    poisons.   MV.  8L46    (O            ^^H 

Solomon's  seal.  498 

Stamen.   19                                                          ^^^| 

Solubilities.  77  to  79 

Standardization,  see  Assaying.            ^^^^^B 
Stands   for  Irvvri,  794    (T)                 ^^^^^B 

Tables,  BM 

Solubility  coefficient,   401,   40a 

Staphisagria,   jai                                         ^^^^^^B 

Solution,  51  to  Bt 

Star-anise,   100  (M>                                 ^^^^^H 

Solution  trnsjon,   5^1 

Starch,   30  (F<8.    t.  p.  sit,  TM  (U>      ^H 

Solutions   (liquores),  59 

Stat-Otto  method.  M                                   -^H 

for  laboratory  work,  s«  Reagents. 

Stavesacre,  .123                                                  ^^^B 

1 

Solutol.  367 

Sleapsin.    7s8                                                          ^^^B 

- 

Solvents  used  in  pfaarmacy.  55 

Stearic  acid.  591    (M).  TU    CM)             ^^1 

^^H 

Solveol.    367.    370 

Stem.  10                                                              ^^H 

L 

Soroatos«,  765 

Strphrn  Hale  manometer.  815   <T>         ^^M 

SHOCK  —  TANl 


Siereoptcne    (siearoptenr).   23 
Sieritjzalion  of  water,  9ttt 
Stcrnuiaioric*.  OM,  847   (C) 
StctliOKraph.   816    (T) 
Stigma,   ig 
Stiriinfjia,   735    (M) 
Stills,   50    iFift.    35) 
Sttmitlaiioi),   flelinilion.    119; 
analysis.   IKS.   875    ( E) 
expcrJmcniA.  87J 
Stipes,    19 
Stumach: 

a<lmtni«tration    by.    133 
evacuation  of.  89,   jij 
irriiaiiofi  by  druKs,  667 
see   Dyspepiia 
Stomacb-tubc.    aniniaU.    804    (T) 
Stomachics.  118  to  TSe,  985    (B) 
Siomata.  31 

Stomatitis,  chlorate.  S77 
Stone,   Mc  Calculi. 
Stone-cells,  27  (Ptg.  4) 
Storax,  699   (M) 
Stovain,  X24  1  M  ) 
StratnifiR  (pharmacy),  55 
Stramnionium.    34 j    (M) 
StrcnRth  of  liquors,  59 

a^trinttcnts   and    antiscfitic^,    692 
pharmacopiial    preparations.   Table 
^       IV.  p    72 

Strontium.   $64    (Ml    (lactate) 
Strophanthus.   487,   489,   497    <M) 

sec  Diititalis  rroup.  477  to  499 
Strychnin    itroup,    14t    to    101,    qBi    <B) 
Pharmacology,    r  43 
Toxicology.    1  55 
Therapeutics,    1 58 
Materia  mcflica,    t6o 
Fsotatinn.  8tJ    (C) 
Tcsn.   8.-5.  B36   (C) 
Exrieriments,  944 
Strvchnoa,   160 
Style,   19 

Styptic  cotton.   691 
Stypticin,  SIO,   jii    (M) 
Styptics.   844  to  845   (C)  • 

see   Hemostatics 
Styracol,    ^70 
Styrax,  699   fM) 
Subcatancous    injections.    m«    Uypodtr- 

mic 
Subcutin,  22$ 
Suttrrln,  76 

Sublimation.  49   fFig.   34) 
Succi,  63 
Sudorjfics,  380 
Suet.  7(7  (M) 
SufFocation.  see  Asphyxia. 
Sunr.   to4    (M) 
in   plants,   22 
as  food.  766 
on  waundi.  6qi 
Suitar  of  lead,   651    (M) 
SuKee«tive  theraprutics,    139 
Suicidal    poinoTi^-iB.    70 
Sulfonal.    447,    448    {M) 
Sulphate*.   M».    $45    fM>,   94J    <E> 
Sulphids.  01s,  67s    rM) 
Sulphilcf.   382.  383.  Vli.  675   (M) 

f^re   Sulphur  dtoxlij ) 
SuJphocarbnlaics,   «cc    PlicnoUulphonatrt 
Sulphocyani.U.    466.    468.    Ittt,    ^7^    (M) 
Sulr>honethvI    mcfhanum,    447.    i4t    (M) 
Sulnh^inmeihanuni.   447.   ♦*•    (M) 
Sulphur  and   ix%  comnoundi,  C7S.  675 

(M).   84q   fC) 
Sulphur   dioxid, 
oas.  411 


solution,   590    (M),  €?4 
see    Sulphites 
Sulphur  waters,  60^.  CIS 
SulphuratctI   hydrugen,   461,   673 
Sulphuric    ether,    443    iM) 
Sul|>huriii  iodidum.  679   IM) 
Sulphurous   acid,   ace    Sulphur    iliuxitl 
Sumach,  690    (M);   see  Poison  sumach 
Sumbul,   697    <M> 
Summaries    of    Experiments.   940 
Summation   of  effects.    13) 
Sun  cholera  mixture,  690   <M) 
Sunbatbs   and   sunliKiit,    712 
Supersaturated   solutions,    51 
Suppositories,  W,  70 
Suprarenal   alkaloid.  287  to  tM 
C'iimpu!iiti<in.    187,    ^93 
PharmacnIoKy,   j88 
Therapeutics,   294 
Materia  medica.   jgs 
Tests,  837    (C) 

Extracts   fui   rxperinients.  788 
Practical  work,   944   (K) 
Bibliof{raph>,  982 
Surface  action,  sio 

evaporation.  48 
Suftccplibility.  131 
Sweat,  see   l>ta|dioretics   and   Anhy- 

droll  cs 
Sweaiinir   fret,  see   Anhydrotka 
Swedisli  movement,  711 
Svrert 
birch.  375   (M> 
cicely,    rog    (Vl> 
clover.  106  (M) 
flag.  109  (M).  7^4  (M> 
Bum,  107  (M> 
oil.  750  (M) 
spirit  of  niter.  476   fM) 
Sweetcninfi  aficnu,    IM,  841    (C) 
Sweriia,   7^3   (M) 
Sydenham's  laud.-)num,    203 
Sympathetic,   cervical.   608    (T) 
Svmplocartius.  697   (M) 
Symptomatic  treatment,   141 
Syncope: 
ammonia,  s^' 
camphor.   464 
reflex  irritants,  606 
Syner»i*tic   action.    138 
S>;philis:  MS 
iodid.    569,   S7I 
mercury.  643 
other   urugs.  643 
Syrupi.   64 
Syrupus.   104   (M) 
acidi  citrici,   lit    fM) 
aromaticus,   iit    fM) 
ferri  ei  mang.  iod..  6x3    CM) 
pini  ftrobi   co..   510   iM) 
scillx  CO..  ^19.  6t9  (M) 
Systemic  actions.    1 43 
Systolic   standstill.   983    (E) 
Syayjium.  77a   fM) 

Tabacum.  367  fM) 
Tal»ell«.  tablets,  69 
Table*   ff)r   chemical  work.   780    (T) 

for   animal   work.  784    (T) 
Txnia,  744 
Talcum,   749   (M) 
Tamarind.  591    fM> 
Tambours.  815  (T) 
Tanacetuffl.  701   (M) 
Tanaaol.   370 
Tannalbin.    688 
Tannlffcn,  688 

Tannin,    it,  «M  to  IN»|,   688    (M).   SiS 
(C>,  «45  ind  846   (E) 
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Tannof orm.  453  <  M^ ' -.  ^•^ 

Tannocin.  453   *»)•  **"* 
Tanocol,  688 
Tansy,    667.    7«3    t»3 
Tapeworm,  1**  .        , 

Tapioca,  jj   (tiB-    •'•  7*' 
Tar,  .17.    <M> 
TaraktoKcnos.  77o   (M) 
Taraxacum,  7*3  (»'         ,„, 
Tartar  emetic  513.  *»«  ifi'.w^ 
Tartarus  f^libiatus.  315.  <i"»   <"> 

irruilc  "J' am.miSV  «d    potash.    6., 

iM) 
Tartrates,   545   *M),  »" 
Ta*le    (»«    Flavors): 

paralysis  by  drugs,   ji6.  WJ   *&/ 
Taxis.   457  ,,- 

Tea.   ni.    173   (M) 

as  antiilote,  89 
Teacup   and  tca«i'oon.  36  ^- 

Technic.   exr*ninental.   IW   to   »» 
Tellurium.  617    (M) 
Temperature:    8jo    ("),    983    IB) 
centers.    3i3 
cocain,  21 ^ 
convnlsanls.   147 
coal   tar  »*^ries,   344 
fever.    350 
morTihin.    187 
quinin.    33*^ 

rule*  ("r  conversion,  37 
an  countcrirritant,   711 
on   muscle.    798   (T) 
Tenesmus,   73") 
Tcrebenum.   702  J>i) 
Terebinthina.    6q8    '«) 
Tcrpini   hydras.   70i    (Mf 
Testicular   extract.   304  ^-    ^ 

Tents  for  organic  drug*.  M«  to  ■*■  tl-l 
Tetaniiing   shocVs.   79*   ^  ^ ' 
Tetanus: 

by  drugs.  H» 
phenomena.    i47 
traumatic.    IM.   305. 
differential    diagnMi*.    'S^ 
experiments.   874  . 

Tetanus,  treatment   fsee  SlrycBn 
antitoxin.   3Q3.  >•*  tM) 
bromidft,  jAS 
chlnroform, 
roniin.    377 
eurare,   J58 
magnesium.  544 
morphin,   joi 
phenol.  361 
iihysoMigmin,  J78 

Tetany.  J95  , 

Tetraiodopyrrrtl.  681    (M) 

Tetroniil.   447.  •*•   5"' 
Textbooks.  790   nt 
Thalleioquin   reacnon.  837    tCJ 
Thallin.    34".   35?,^ 

Tbea.    173    tM> 
Thehaicum,  jo3 
Thebain.   1«3.   148.  l*}\'°* 
Thein,  161    (see  Caffcin) 
Theobroma.   iT4   (M) 

oil.  751    (M) .   ^      ,  .--, 

Theobromin  <»ee  Caffnn).  i6i.  I74  <M) 

Thencin.    170.    174    (M) 

Theophyllin.    l6t 

Therapeutic   tncompatihilily.   75 

ThwTineulics: 

neHnition.    17 

Hintorr.    i^?   to    t4J 

riawificatlon.    140 


Thermodin.   35^    ySi) 
Thermogenetic  centers.   Ji3 

Thiol,  mi,  6:0  (M) 

Thiosinamia.    3^7.    7"5    <») 
Thimulphate*.   «7B    <M> 
Thoracic  duct.  808    (T) 
Thorax,  openine  of.  8o«    (1  J 
Thorium.  634   '^''^j. 
Tbotnapplc.    14^    'M; 
Thre.-»d  *orms,   74* 
ThromlHiM*.  citrate,    S'* 
Thus.  698  <M1, 
Thyme.    loB   <M) 
Thymol.  370  ,„^ 

iortid.   6S0.  f.8i    (Ml 
Thvmii*    (gland),    301 
Thyrrt-Klobulin,    Jt>8  .  _        ._^ 

ThVroid.  sna  to  »••  'M>.  »«■»   <■> 

Thyroideciin,  30"   'W* 

Thyroideclomy.    J95 

Tiennas,   -54.. 

Tilia.   I07    (M)  . 

Time   of  admmistfatioo,    1J8 

Tin.  637  ,  ,      ,  - 

foil   and   vessels.   648 
Tinciura  amara.  7'5 

an ti periodica,   34^   <M.I 

aromalica.    r'S  ,  ,    ,--^ 

cap«>i<  i   et   myrrnir.   7«    vM7 

cardamomi  comp..   7*5  t%M\ 

chloroform!    ct    morph-    en..    44J     '^f 

digitalis.    407    (M>;   preparatioti»   ** 

prrsionis    and   "•'**,<*■'•    ***    *^' 

Mponis  viridis.  7'8   '^»' 

zingiHeris.    7.*5 
Tincture*.  «l 

of  iron,  63<»  'Ml 
Tiisues.  plani^;" 

Tijad-poiion.    »•-    477     „,        . 
Tobacco,  367  rM).  »re  Nicotin 
Tolerance,   131 

TvUt.   70J   (Ml  _. 

Toluifcra.  107.  600  (Ml,  70i   <»> 
Tolvpyrin.  355  /M) 
Tolywl.  355    iM) 
Tomatn.   SIS  ^ 
TunBue.   co«!in(r«.  0*3 
Tonic  spasms,   143 
Tonics.  *)W  to  nt 
baths.  71* 
bitters,    7*< 
climate. 

cocain.    JIO  - 

phosphorii*  compound*,  6S» 
strychnin.    158 
TcnVo,    107   (M) 

Tonnilitis.  chlorate,   $77  1 

Torref action.  46 
Torsinn  balaiKC,  4« 
Tiirticollis.  coniin.  a77 

hyoscin.   238 
Torala.   4^3        ^ 
Toxalbumina.  joB 
Toxemia: 

diuretic*.    548 
saline   injections.    S39 
Toxic   doses.    >-7 
Toxic<.dcndrol.  im 
Toxicologic  analysts.  H   tm  wj 
Extraction.  Rji   »«  83i    <i-) 
Specific  reactions.  85*   »*»  84i    '^T) 

Toxicoloey.  19  to  W.  WIO.  «S| 

tec  Poisoning 
Toxin*,  8«7  *«  *•*«  »«J   <"^ 

actions.    306  ..,,,-         __ 
tre  The   individual   disease* 
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Toxiresin,  478 

Trachea,  isolation,  808  (T) 

injection,    134,  804  <T) 
Tracheids  (bouny),  30 
Tracings: 

method,  793  (T) 

muscle,  798  <T) 

Blood-pressure,  81 1   (T) 
Respiratory,  815  (T) 
Tragacantha,  755  (M) 
Transfusion,  538 
Treatment,   plans  of, 

of  poisoning,  M  to  M 
Tremors,  hyoscin,   238 
Tribromphenol,  621    <M) 
Trichloracetic  acid,  590  (M) 
Trichloraldehyd,  see  Chloral 
Trichomata.  28  (Fig.  7) 
Trichophyton,  704 
Trifolium,   106  (M) 
Triformol,  452   (M) 
Trigonetla,  109  (M) 
Trikresol,  366  (M) 
Trikresolamin,    366    (M) 
Trimethylxanthin,   see  Caffein 
Trinitrin,    477    (M) 
Trinitrophenol,  372   (M) 
Trional,  447.  448  (M) 
Trioxymethylen,  452  (M) 
Triticum.  547 
Triturates,  60 
Trituration   (process),  45 
Triturationea,  67 
Troches,   69 
Trochisci,  69 
Tropacocain,  334 
Tropeins,  227 
Tropin,   227 
Tropism,  457 
Tropon,  764 
Troy  weight.  35,  38 
Trypsin,  758 
Tuber,   18 

Tuberculin,    400   (M) 
Tuberculosis : 

antiseptics,  386 

arsenic.  616 

camphor.  464 

climate.   604,   454 

codliver  oil.  765 

creosote,   368 

cyanid,   470 

hetol.  387 

ichthyol,  674 

iodin,  678 

iodoform.   679;   injections,   387 

morphin,  202 

organ   extracts,   301 

phosphorus  group,  658 

serum,  396 

strychnin,    158 

tonics.  768 

turpentine,  698 

volatile  oils,  702  (M) 

see  Lupus  and   Nightsweats 
Tumenol.  674.   676   (M) 
Tumors,    see    Carcimona 
Turlington's  balsam,  699   (M) 
Turmeric.   108   (M>.  826  fC> 
Turpentine,   898   (M).   826    (C) 

tapeworm.  744 
Turpentine  group,  694,  e»7,  $98   (M) 
Turpcth    mineral,   647    CM) 
Turtle's   heart.   801    (T> 
Tussol.   3S4    (M) 
Typhoid,  see    Fever; 

Wright  and  Scmple  method.  391 


Ulcers,  «M 
antiseptics,  384;  stren|[th,  69a 
balsams  and  volatile  oils,  600  (M) 

Ulmus,  755   (M) 

Ultimate  constituents,  19 

Ultramarine,   103   (M) 

Uncaria,   680    (M) 

Unguenta,  70,  753   (M) 


Unguentum,   753    (M) 

aquae  rosae,  753   (M) 

cetacei,  753  (M) 

Crede,  636  (M) 

resina;,  753  (M) 

simplex,  753    (M) 
Unknown  solutions,  841    (C) 
Upas  tieute,   160 
Uranium,  619  (M) 
Urates  and  uric  acid,  580 
see  Calculi 

solvents,   506,   599    (M) 
Urea,  MO   (M) 

on  heart,  303 

formation   from   ammonium,  560 
Uremia :    (see   Nephritis) 

ammonium,  560 

concentration  of  blood.  538 

pilocarpin,   279 

potassium,  55? 
Ureters.  810  (T) 

Urethane.  434.  43s,  447    (M),  944   (E) 
Urethral  bougies,  69 

injections,    693;    strength,   693 
Urethritis: 

acids,   58s 

alkalies,   595 

antiseptics,   385 

balsams  and  volatile  oils,  700  (M) 

diuretics,  548 

permanganate,  577 

silver.  636 

tannin.  087 
Urfiinea.  498  (M) 
Uric  acid,  see  Urates 
Urinary  antiseptics.   385 
Urine  (see  Diuretics) 

collection,   820   <T) 

color  by  drugs,  7t0 

toxicity,  557 

tests  for  drugs,  842   (C) 
Urosin.  696,  S99   (M) 
Urotropin,  45S   (M) 
Ustilago.  509   (M) 
Uterine   fibroma: 

mammary  and  parotid  glands,  304 

th;trroid,   299 
Uterine    hemorrhage,    ergot,    508 
hydrasttc.  210 

sedatives.  510 

stimulants.  fiOO 
Uva  Ursi,  367,  368  (M) 

Vaccaria.    514 
X'accine.  392  (M) 
Vaccinia,   392    (M> 
\'accin?a   (plant).  690   (M) 
Vaginal  injections,  strength,  692 

suppositorica,  69 
Vagus, 

activity   with  age.    334 

isolation:    frogs,   800   (T) 
turtles.   801    (T) 
mammals,   808    (T) 

drugs  on,  275 

^  experiments,  893 

\'alency  on  toxicity,    551 

Valerates,  696   (M) 

Valerian.  696   (M) 


iotS^^^        valerianates 
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Valcrianatn,    696    (M) 

Walnut.  6qo 

^^H 

Valle-t's  mass,   6^9    iM) 

Warl.urus  pill,  30  (Mi 
tinclure,   34*    (M) 

^^^^^^H 

Value  of  pharmacology,   1*5 
Valvular  lr*iun»,  ncc  Heart  dtscate 

^^^^^^H 

Warniiny  plaster,  7«S 

^^^^^^^M 

Valyl.  6g6   CM) 
Vanadium.  617    (M) 

\\art».  ^93 

^^^^^^^M 

chrysarubin,  709 

^^^^^^^M 

Vanilla  and  vanillin.  107  (M) 

Washes,   59,   13J 

^^^^^^^M 

Van'l   Hoff'a  theory,   jjj 

Vaacular   stimulants   and   tonics,    476 

Water; 

^^^^^^^1 

Actioni.  etc,   5SA 
Distilled,  5J6 

^^^^^^^1 

Vaaelin.  75J   (Ml 

^^^^^^^1 

Vasomotor  stimulants.    1^7 

a«   Laxative.  737 

^^^^^^H 

Vasomotor  nyitem,  drug^  nn,  ftl4    (E) 

Withdrawal.    537 

^^^^^^H 

Veiirtable    astrinKcni».    (MA    to    Ml,    6BS 

Solvent,  55 

^^^^^^H 

<M) 

Stcrtliiation,   38a 

^^^^^^^1 

VegrtaMe  cathartics.  736  to  74« 

as  Irritant,  671 

^^^^^H 

Introduction,    7j6 

Water-Has.  458 

^^^^^H 

neutral  oiU,    7^8 

■rIbss.  756  (M> 

^^^^^H 

anthracene.   7^8 

Watering    nlsccs,    600 
Waters   (pKarmacy),  M 

^^^^^H 

anhydrid  resins.  733 

^^^^^H 

V'eitetablef.   copper  in.   637 
Vehicle    (preficrlbini:),    93 

mineral.  5»»  to  «08 

H^^^H 

Wajic*.    75J    r.Mj 

^^^^^H 

Vein-flow.  81B   (T) 
-pressure,  818  (T) 

WeitihinR.  j8 

^^^H 

Wheat  starch.   2j   (Fif.   1),   »6t 
Whisky,  ^iA    (.M)i   tee   Alcohol 
White  hellebore.  333,   3J9    (M) 

^^^M 

Venesection,  713 
Venin.  we  Snake-poison 

^^^H 

^^^H 

Vcntilalion.  459 

lead.  654  (Vft 

^^^H 

Vcntriclcstriiis,   801    (T) 

pine    expectorant.    ^19    (M) 

^^^H 

Veratrin  froup.  MS  to  SM«  98^  (B) 

precipitate,  ft*?   <M) 

^^^1 

Composition,   ^33 

vitriol.  638  (M) 

^^^1 

Phamiacolofry,    33^ 

WhoopinK  couKh.  see  Pertuuia 

^^^M 

Thrrapeiitics.    3^8 

Wild  cherry,    47<    <M) 

^^^M 

Materia  tncdica,   3^9 

ginger,   no   (M) 

^^^M 

Tests,  837    (C) 

Williami  apparatus,  B94  (T) 

^^^M 

Practical   work,   94J 

Wine-measure,  36 

^^^M 

Veratrol.   370 

Wine-gla*»,  36 

^^^M 

Vcratrum.    see    Veralrim 

Wines.  411.  4>J.  4tB.  4J4(M) 

^^^^^^^ 

Verboscura,   j8  (Fi|:.  7) 

medicated.  63 

^^^^^^^ 

VertnicidM  and   vermifuges,   741 

Wintercretn.   100   (Ml.  j»« 

^^^^^^H 

Veronal.  44?   (M) 

Witchhaxcl,  689   (M) 

^^^^^^^^M 

Veronica,    735    (M) 

Wulfhane.  3^3 

^^^^^^H 

Vesicant  and  vesication,  S61,  847  <C> 

Wood.    19.  80 

^^^^^^H 

canth.nrdin   nmup,   705 

Wm.d  alcohol,  4IS,  839    (C> 

^^^^^^H 

therapemics.  7M 

Wood-wool.   755    tM) 

^^^^^^H 

Vessels    (butany),    ^9,   30 

Vessels,    drugs   un,    9«,    gio,    gtj    (£). 

Wool-fat.    75'    <M) 

^^^^^^H 

W<w>rara.  see  Curare 

^^^^^^H 

98»    (B) 

Worm-wood.    7^4    (M) 

^^^1 

Viburnum,    510   (M>.   tjj 
Vienna   paste,   597    (Nf) 
Vina   medirata.   92 

seed.   745.  746   (Ml 
Horms,   see    .\nthelmintic».   t4t 

^^H 

to   7«fl  ^^ 

Wounds,    emollients,    etc..    74B 

Vincftar.  ^90  (M) 

volatile    oiU    and    tialsams,    699 

(M>              J 

Vinum  album,  4^4    (M) 

Writing  points,   704 

rubrum.  434  (M> 

^^^1 

portcnsc.  4^5    <M) 

X-rays.  714 

^^^H 

xcricum,  4J4   (M) 

Xanthin,    lOi,    169 

^^^^^^^H 

Viola,  6go 

Xanthoxylum,    7.'!    Od) 

^^^^^^H 

Viscidity  of  colloidB,  sat 

Xeroform,  6ji   (M) 

^^^^^^H 

Viiellm.  658 

^^^^^^H 

Vitriol.    Blue.  638    (M) 

Yarrow.  7^4    ^M> 

^^^^^^H 

Green,  sec  Ferrous  sulphate 

Veast.  301 

^^^^^^H 

White.  638  (M) 

Poisons  on.  851    (Q 

^^^^^^H 

Oil.  589    (M) 

Yellow  dock,  690 

^^^^^^H 

Volatile  irritants.  OT© 

jasmine,   284   (M) 
wash.   646    CM) 

^^^^^^H 

Volatile  oils: 

^^^^^^H 

Composition.  33 

Verba,    santa.   »«   (M^ 

^^^^^^H 

Flavors,   lojj 

V..himhm,  SM  fM).  981   CB) 

^^^^^^H 

Irritants.    MM  to  705,  985    fB) 

Yoving's  rule.  IJ7 

^^^^^^H 

Tests.  826  (C) 

^^^^^^^^1 

Vomttinit.    see   Emesis  and   nypererarsfi 

Zedoaria.  7^6 

^^^^^^H 

Vulcanized  rubber.   7^3 

Zinc,  m.  63R   (M> 

^^^^^^H 

Vulnerarirs,   697 

as  emettc,  118.  941    CE) 

^^^^^^H 

Wafers.  f,S 

as  styptic.  691 
ZinRiher,  726 

^^^H 

Wahoo.  498   (M) 

Zygadenus.   324 
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on 


Practice,  Pharmacy, 
Materia  Medica,  Thera- 
peutics, Pharmacology, 
and  the  Allied  Sciences 


W.  B-  SAUNDERS   COMPANY 

925  WALNUT  STREET  PHILADELPHIA 

9.  HENRIETTA  STREET.  COVENT  GARDEN.   LONDON 


SAUNDERS'  SUCCESSFUL   PUBLISHING 

AS  is  well-known,  the  lists  of  most  publishers 
contain  a  number  of  books  that  have  never 
paid,  and  for  which  the  publisher  will  never  get 
back  the  money  invested.  Messrs.  W.  B.  Saunders 
Company  would  call  attention  to  the  fact  that 
they  have  no  such  works  on  their  list.  In  all  the 
years  of  their  business  experience  they  have  never 
published  a  book  at  a  loss.  This  they  confidently 
consider  a  most  remarkable  record,  and  submit  the 
fact  to  the  attention  of  the  profession  as  an  example 
of  what  might  justly  be  called  "Successful  Pub- 
lishing." 

A  Complete  Catalogue  of  our  Publicadont  will  be  Sent  upon  Request 


SAUNDEfiS'    BOOKS   ON 


AMERICAN   EDITION 


NOTHNAGEL'S  FRACTIC 


# 


UNDER   THE   EDIIORIAL   SUPERVISION    OF 

ALFRED   STENGEL.  M.D. 

Professor  of  Clinical  Medicine  in  ihe  L'niversity  of  F'cnnsylvania;  V'ititing 
Physician  to  tlie  Pennsylvania  Hospii&l. 


BEST  IN 
EXISTENCE 


FOR  THE 
PRACTITIONER 


be  bi^H 
iftlatioarlH 


It  is  universally  acknowledged  that  the  Genxians  lead  the  world  in  Internal  Medictne; 
Df  all  the  German  works  on  tfns  subjecl.  Nothnngel's  "  Specie  lie  Paihulogic  und  Thenpte' 
15  conceded  by  scholan  to  be  without  qurstion  the  best  Praciicc 
of  Medicine  in  existence.  So  necessary  is  this  book  m  the  9taAf 
of  Internal  Medicint?  that  it  comes  largely  to  this  country  a  Ifae 
original  Gcrm-in.  In  view  of  these  facts.  Messrs.  W.  B.  SamAen 
Company  have  arranged  witli  the  publishers  of  the  GermAD 
lo  issue  at  once  an  authoriied  American  edition  of  this  great  Practice  of  Medicine. 

For  the   prcKnt  a  set  of  za  volumes,  selected  with  especial  thought  of  ihr  needs  ollhe^ 

practuJDg  physician,  will  be  published.    These  volumes  wtll  oo»- 

taJn  the  real  essence  of  the  entire   work,  and   the  purchaser  wxQ'l 

therefore  ubtain,  at  less  than  half  the  cost,  the  creani  of  dke 

ioai.     Later  the  special  and  more  strictly  sdeniific  i 

be  offered  from  time  to  time. 

The  work  will  be  translated  by  men  possessing  tliorough  knowledge  of  both 

German,  and  each  volume  will  be  edited  by  a  prominent  spcciidist.     It  will  thus 

thoroughly  up  to  date,  and  The  American  edition  will  be  more  tbaD  a  mere  iranftlatioa 

in  addition  to  Ihe  mutter  contained  in  the  original,  it  will  retimg4<! 
the  very  latest  views  of  the  leiifling  American  and  Elnglish 
ists  in  the  various  departments  of  Internal  Medicine,      M< 
as  each  volume  will  be  revised  to  the  date  of  its  publication  by 
eminent  editor,  the  objection  ttiat  has  heretofore  existed  to  ii 
published  in  »  num1>er  of  volumes  will  be  obviated,  since  the  subscnber  will  rrveive  the 
plelcd  work  while  the  earlier  volumes  arc  still  fresh.     Thr  .American  publication  of  Ihe 
work  is  under  the  editorial  supervision  of  Dr.  ALFRED  Ste>gel.  who  has  selected  the 
for  the  American  Edition,  and  has  chfis<*n  tht-  editors  nf  Ihe  different  volunea. 

Tlie  usual  method  of  publishers  when  issuing  a  publi 
this  kind  has  been  to  require  physicians  to  take  the  cntir«< 
This  seems  to  us  in  many  cases  to  be  undesirable.     Tbere^svr, 
puTchasin]^  this  Practice  physicians  will  be  given  the  opporrai 
of  subscribing  for  it  in  entirety;  but  any  single   volume  or 
number  of  volumrs.  each  complete  in  itself,  may  t>e  obtained  by  those  who  do  not  dctttv 
complete  series.    This  latter  method  offers  lo  Ihe  purchaser  many  advantages  which  will 
depreciated  by  those  who  do  not  care  to  subscribe  for  the  entire  work.     St/iirrr/^i 

SEE  NEXT  TWO  PAGES  TOR  LIST 


PROMINENT 
SPECIALISTS 


VOLUMES  SOLD 
SEPARATELY 


FRACTICE    OF  MEDICLXE, 


AMERICAN   EDITION 

NOTHNAGEfS  PRACTICE 

Per  volume :  Cloth.  95-00  net 
VOLUMES  NOW  READY  Half  Morocco,  16.00  net 

Typhoid  and  Typhus  Fevers 

Ity  TMt.  H.  CiHSCHMANN,  of  Leipsic.  The  entire  volume  edited,  with 
additions,  by  William  Osler,  M.  D..  F.  R.  C.  P.,  Regius  Professor  of  Med- 
icine, Oxford  University,  Oxford,  England.  Octavo  volume  of  646  pages, 
fully  illustrated. 

Smallpox  (including  Vaccination ),  Varicella,  Cholera  Aiiiatica» 
Cholera  Nostras.  Erysipelas.  Erysipeloid,  Pertussis,  and 
Hay  Fever 

By  Dr.  H.  Immermann.  of  basic  ;  Ok.  Th.  von  JtrRUEWSEN,  of  Tubingen  ; 
Dr.  C.  Liehermeister,  of  Tiibingcn  ;  Dr.  H.  Lrnhartz.  of  Hamburg; 
and  Dr.  V*.  .Sticker,  of  diessen,  "The  entire  volume  edited,  with  additions, 
by  Sir  J.  W.  Moore.  M.D.,  F.  R.  C.  P.  I..  Professor  of  Practice,  Royal  Col- 
lege of  Surgeons,  Ireland.     Octavo,  682  pages,  illustrated. 

Diphtheria,  Measles,  Scarlet  Fever,  and  R5theln 

by  William  P.  .Nortiikii'.  M.  D..  of  New  York,  and  Dr.  Th.  von  JtJR- 
GENSEX.  of  Tubingen.  The  entire  volume  edited,  with  additions,  by  William 
P.  NtiRTHRi'p.  M.  D.,  Professor  of  Pediatrics,  I'niversity  and  Bellevue  Hos- 
pital Medical  College.  New  York.  Octavo,  673  pages,  illustrated,  including 
24  full-page  plates,  3  in  colors. 

Diseases  of  the  Bronchi,  Diseases  of  the  Pleura,  and  Inflam- 
mations of  the  Lun{(s 

liy  Dr.  K.  .a.  Hi»i-KMANN,  of  Leipsic  ;  Dr.  O.  Rosenbach,  of  Berlin  :  and 
Dr.  F.  Ai'FREcHT.  of  Magdeburg.  The  entire  vulume  edited,  with  additions, 
by  JijHN  H.  Mt'ssER,  M.  D..  Professor  of  Clinical  Medicine.  Universit>'  of 
Pennsylvania.  Octavo,  1029  pages,  illustrated,  including  7  full-page  colored 
lithographic   plates. 

Diseases  of  the  Pancreas,  Suprarenals,  and  Liver 

Py  Dr.  L.  t>sER.  of  \'ienna  ;  Dk.  E.  Nei'ssek,  of  Vienna,  and  Drs.  H, 
yii|><fCKE  and  G,  Hoppe-Skvler,  of  Kiel.  The  entire  volume  edited,  with 
additions,  by  Reginald  II.  Fritz,  A.  M..  M.  D.,  Mersey  Professor  of  »he 
Theory  and  Practice  of  Physic.  Har\ard  University  ;  and  Frederick  A. 
Packard,  M.  D. .  Late  Physician  to  the  Pennsylvania  and  Children's  Hos- 
pitals.    Octavu  of  918  pages,  illustrated. 

Diseases  of  the  Stomach 

By  Dr.  F.  Rietjel.  of  Giesscn.  Edited,  with  additions,  by  Charles  G. 
Stockton,  M.  D.  .  Professor  of  Medicine,  University  of  Buffalo.  Octavo  of 
835  pages,  with  29  text-cuts  and  6  full-page  plates. 

JufI  Reftdy 
Diseases  of  the  Intestines  and  Peritoneum        The  New  yiA)  EditioD 
By  Dr.  Her.mann  Nothnagel,  of  Vienna.     The  entire  volume  edited,  with 
additions,  by  H.  D.  Rolleston,  M.  D..  F.  R.  C.  P.,  Physician  to  St.  George's 
Hospital,  London.     Octavo  of  1100  pages,  finely  illustrated. 
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AMERICAN    EDITION  ^ 

NOTHNAGEL'S  PRACTICE 

Per  volume  :   Cloth.  SSOO  net 
VOLUMES  NOW  READY  Half  Morocco.  S64N1  oc« 

Tuberculosis  and  Acute  General  Miliary  Tuberculosis 

Hy   Dr.  <j.   CokneT.  of  Berlin.      Edited,   wiih  addinons.  by   Walt 
Jamf.s,  M.  D..  Professor  of  the   Practice  of  Medicine,  Columbia  Univenny, 
New  York.     Octavo  of  806  pages. 

Diseases  of  the  Blood  [j^nemia,  chlorosis,  Lfuiemia^  and  PieudoUukamim)  j 

by  Ur.  p.  Ehrlich.  of  Frankfort-on-thc-Main  ;  Dr.  A.  Lazarus,  of  Char- 
lottcnburg ;  Dr.  K.  von  Nookpen,  of  Frankfort-on-lhe-Main  .  and  Dn, 
Felix  Pinkus.  of  Herlin.  Tlie  entire  volume  edited,  with  additions,  by  Alfred; 
Stengi-x,  M.  D..  Professor  of  Clinical  Medicine,  I'niversily  of  Pcnnsylvi 
Octavo  of  7i4pa;^'es.  with  texi-cuts  and  13  full-page  plates,  5  in  colon. 

Malarial  Diseases,  Influenza,  and  Dengue 

By  Dk.  J.  Mannahekg,  of  Vienna,  and  Dk.  O.  Leichtenstern.  of  Co] 
The  entire  volume  edited,  with  adxlilions,  by  Ronald  Ross,  F.  R.  C.  S.  (1 
F.  R.  S.,  Professor  of  Tropical  Medicine,  University  of  Liverpool  ;  J.  \V.  W 
Stephens.  M.  D..  I).  \\  H..  Walter  Myers  Lecturer  on  TropicaJ  Medicioe., 
University  of  Liverpool ;  and  Alhkkt  S.  C.rvsbaim.  F.  R.  C.  P.,  Professpri 
of  ICxperimental  Medicine,  University  of  LiverpooL  Octavo  of  769  pBgcs,i| 
illustrated.  | 

Diseases  of  Kidneys  and  Spleen,  and  Hemorrhagic  Diatheses 

lly  Dk.  H.  Sknator,  of  Ucr]in,  and  Dr.  M.  I.ittkn.  of  Herlin.  I'hc  cntir«! 
volume  edited,  with  additions,  by  James  [1.  Herrick,  M.  I).,  I^rofcssr-r  of  the' 
Practice  of  Medicine,  Rush  Medical  College.     Octavo  of  815  pa^cs.  iUa^ 

Diseases  of  the  Heart 

Uy  PKt)F.  Dk.  L.  von  Schrotter.  of  Vienna  ;  Pkof.   Dr.  Th.  vos 
oensen.  of  Tubingen  ;  Prof.  Dr.  L.  Krf:hl,  of  (jreifswald  :  and  !*uii|.-. 
H.  ViEKOROT,  of  Tiibingcn.     The  entire  volume  edited,  with  additiuns, 
George   Dock,    M.  D.,    Professor  of  Theon.  and   !*ractice  of  Medicine  anj) 
Clinical  Medicine,  Universit}' of  Michigan,  Ann  Arbor.    Octavo  of  about  it 
pages,  with  72  text  illustrations  and  6  colored  plates. 
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SOME    PRESS   OPINIONS 


London  Lancet  ( Typhoid  volume) 

"  Wc  wcicomr  the   translation  into  English  of  this  excellent  practicr  of  medi 
first  vohime  contains  a  vii&t  amount  af  useful  information,  and  the  fonhcuoiing  Tolum«« 
ownKed  with  iiileresi."  1 

Journal  Americaa  Medical  Auociationf  Tuhf^rculom  v^tHme) 

"  We  know  uf  no  single  Ircalise  covering  the  subject  so  thoroughly  m  all  its  as|irct«  i 
lhi&  great  German  work.  ...  It  n  one  of  the  most  cxtiausttve,  practical,  and  saia5%ctr«j 
wnrka  on  the  subject  of  tuberculosis." 

Medical  News,  New  York  {Liver  voiutm) 

I^avei  nothing  to  he  desired  in  the  way  of  completeness,  of  inlbrnialios,  orderly 
ment  of  the  text,  thoroughgoing  up-tO'dateness,  handiness  for  reference,  and  eaJiai 
cuation  of  the  subjects  treated." 

EACff  VOLUME  IS  COMPLETE  IN  ITSELF  AND  IS  SOLO  SEPARATCL* 
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Anders* 
Practice  of  Medicine 

Just  Issued— New  (8thj  Edition 


A  Text-Book  of  the  Practice  of  Medicine.  By  James  M.  Anders, 
M.  D.,  Ph.  D.,  LL.  D.,  Professor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Medico-Chirurgical  College,  Pliiladdphia.  Hand- 
some octavo,  1297  pages,  fully  illustrated.  Cloth.  SS-SO  net;  Sheep 
or  Half  Morocco,  $7.00  net, 

OVER    27.000  COPIES   SOLD 

The  success  of  this  work  as  a  text-book  and  as  a  practical  guide  for  physi- 
cians has  been  truly  phenomenal,  it  now  having  reached  its  eighth  edition.  This 
success  is  no  doubt  due  to  the  extensive  consideration  given  to  Diagnosis  and 
Treatment.  Differential  Diagnosis  being  dealt  with  under  separate  headings,  and 
the  points  of  distinction  of  simulating  diseases  presented  in  tabular  form. 
Among  the  new  subjects  added  are  Rocky  Mountain  Spotted  Fever.  Splanchnop- 
tosis,  Cammidgc*  s   Test  for  Glycerose,    Myasthenia  Gravis,    Pseudotuberculosis, 

'  Benign  Cirrhosis  of  the  Stomach,    Intestinal    Lilhiasia.    Intestinal    Calculi,    Red 

Light   in    Variola,    Emulsion-albuminuria,   and    Adams-Stokes*    Syndrome.      Im- 

^H     portant  additions   have  also  been  made  to  diseases  which  prevail  principally  in 

^H    tropical  countries. 


PERSONAL  OPINIONS 


iM  C.  Wibon.  M.  O.. 

Prtfenor  of  the  /^adice  of  Meiiiciiu  and  0/  CUnical  Mtduine,  Je^erson  hUdicat  CalUft 

PkiUdelpkU. 
"  U   is   an   excelknt   book — concise,  comprehenilvc,  thorough,  and   up-to-d«le.     It   11   a 
credit  to  you;  but.  more  ihaa  (hat.  it  U  a  eredli  to  the  proressJon  of  Philadelphia — to  us." 

Wm.  E.  Quine,  M.  D. 

Fraftiiiyr  of  Mtdicint  and  Climical  Mtdiciiu,  CcUtgt  ef  Pkyndams  and  Smr^nmi,  Ckui^. 
"  I  consider  Anders'  Practice  one  of  the  best  single-volume  works  before  th«  profestjon  at 
this  time,  aiid  one  of  the  best  text-books  for  medical  students." 

B«dletin  of  the  Johns  Hopkins  Hoipstal 

■  The  success  «>f  ihis  wurk  ts  wcU  deserved.  .  .  .  The  sections  on  treatment  are  exceh«nt 
and  add  grcaily  to  the  value  of  this  work.  Dr.  Anders  ii  10  be  congmtubied  un  the  coritinued 
succeu  of  hii  iext-t>ook." 


sJcwDE/^sr  aooA's  ox 


Pusey  and  Caldwell  on 

X-Rays  J 

in  Therapeutics  and  Diagnosis 


The  Practical  Application  of  the  Rontgen  Rays  in  Therai 
and  Diagnosis.  By  William  Allen  PL.-itiv,  A.  M.,  M.  O.,  Trufcss 
of  Dermatology  in  the  University  of  Illinois;  and  Eugene  W.  Cau 
WELL.  B.  S.,  Director  of  the  Kdward  N.  Gibbs  X-Ray  Memoriil 
ratory  of  the  University  and  Bellevuc  Hospital  Medical  College,  N< 
York.  Handsome  octavo  of  625  pages,  with  200  illustrations,  near! 
all  clinical.     Cloth,  ^5.00  net;  Sheep  or  Half  Morocco,  #6.50  net 

RECENTLY  ISSUED -NEW  1 2d)  EDITION.  REVISED  AND  ENLARGED 
TWO  LARGE  EDITIONS  IN  ONE  YEAR 

Two  large  editions  of  this  work  within  a  year  testify  to  its  practical  value  to 
both  the  specialist  and  general  practitioner.  Throughout  the  work  it  has  bc«a 
the  aim  of  the  authors  to  elucidate  the  practical  aspects  of  the  subject,  and  to 
this  end  the  text  has  been  beautifully  illustrated  \vi\h  clinicai  pictures,  showine 
the  condition  before  the  use  of  the  X>rays,  at  various  stages  of  their  appUcabofi. 
and  the  final  therapeutic  result  obtained.  Details  arc  also  given  regarding  the  use 
and  management  of  the  apparatus  necessary  for  X-ray  work.  iUustratsag  tbc 
descriptions  with  instructive  photographs  and  drawings.  In  making  the  re\'bioti 
the  histories  of  the  cases  cited  have  been  brought  down  to  the  prvseiu  time. 


OPINIONS  or  THE  MEDICAL  PRESS 

British  Journal  of  Dcrmatolo^ 

"  The  most  complete  nmi  up-to-date  contnbulion  on  the  subject  of  the 
of  the  Ront^cn  mys  which  h.is  hern  publiiihed  in  English." 

Boston  Medical  and  Surreal  Journal 

"  It  is  indispensable  to  those  who  use  the  X-rays  as  a  tbcnpeutic  afenl ;  and  its 
are  so  numerous  .  .  .  that  it  becomes  valuable  to  every  one." 

Now  York  Medical  Journal 

"  We  have  nothing  hut  praise  for  this  volume,  the  combiDed  work  of  two  a 
whom  no  one  is  tMlter  fitted  by  troinm^  or  experience  (o  vrritc  la  hU  Imfiridual  6«1d 
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Sahli's  Dia£(nostic  Methods 

Editors ;  Francis  P.  Kinntcutt,  M. D.,  and  Nath'I  Bowditch  Potter,  M. D. 


I  A  Treatise  on  Diagnostic  Methods  of  Examination.  By  Prof. 
HDr.  H.  Sahli,  of  Bern.  Edited,  with  additions,  by  Francis  P.  Kinni- 
^■CUTT,  M.  D.,  Professor  of  Clinical  Medicine,  Culumbia  University,  N.  Y. ; 
Hend  Nath'l  Bowditch  Potter.  M.  D.,  Visiting  Physician  to  the  City 

and  French  Hospitals,  N.  Y.   Octavo  of  1008  pages,  profusely  illustrated. 

Cloth,  ;56.50  net;  Half  Morocco,  $8.00  net 

•  RECENTLY  ISSUED 

Dr.  Sahli's  Kreat  work,  upon  its  publicacidn  in  German,  was  immediately 
recognized  as  the  most  important  work  in  its  6eld.  Not  only  are  all  methods 
of  examination  for  the  purpose  of  diagnosis  exhaustively  considered,  but  the  ex- 
planation of  clinical  phenomena  is  given  and  discussed  from  physiolo^c  as  well 
as  patholo^c  points  of  view.  In  the  chemical  examination  methods  are  described 
so  exactly  that  it  is  possible  for  the  clinician  to  work  according  to  these  directions. 

Lewellyt  F.  Barker,  M.  D. 

Proftisor  of  the  Prituiples  and  Practice  of  Mediate^  Johtu  H.^f-kins  Umvcrttty 
"  I  am  delighted  with  it,  and  tt  wnll  be  a  pleasure  to  recommenil  it  to  our  students  m  tb« 
Johns  Hopkins  Medical  Sctioul." 


rriedenwald  and  Ruhrah 
on  Diet 


r 


Diet  in  Health  and  Disease.  By  Julius  Friedenwald,  M.  D., 
Clinical  Professor  of  Diseases  of  the  Stomach,  and  John  Ruhkah, 
M.  D.,  Clinical  Professor  of  Diseases  of  Children,  College  of  Physicians 
and  Surgeons.  Baltimore.     Octavo  of  728  pa^cs.     Cloth,  ^00  net. 

RECENTLY    ISSUED- NEW  {2d)  EDITION 

This  work  contains  a  cumplcie  account  of  food-slufTs,  their  uses,  and  chemical 

■  composition.  Dietetic  management  in  all  diseases  in  which  diet  plays  a  part  in 
treatment  is  carefully  considered.  The  feeding  of  infeints  and  children,  of  patients 
before  and  after  anesthesia  and  surgical  operations,  and  the  latest  methods  of 
feeding  after  gastro-intestinal  operations  are  all  taken  up  m  detail. 

G«>r^  Dock.  M.  D. 

^.  Proftiwr  of  Tfuory  and  Practice  and  of  Clinical  Mtdicint,   University  of  AftcAigoM^ 

^B  "  It  seems  to  me  that  you  hare  prepared  the  most  val\xQb\«  «otV  o\  \\\tV«v<V  t^o^w  ^.'••iiftaM^*, 

^K  1  un  especially  glad  to  see  the  long  list  or  analyses  ol  dinerenl  Aou^  *di  ^oo^s." 


SAUNDERS'   BOOKS  ON 


RoUeston  on  the  Liver 


4 


Diseases  of    the   Liver,   Qali-bladder,  and    Bile^ucts.     By^ 

D,  Rou,ESTON,  M.  D-  (Cantab),  F.  R.  C.  P.,  Physician  to  St.  Gcorge'i 
Hospital,  London,  England.     Octavo  volume  of  794  pages,  fully  illi 
trated,  including  a  number  in  colors.     Cloth,  ^6.00  net. 

ENTIRELY   NEW    RECENTLY   ISSUED 

This  work  covers  tlie  entire  Held  of  diseases  of  the  liver,  and 
vulumiiious  work  on  this  subject  in  English.  Dr.  Kolteston  has  for  many  ycH^ 
past  devoted  his  time  exclusively  to  diseases  of  the  digestive  or^^ans.  and  anv* 
thing  from  his  pen.  therefore,  is  authoritative  and  practical.  Special  attentioa 
given  to  pathology  and  treatment,  the  former  being  profusely  iUustraird. 


Medical  Record,  New  York 

"The  must  extensive  truatise  on  diseases  of  ihe  liver  yet  published  in  EngUUi.  . 
fleets  an  unusual  degree  of  experience  in  a  difficult  but  highly  important  hrtncb  of  ktady*^ 


I 


Boston's 
Clinical  Diagnosis 


Clinical    Diagnosis.       By    L,    Napoleon    Boston.  M.D..  Adjundj 
Professor  of  Medicine  and  Director  of  the  CLnical  Laboratories.  Mi 
ico-Chirurgical  College,  Philadelphia.     Octavo  of  563  pages,  with 
illustrations,  many  in  colors.     Cloth,  $4,00  net. 

RECENTLY  ISSUED— NEW  (2dl   EDITION 
TWO   EDITIONS    IN    ONE   YEAR 

Dr.  Hoston  here  presents  a  practical  manual  of  the  cHnical  atifl 
examinations  which  furnish  a  guide  to  correct  diagnosis,  giving  only  such  mt 
however,  which  can  be  carried  out  by  the  busy  practitioner  in  his  office  as 
as  by  the  student  in  the  laboratory.      In  this  new  second  edition  the  e-ntire 
has  been  carefully  and  thoroughly  revised,  incorporating  all  the  newest  mAv\ 

Boston  Medical  and  Surgical  Journal 

"  lie  his  ptoAucttA  a  VooV^  >k\\\cU  may  be  regarded  emiaeotly  as  a  praccica]  a»d 
able  guide.  .  .  .  The  ^Wu-ATaVxo-n-b  wt  \io>N\  wK^wi^a  «»^  ^ja«d." 


GET  M •  THE  NEW 

THE  BEST  I\  m  C  r  1  C  Si  H  STANDARD 

Illustrated   Dictionary 

Just  Issued— New  {4th)  Edition 


r 
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The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine.  Surgery,  Dentistry, 
Pharmacy,  Chemistry,  and  kindred  brunches;  with  over  lOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newman 
Borland,  M.  D.,  Editor  of  "The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  over  800  pages,  bound  in  full  flexible  leather. 
Price,  $4.50  net;  with  thumb  index,  ^5.00  net. 

WITH  2000  NEW  TERMS 

The  immediate  success  o(  this  work  is  due  lo  the  special  features  that  disdn- 
^ish  it  from  other  books  of  its  kind,  h  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  lai^ 
inches  thick.  In  this  new  edition  the  book  has  been  thoroughly  revised,  and 
upward  of  two  thousand  new  terms  have  been  added. 
Howard  A,  Kelly.  M.  D..  Proftstor  of  Oyntcologj,  Johns  HQfkims  UmversUy,  Battimorr. 

"Dr.  Dorland's  diciionon-  is  admirable.     It  is  so  well  gotten  up  and  of  such  convenient 
siie.    No  errors  have  been  foiind  in  my  use  of  it." 


Goepp's 
State  Board  Questions 

5tate  Board  Questions  and  Answers.     By  R.  Max  Goepp,  M.  D., 

Professor  of  Clinical    Medicine,    Philadelphia   Polyclinic.     Octavo   of 

800  pages, 

READY  SOON 

Every  graduate  who  desires  to  practice  medicine  must  pass  a  State  Board 
Examination,  and  to  aid  him  in  successfully  passing  such  an  examination  this  work 
will  be  of  inestimable  value.  Dr.  Goepp  has  taken  ^reat  pains  to  collect  the  many 
questions  asked  in  the  past  by  Boards  of  the  various  States,  and  hasarranj;cd  and 
classified  them  under  subjects  in  such  a  manner  that  the  prospective  applicant  can 
acquire  the  knowledge  on  any  branch  with  the  least  difficulty. 


to 
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Stevens' 
Modern    Therapeutic 
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A  Text-Book  of  Modem  Materia  Medica  and  Therapeutics 

A.  A.  Stevens,  A.  M.,  M.  D.,  Lecturer  on  Physical  Diagnosis  in  the 
University  of  Pennsylvania.     Octavo  of  670  pages.     Cloth,  ^3.50  net 


RECENTLY  ISSUED— NEW  Uth)  EDITION 
Adapted    to    the     New    ( I905)    Pharmacopeia 


-^TfT-^ni 


Dp.  Stevens,  by  his  extensive  leaching  experience,  has  acquired  a  clear. 
concise  diction  that  adds  greatly  to  his  work's  pre-eminence.  In  this  edition 
new  articles  have  been  added  on  Scopolamin,  Ethyl  Chloride  TheociD,  V'eronal. 
and  Radium,  besides  much  new  matter  to  the  section  on  Radiotherapy.  The 
numerous  changes  in  name  or  strength  of  varioi|S  drugs  and  preparations,  as 
called  for  by  the  new  Pharmacopeia,  have  also  been  made.  The  work  includes 
the  following  sections  :  Physiologic  Action  of  Drugs;  Drugs;  Remedial  Measures 
other  than  Drugs  ;  Applied  Therapeutics  ;  Incompatibility  in  Prescriptions  ;  Table 
of  Doses;  Index  of  Drugs;  and  Index  of  Diseases;  the  treatment  being  elua- 
dated  by  more  than  two  hundred  formulae. 


OPINIONS  OF  THE   MEDICAL  PRE:SS 


Ufuvenitx  Medic&l  Magazine 

"The  author  has  faithfully  presented  modem  therapeutics  in  a  comprehenatTe 
and  It  will  be  found  a  reliable  guide  and  sufficiently  comprehensive  for  the 
practice." 

Briftol  Mwdko-Chimrfical  Journal,  Bristol 

"This  addition  10  the  numerous  works  on  Therapeutics  Is  distinctly  a  good 
is  10  be  rtcommended  as  being  systetnatie.  clear,  concise,  very  kirly  up  to  dale,  and 

iidcxtd. ' 


Monro's  Manual  of   Medicine 

Manual  of  Medicine.     By  Thomas  Kirkpatrick  Monro,  M.  A..  M.  D.. 
Fellow   of,    and   Examiner  to.    the   Faculty   of  Physicians  and   Sur^eoD^ 
England  ;  Glasgow  Physician  to  Glasgow  Royal  Inhrmary,  Glasgovr. 
Octavo  vo\\in\«  of  ^i  pages,  illustrated.     Cloth,  I5.00  net. 


THE  PRACTICE   OE  MEDICIXE. 


II 


Hatcher  and  Sollmann's 
Materia  Medica 

A  Text-Book  of  Materia  Medica:  including  Laboratory  Exercises 
in  the  Histoloj^ic  and  Chcmic  Examination  of  Drugs.  By  Robert  A. 
Hatcker.  Ph.G.,  M.  D.,  of  Comcli  University  Medical  School,  New 
York  City;  and  Toraud  Sollmann.  M.D..  of  the  Western  Reserve  Uni- 
versity, Cleveland,  Ohio.    !2mo  of  41 1  pages.    Flex.  leather,  52.00  net. 

RECENTLY   ISSUEI>-A   NEW   WORK 

This  work  is  a  practical  lext-book.  treating  the  subject  by  actual  experimental 
demonstrations. 

Journal  of  the  Americ&n  Meilical  Astooation 

"  The  book  is  well  written,  ihc  cla.-shtric.^iiuns  arc  good,  and  the  book  is  to  t>e  recommended 
u  a  pmclicol  guide  in  the  laboratory  study  of  materia  medica.'* 

Cichhorst's  Practice 

A  Text-Book  of  the  Practice  of  Medicine.  By  Dr.  Hermann 
EicHHORST,  University  of  Zurich.  Translated  and  edited  by  Augus- 
tus A.  EsHNER.  M.  D.,  Professor  of  Clinical  Medicine,  Philadelphia 
Polyclinic  Two  octavos  of  600  pages  each,  with  over  150  illustra- 
tions.    Per  set:  Cloth,  SG.oo  net;  Sheep  or  Half  Morocco,  ^8.00  net 

Bulletin  of  Johns  Hoplcins  Hospital 

•'  This  book  is  an  excellent  one  of  it»  kind.  Its  completeness,  yet  brevity,  the  clinical 
melhoils.  the  excellent  paMv;r^plis  on  treatment  and  walerinij  pliccs.  will  make  it  very 
dc«  ruble." 

Bridge  on  Tuberculosis 

Tuberculosis.  By  Normas  Britmse,  A.M.,  M.D.,  Emeritus  Pro- 
fessor of  Medicine  in  Rush  Medical  College,  in  affiliation  with  the 
University  of  Chicago.  i2mo  o^  302  pages,  illustrated.  Cloth. 
<i.50  net. 

Medical  News,  New  York 

"  Thoroughly  represenutive  of  our  prwrtical  me^oda  of  dtagnods  and  treatment  of  tbe 
dbeaae." 
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SAUNDERS-   BOOKS   ON 


Thornton's   Dose-Book 

Dose-Book  and  Manual  of  Prescription-Writing.    By  E.  Q,  TiK 

TON,  M.  D.,  Assistant  Professor  of  Materia  Mcdica,  Jefferson  Medicali 
College,  Phila.  Post-octavo,  392  pages,  illustrated.  F*lexible  Leather, 
$2.00  net 

Recently  Issued — New  (3d)  Edition 
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Dr.  Thornton,  in  makin};:  this  revision,  has  brought  his  book  in  accord  vilhi 
the  new  (1905)  Pharmacopeia.  Throughout  the  entire  work  numerous  reference* 
have  been  introduced  to  the  newer  curative  sera,  orj^anic  extracts,  synthetic  com- 
pounds, and  vegetable  drugs.  To  the  Appendix,  chapters  upi»n  Synonyms  and 
Poisons  and  their  antidotes  have  been  added,  thus  increasing  its  value  as  a  boolci 
of  reference. 

C.  H.  MUUr,  M.  D., 

Pr^*s»9r  of  Pharmatohgy,  Northioesttm  IMwertUy  Mtdicai  Sckocl,  OkicA^. 

"  I  will  be  able  lo  mftke  considermble  use  of  tluit  part  of  its  contents  relating  10  tbe 
terminology  as  used  in  prescription- writing,  nnd  tt  will  afford  me  much  pleasure  to  rec4 
the  book  to  my  claues,  who  often  (kil  to  find  this  information  Ln  their  other  teat-boohs.' 


Lusk  on   Nutrition 


Elements  of  the  Science  of  Nutrition.      By  Graham  Ll'sk,  PhJ 
Professor  of  Physiology  in  the  University  and  Bellevue  Hospital  Med-j 


ical  College,     Octavo  of  325  pages. 


Cloth,  $2.SO  net. 


JUST    READY 

This  practical  work  deals  with  the  subject  of  nutrition  from  a  scientific 

point,  and  will  be  useful  to  the  dietitian  as  well  as  the  clinical  physician, 
are  special  chapters  on  the  metabolism  of  diabetes  and  fever,  and  on  purin 
olisDi. 

Lewellys  F.  Barker,  M.D.. 

Professor  of  the  PrincipUt  and  Practice  of  Meiiic{$ie^  Johns  ffo^kima  Cw 

"  I  shall  recommend  it  highly.       It  is  a  comfort  to  hA\e  %\\c\\  a  iltscnsuon  of  (be 


Mathews'  How  to  Succeed  in  Practice 

How  to  Succeed   In   the    Practice  of   Medicine.     By    Joseph   M 
Mathews,    M.D.,    LL.D.,    President   American    Medical    A: 
1898-99,     l2mo  of  215  pages,  illustrated.     Cloth,  51.^0  net. 


THE  PR  A  err  CE   OF  MEDICINE, 
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Gould   and  Pyle*s 
Curiosities  of  Medicine 


I 


Anomalies  and  Curiosities  of  Medicine^  By  George  M.  Gould, 
M.  D.,  and  Walter  L.  Pvle,  M.  D.  An  encyclopedic  collection  of 
rare  and  extraordinary  cases  and  of  the  most  striking  instances  of 
abnormality  in  all  branches  of  Medicine  and  Surgery,  derived  from  an 
exhaustive  researcli  of  medical  literature  from  its  origin  to  the  present 
day,  abstracted,  classified,  annotated,  and  indexed.  Handsome  octavo 
volume  of  96S  pages,  295  engravings,  and  12  full-page  plates. 

Popular  Editiofi  2  Cloth.  93.00  net :  Sheep  or  Half  Morocco.  $4.50  set. 

As  a  complete  and  authoritative  Book  of  Reference  this  work  will  be  of  value 
not  only  to  members  of  the  medical  profession,  but  to  all  persons  interested  in 
general  scientific,  sociologic.  and  medicolegal  topics  ;  in  fact,  the  absence  of  anv 
complete  work  upon  the  subject  makes  this  volume  one  of  the  most  important 
literary  innovations  of  the  day. 

The  Lancet.  London 

"The  book  U  a  monument  of  untiling  energy,  keen  discrimin.ition,  and  erudition,  .  .  . 
Wc  heartily  recommend  il  to  the  profession.  ' 

Saunders'  Pocket  Formulary 

Recently  Usued— New  (8th)  Edition— Adapted  to  the  New  (1905)  Pharmacopeia 

Saunders'  Pocket  Medical  Formulary.     By  VVilxjam  M.  Powell, 

M.  D.,  author  of  "Essentials  of  Diseases  of  Children";  Member  of 
Philadelphia  Pathological  Society.  Containing  1831  formulas  from  the 
best-known  authorities.  With  an  Appendix  containing  Posological 
Table,  Formulas  and  Doses  for  Hypodermic  Medication,  Poisons  and 
their  Antidotes,  Diameters  of  the  Female  Pelvis  and  Fetal  Head, 
Obstetriciil  Table,  Diet-list,  Materials  and  Drugs  used  in  Antiseptic 
Surgery.  Treatment  of  Asphyxia  from  Drowning,  Surgical  Remem- 
brancer, Tables  of  Tncompatibles,  Eruptive  Fevers,  etc.,  etc.  In  flex- 
ible leather,  with  side  index,  wallet,  and  flap.     $1.75  net. 

Johfu  Hopkins  Hospital  Bulletin 

"  Armnirctl  in  such  a  wftv  •&  to  make  consu1t>ttion  of  it  its  cas>'  ts  poisiMc.  It  is  reniftrfc- 
■ble  how  much  mformAtion  the  author  bus  succeeded  in  getting  into  so  small  a  book." 


H 


SAUNDERS'   BOOKS   ON 


Sollmann's  Pharmacology 


Including  Therapeutics.  Materia  Medica^  Pheu'tnacy, 
Prescription-writing.  Toxicology',  etc. 


I 


A  Text-Book  of    Pharmacology.     By  Torald  Sollmank,  M.  D., 
Professor  of  Pharmacology  and  Materia  Mcdica,  Medical  Department 
of  Western   Reserve  University,  Cleveland.  Ohio.     Handsome 
volume  of  1070  pages,  fully  illustrated.     Cloth,  54  00  net. 

RECENTLY  ISSUED— NEW  I2di  EDITION 

Because  of  the  radical  alterations  which  have  been  tnade  in  ihe  new  (■1905)'! 
Pharmacopeia,  it  was  found  necessary  to  reset  this  book  entirely.  The  author  1 
bases  the  study  of  therapeutics  on  a  systematic  knowledge  of  the  nature  and  < 
properties  of  drugs,  and  thus  brings  out  forcibly  the  intimate  relation  bctveen  I 
pharmacology  and  practical  medicine. 


"wSH 


J.  r.  rotherin^h&m,  M.  D. 

prof,  of  ThtrapeuficJ  and  Tk€<}ry  and  Practke  of  Pretcrthing    Trimity  Mtd.  Cotirgt,  7# 
"The  work  certainly  occupies  ground  noi  covered  in  &o  conciic.  useful,  and  sctrattfic  a 
manner  b_r  any  other  text  I  hftvc  read  on  the  subjects  embraced." 

Butler's   Materia   Medica 

Therapeutics,  and  Pharmacolo^ 


A  Text-Book  of  Materia  Medica,  Ttierapeutics.  and  Pharmacolo^T 

By  George  F.   Huti.er,  Ph.  G.,  M.  D..   Associate   Professor  of  Thera- 
peutics. College  of   Physicians   and   Surgeons,  Chicago.      Revised  by' 
Smith  Ely  Jelliffe,  M.  D.,  Professor  of   Pharmacognosy,  Columbia. 
University.     Octavo  of  694  pages,  illustrated.    Cloth,  $4.00  net ;  Half 
Morocco,  3^5.50  net. 
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RECENTLY  ISSUED— NEW  (5th)  EDITION 
Adapted    to     tiie     New     1 1905 1    Pharmacopeia 

For  this  fifth  edition  Dr.  Butler's  text-book  has  been  entirely  remodeled,  te-ji 
written,  and  reset.      All  obsolete  matter  has  been  eliminated,  and   special  attCB«|| 
tion  has  been  given  to  the  toxicologic  and  therapeutic  effects  of  the  newer  coo* 
pounds.      A  classification  has  been  adopted  which  groups  together  those 
the  predominant  action  of  which  is  on  one  system  of  or;gan5. 

Medkal  Racord,  New  York 

"  Nolhint^iai^e*^  oT(\\\\c4\»^  *v«  vo9Kc^t  which,  in  bu  Judfneai,  would  add  (o 
pleten«»4  ot  l\\c  \t\\,  an*  \Ve  ttxiAtuv  w  v^xl^ti^  twlAm  w  v^«k  ■«««.  Stmeat  of  UMat  ad 
beating  upon  l\\e  ^»\«  ol  At^^  fcxii  «m*&v«.  tc.T*^<*«^: 


PRACTICE,  MATERIA    MEDIC  A.   Etc. 
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The  American  Pocket  Medical  Dictionary.  5U1  t:d.  jmt  luued 

Thk  AmcmcAN  P<x"Kei  Mkmcal  Uiciionary.  EdiieiJl.v  W.  A.  Nfavman  H  'R- 
LAMD.  M.  L).,  Assistant  Oh^lHrician  to  the  Hospital  of  the  UniTcnitr  of  Penn«tlvania. 
Contaiuing  the  proauncinlixn  and  definition  of  the  priiicipAl  words  lued  in  medicine 
aod  kindred  sciences,  with  64  cxlcn$iTe  Ublcs.  Flexible  leather,  with  gold  edges. 
^.00  a«t ;  with  thainb  iadex,  $1.2$  net. 


"I  can  recommend  it  to  oar  Mudeots  wtOiout  racrve. 
Medical  CtiUgf,  Fkitadel^hia, 


-J.  H.  Holland.  M.  D.,  0/  tkt  Jefftrum 


Vierordt*s  Medical  Diagnosis.    Fourth  CdMoo.  Revised 

MKinrAi.  IHAnNtisis.  tly  Ijr  UhWAii»  Viekordt,  Profeuor  of  Medicine,  UniTer- 
sity  of  Heidelberg.  Translated  from  the  fifth  enlai^ed  German  edition  by  Francis 
H.  Stuart,  A.  M.,  M.  U.  Octavo,  6oj  pnges,  104  wood  cuts.  Cloth.  ^4.00  net; 
Sheep  or  Half  Morocco,  $5.50  net. 

"  Hks  b««n  reco)(nizcd  a*  a  pfmcticsl  work  of  tbs  bichwl  raliie.  Ii  nay  bs  coaaiilcTwl  iadupcaMible 
botk  to  mdcDU  and  practillODcrt."— K.  Minot,  M.  D.,  /a//  Pr^Mtar  V*  Tht^ry  mmd  Prmeiic*  im 
Maw^mrd  Unwmrrtity. 

Cohen  and  Eshner*s  Diagnosis.    SKoad  R*viMd  EdUoa 

EssRNTlAl-S  OF  niAr.Nr>sis.  By  S.  SolisCohen,  M.  D.,  Senior  Assistant  Professor 
in  Clinical  Medicine,  Jefferson  Medical  College,  Phila.  ;  ond  A.  A.  Eshner,  M.  D., 
Profe-vior  of  Clinical  Medicine,  Philadelphia  Polyclinic.  Post-octavo,  382  pages;  55 
illustrations.      Cloth,  Jl.oo  net.     In  Saumdfrs*  Qufition-Comp^nJ  Srrirs. 

"Concise   in   the  Ireaiment    of  subject,    ter«e    in    exprcwon    of  raet." — MmMric**!  JmHtrnMl  ^  ikt 

Recently  luued 

Morris*  Materia  Medica  and  Therapeutics.  New  (Ttht  edition 

EssENTJAi.s  or  Materia  Mkiiica,  Thirapritics,  and  pRRsrRiPTitjN-W'KniNG. 
By  HK.NRV  MuRKlS,  M.  D.,  late  Demonstrator  of  Therapeutics.  Jeffenon  Medical 
College.  I'hila.  Revised  by  VV.  A.  lUsTErxt,  M.  D..  Inslructor  in  Malcria  Medica  and 
Pharra-icologyat  Columbia  University.  121110,  300  p:iges.  Cloth,  ji.oo  nei.  In  StiunJer/ 
Qtuition-Compend  Seri/s. 

"  Cannot  fait  to  impr*M  the  mlad  aad  iaatinct  in  a  laiHni(  oManer.*'  —  Buffmt*  Mtditai JamnuU. 


Williams*  Practice  of  Medicine 


Recently  liiued 


KsspVTlALii      OF     THK     PkACTICK     OF     MF.niCINF.         By    W.     R.     Wll.UAVS.     M.D., 

formerly  Instructor  in  Medicine  and  Lecturer  on  Hygiene,  Cornell  University:  and 
Tutor  in  Therapeutics,  Culunibia  University,  N.  Y.  I2mo  of  45'>  pages,  illuiUraled. 
In  SaumJers*  Question-Corn  fend  Serin.     DouUe  numbei.  Si.7S  neL 


Stoney's  Materia  Medica  for  Nurses 


Recently  Issued 
New  (3rd)  Edition 

Materia  Medica  for  Nirses.  By  Emii.y  M.  A.  Stonev.  .Supcrimendeni  of  the 
Training  School  for  Nurses  at  the  Carney  Hospital,  South  Boston.  Mass.  Handsome 
lamo  volume  of  300  paRia.     Cloth,  #1.50  net. 

"  It  contalit*  about  rverythinc  thai  a  luine  mi)[ht  to  know  in  r«cmrd  to  Ara^."—j0mnml  m/  ikt 
.^mrrumm  MtMctt/  A tsoriatinm. 


Grafstrom*s  Mechano-therapy 


Recently  Issued 
Second  Edition.  Enlarged 

A  Tkxt-1U>ok  of  Mfchano-THERAPY  iMassagc  and  Medical  Gymnasiicai.  By 
AXEl.  V.  GrafstroM.  B.  Sc,  M.  D..  Attending  Physician  to  Augustus  Adolphus  Orphan- 
age, lamestown.  N.  Y.     i2mo.  aoo  p^iecs,  illustrnled,     $1.25  net. 

"CenainlY  fblfiUt  U%   mliclon  in  rendering   compr«li«»itble   tlie  anbjecu   of  maaaa(«  and 
gymaasiics.'*— jVrw  V^rk  M«4iimi  Jourm*i. 
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HAUNDKIiS'    BOOKS  ON  PRACTICE,   Etc, 


Jakob  and  Eshner's  Internal  Medicine  and  Diagnosis 

All.ASANU    EpnOMt  OF  iNTtkNAL    MeDICIKE  AND  CUMCAL    DlACNCiSU.       BjT  DiL 

Chr.  Jakuh^  of  F.rUngcn.  Edited,  with  additions,  by  A.  A.  (Ishnck.  M.  D.,  Pro- 
fessor of  Qioicfil  MediciDe,  rhiladclphia  Toljclinic.  With  1S3  coloied  figurrk  on 
68  plates,  64  text-illuslnitioas,  359  page>  of  text.  Cloth,  I3.00  oet  Im  :>atmJir^ 
Jianti-Athii  StrUi. 


LrOckwood's  Practice  of  Medicine. 


'*  C^n  be  recommended  uaheiitatiogty  ta  tlie  prmcticiQC  phyucUn   no  leM  ihAa  10  lb* 
Bmiitlim  a/  J»km  Hopkins  H9ipit*t. 

Second  CdiBon. 
Revued  ftud  Cnlu^ed 

A  Maitoai,  of  thk  PBAcmcE  OF  MtDiciNt.     by  Geo.  k.jt  l.(-»»rKW(*n>.  M 
Attending  T'hTsician  to  the  Bellcvuc    Hi>spitn,l,  New  York  City.     OctJTo*  S47  pA^ck 
with  79  iJlu!«trutioas  in  the  text  and  22  fuHpago  plates.     Cloth,  ^4.00  tiet. 

**  A  woik  of  pQttiivc  merit,  ami  uoc  whicb  we  gUdly  wckoaw." — Nfm  Y»rk  Mtdmmi  Jfrnrwrni^ 
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Corvfin's  Physical  Diagnosis.    Third  Cditioa.  RevisMi 

ESSKNTIALS  OF  I'HYSICAL  DIAGNOSIS  OF  THF  THoRaX.       Hy  A.    M.  COSWIK.  A7 

M.  D,,  Professor  of  Physical  Diagnosis,  College  nf  I'hysicians  and  Surgeons.  O 
220  pages,  illustrated.     Cloth,  flexible  covers  3l-25  net. 

"A  noftt  exccllcat  lutle  work.      It  arrangrs  orderly  and  in  sequence  tbc  ▼ariOK*  olijecf  i«< 

to  tojpcal  solution  of  a  cartful  diiiciic.*i»."'— /^••♦•Mrf/  v/  //ervott  *m(d  Mrml^t  ~' 

Barton  and  Wells*  Medical  Thesaurus 

A  ThI-5AUKI'S  »!F  MtDICAL  WoRDS  AM)   PHR  Vst>.       Ity  W.  M.    BAKTON,  M.  DJ 

W.  A.  WtLlJi,  M.    D.,  of    Georgetown   University,   Washington,  D.  C,      l2mo 
pages.      Flexible  leather,  32-50  net ;  thumb  indexed.  53-00  net. 


Jelliffe's  Pharmacognosy 


Recently  luued 

An  iNTKiiiii'i-rioN  TO  Pharmac*x;ni«y.     By  Smith  Ely  Jbi  liite.  Ph.  1>..  M.  D.. 
of  Columbia  University.     Octavo,  illustrated.     Cloth,  ^2.50  net. 


Stevens'  Practice  of  Medicine.   New  (8th)  Editioo-|ust  Umed 

A  Manual  of  TH^   I'KA'TirK  of  KlKniciNF.     By  A.  -\.  Stkvkns.  A.  M.,  SI. 
Professor  of  Pathology.  Women's    Medical  College,    Phila.       .Specially   intended   for 
students  preparing  for  graduation  and  hospital  examinatiom.      Po^t-ocUvo.  556  pija;' 
riu5ttrated.      Flexible  leather,  $2.50  net. 

"An  excellent  condcn&atidn  c>f  the  cMcntialft  of  medical  practice  (or  the  Modent,  and  may  baj 
al»D  aa  excellent  reminder  for  the  buty  phyftcian."— ^i^a/o  Mtdu*i  j0ttnutt. 


Paul's  Materia  Medica  for  Nurses 


Just 
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Materia  Meuica  for  Nursks.  By  (.lu.Kr.K  P.  pAtri ,  M.D.,  Assistant  Vi<^iim 
Physician  and  Adjunct  Radiogmpher  to  the  Somahtaa  Hp&pilal,  Troy,  N.  Y.  izico  uT 
240  pages.  Cloth,  $1.50  ort^ 

In  Dr.  Pauls  new  work  the  physiologic  actions  of  the  dru^s  arc  arranged  acconSmjf 
the  action  of  the  dnig  and  not  the  organ  acted  upon.      Another  important  section  i* 
on  pretoxic  signs,  giving  the  warnings  of  the  full  action  or  tbe)>eginntng  toxic  ellectioli 
drug.     If  these  iigns  be  known  many  cases  of  drug  poisoning  may  be  prevented. 
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